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Abstract: In the literature it is commonly reported that several spatial abilities decline with normal aging, even though 

such a decline is not uniform. So far, it is not yet clear which spatial components present a normal age-related decline, 

which ones are preserved and at what point the deficit is so severe to represent an index of mild cognitive impairment 

(MCI) or a symptom of potential degenerative progression as in the early-stage Alzheimer’s disease (AD). In particular, 

AD (from early onset) is characterised by impairments in constructive abilities, visuospatial intelligence, spatial short-

term memory deficits, and disorders of spatial orientation (topographical disorientation). MCI indicates a condition, 

generally affecting older individuals, characterized by cognitive deficits including memory and/or non memory 

impairments and at high risk of progression to dementia. Three MCI subgroups have been distinguished and a very high 

risk of developing AD is associated to the amnestic MCI subtypes. Further, recent studies have suggested that the 

allocentric component of spatial memory might be taken as predictor of AD from MCI. Given the frequency of 

visuospatial deficits in early-stage AD, evaluation of visuospatial processes is a promising approach to find predictive 

markers of AD. Here we report a review of the literature exploring specific visuospatial components in normal aging, 

MCI, and AD. In this way we could shed some light on the role of these components in the progression from MCI to AD 

and pave the way for future studies. 
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INTRODUCTION 

 Over the past decades, interest has been growing in 
determining the predictors of Alzheimer’s disease (AD). 
Accordingly, research efforts have been devoted to early pre-
dementia stages of AD when subjects typically present with 
memory complaints and show deficits on neuropsychological 
tests, but do not fulfil the clinical criteria for dementia 
because of the isolated nature of the cognitive deficits and 
the preservation of everyday abilities. Although a number of 
different labels have been applied to patients in this 
prodromal state [1], there is now wide acceptance of the term 
MCI, i.e. Mild Cognitive Impairment. Many patients with 
MCI may progress to AD in few years [2]. Typically, 
performance of MCI patients on standard psychometric tests 
is in between that of healthy elderly and AD patients. MCI 
patients can be difficult to differentiate from individuals with 
normal age-related cognitive decline or mild memory loss 
associated with depression. The possibility of framing a 
memory deficit as normal or pathological for age and 
education standards is therefore crucial to differ the natural 
course of aged cognition from MCI and, possibly, to predict 
future onset of AD.  

 A long-standing literature has addressed the question of 
which deficits can be taken as early predictors of AD. So far, 
the greatest attention has been paid to verbally-mediated 
memory disorders, specifically episodic and semantic 
memory that are traditionally considered the earliest and 
deepest deficits [3]. Visuospatial deficits, even in early 
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stages of AD, have long been recognized but have been 
studied much less closely [4,5]. Disorders of spatial 
orientation (topographical disorientation) are considered an 
early symptom of dementia [6], and often attributed to the 
hippocampal damage [7]. Some authors have suggested that 
visuospatial deficits can precede typical memory 
impairments in very prodromal phases [8,9]. Therefore, 
consensus is still lacking on the staging of the cognitive 
deficits that follow, precede, or coexist with memory 
impairments during the progression of the disease, 
particularly early in its course. Here we discuss some studies 
about visuospatial memory in AD and MCI patients. 
Definition and taxonomy of MCI patients and data about 
rates of conversion to AD are also provided. We do not focus 
on Topographical Disorientation (extensive reviews are 
already available [10]). It is not our aim to provide a 
comprehensive review of all studies dealing with spatial 
processes in MCI and AD (if ever possible) but to analyze 
critically the theoretical constructs measured and the 
psychometric tasks used in comparison with models and 
paradigms of cognitive psychology. In particular, we will try 
to clarify what is “spatial” in visuospatial processes and to 
analyze the cognitive processing components of frequently 
poorly specified tasks. In doing so, the hypothesis that 
spatial memory deficits may represent an early sign of 
degenerative dementia will be discussed and findings 
suggesting this possibility will be presented. Further, a brief 
overview of visuospatial abilities in healthy elderly people 
will be sketched in order to provide a baseline of normal 
functioning of spatial cognition with aging. We wish to 
emphasize that the research efforts to find out early 
predictors of AD would benefit from a closer cross-talk 
between clinical approaches and cognitive psychology. 
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1. METHOD AND MATERIALS 

 The review of the literature was conducted using a 
systematic method. The search was carried out in PubMed, a 
free digital archive of biomedical and life sciences journal 
literature, and CSA Illumina, a digital archive of literature 
comprising social science, technology, and medicine 
databases. 

 Relevant articles were identified through searches using 
the terms Alzheimer and Mild Cognitive Impairment with no 
restriction as to year. This produced 2385 articles and 4418 
articles, respectively from PubMed and CSA Illumina. In 
order to refine the research, articles were further narrowed to 
those that contained the word visuospatial. The final result 
was 709 articles. Starting from the abstracts, we selected 
articles tapping specifically visuospatial abilities and 
considering humans. This led to a selection of about 40 
articles. Additional information from relevant publications 
were used for the background information about definitions 
and taxonomies of MCI and spatial memory in normal aging. 

2. MCI BETWEEN NORMAL AGING AND AD 

 Healthy elderly people between 60 and 80 years should 
reveal a decline in the efficiency of cognitive functions of 
10%, and this change should be mainly concerned with 
reasoning, learning, recalling events and experiences [11]. 
The detection of a predementia state from normal aging is 
burdened by the fact that MCI lies subtly between normal 
aging and AD [12-17]. Indeed, the typical prodromal sign of 
onset of dementia, i.e. memory loss, is also associated with 
other clinical conditions such as depression, anxiety, 
learning disability, physical illness and so forth that should 
be excluded from investigations to ascertain the risk of 
developing dementia. As illustrated in Table 1 (adapted from 
[13]), different subtypes of mild cognitive impairments can 
be characterized by several damaged domains and by diverse 
etiology. 

 Starting from the definition proposed by Kral [14] of 
normal aging as “benign senescent forgetfulness” state, it 
was later introduced a further distinction between “age-
associated memory impairment” which is benign 
(corresponding to at least 1 SD below the scores of young 
people) and a more severe decline (corresponding to at least 
1 or 2 SDs below the scores of a normal sample) [15]. The 
concept of MCI was initially introduced by Flicker and 

colleagues [16] and the Mayo Clinic group [17] to fill the 
gap between cognitive changes associated with normal aging 
and those associated with dementia. Officially, the 
classification of predementia states as MCI appeared in the 
ICD-10 and DSM-IV manuals. 

2.1. Taxonomy of Mild Cognitive Impairment and Rate 
of Conversion in AD 

 The term MCI as reported by Petersen and colleagues 
[18] indicates a condition, generally affecting older 
individuals, characterized by isolate memory deficits. 
According to the diagnostic criteria for MCI, memory 
complaints referred by the patient have to be confirmed by a 
relative and/or a General Practitioner. Cognitive decline has 
to be greater than that expected for an individual’s age and 
education level but such that does not interfere notably with 
daily life activities. The memory impairment must be 
documented by a performance falling below -1.5 standard 
deviation at memory tests. Furthermore, a diagnosis of overt 
dementia has to be excluded. 

 Petersen and colleagues [2] have classified MCI into 
three subtypes: I, amnestic; II, multiple-domain slightly 
impaired; and III, single non-memory domain impaired. The 
criteria for amnestic-MCI are specified by Petersen [19] as: 
memory complaints (preferably corroborated by an 
informant); objective memory impairment on a delayed 
recall test; relatively normal general cognitive functioning, 
with the exception of memory (other cognitive domains may 
be impaired but only to a minimal degree); and normal or 
only minimally impaired daily activities. Non-amnestic MCI 
can be further classified by the impairment in a single 
domain (language, executive function, visuospatial relations) 
or in multiple domains (combination of cognitive 
dysfunctions). 

 Even if data from the literature report high variability in 
the rate of conversion of MCI to AD [2,20,21], there is wide 
consensus that MCI is a positive prodrome of subsequent 
AD. The prevalence of dementia depends on the age group: 
2.1/100 cases in 65-74 years, 6.9/100 cases in 75–84 years 
and 27/100 cases in the group beyond 84 years [22]. 
Kivipelto and colleagues [23] recorded a rate of MCI of 6% 
in people aged 65–79 years. According to Visser [12], the 
prevalence of MCI should vary between 2 and 30% in the 
general population and between 6 and 85% in clinical 
settings. As suggested by Amieva and colleagues [20] the 

Table 1. Subtypes of Mild Cognitive Impairment (MCI) classified on the Basis of Presumed Aetiology. Adaptation from Petersen 

(2004)
 
[13] 

 

Aetiology 
Subtypes of Mild Cognitive Impairment 

Degenerative Vascular Psychiatric 

Amnestic AD - Depression 

Multiple-domain with amnesia AD VaD Depression 

Multiple-domain without amnesia DLB VaD - 

Single non-memory domain FTD - DLB - - 

AD = Alzheimer’s disease; DLB = Dementia with Lewy Bodies; FTD = Frontotemporal Dementia; VaD = Vascular dementia. 
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rate of conversion to AD can rise up to 50% at 2-3 years 
from the initial stage. After 6 years, 80% of 76 MCI patients 
(mean age = 81 years) can convert to AD [2,24]. Several 
factors may account for the discrepancies often found in 
epidemiological studies and clinical statistics: the selected 
population, the screening and neuropsychological tools to 
assess memory functions and the criteria adopted to diagnose 
the disorder. When clinical criteria have been strictly 
applied, a prevalence of 3% in the elderly population has 
been reported [2]. 

 According to some authors MCI, particularly of type II, 
is associated with higher risk in developing AD than pure 
amnestic-MCI [25]. Instead, Petersen and colleagues [2] 
point out that patients with amnestic-MCI are more likely to 
develop AD than non-amnestic MCI patients. Two 
longitudinal studies performed in a memory clinical setting 
with a follow-up of 2 to 3.8 years found that all subjects with 
multiple domain-MCI (md-MCI, divided in md-MCI with 
memory impairment and without memory impairment) who 
developed dementia at follow-up had AD [26]. Moreover, 
71% to 80% of the cases with AD at follow-up had md-MCI 
at baseline, and only 15% to 29% had amnestic-MCI.  

 Busse and co-workers [27], studying a sample of 1045 
dementia-free individuals aged from 75 to 99 years, showed 
that the positive predictive power for subsequent dementia 
(after 2.6 years) was higher for the criteria of amnestic-MCI 
(33%) and multiple domain-MCI (29%). Zanetti e colleagues 
[28] found that subjects with amnestic-MCI who developed 
dementia at follow-up all had Alzheimer-type dementia, 
whereas subjects with multiple impaired cognitive domains 
MCI (md-MCI) who developed dementia all had vascular 
dementia. 

 Recent data from 269 Italian patients with amnestic-MCI 
report a conversion rate to dementia of 21.4% a year [29]; 
among them, about 83% resulted affected by AD. It is 
interesting to note that, in the same study, a large proportion 
of patients (24.1%) was still affected by MCI at 24-month 
follow-up, 13.3% had changed their neuropsychological 
profile, and 17.2% resulted cognitively normalized. 

 In sum, it is not yet clear which MCI sub-type is more 
likely to progress to AD and efforts to define more sensitive 
assessment tools and more precise classification criteria are 
necessary. 

3. VISUOSPATIAL ABILITIES IN NORMAL AGING 

 MCI is typically defined as number of SDs from the 
normal average for different age groups. The boundaries 
between normal aging and dementia may comprise 
conditions in which heterogeneous patterns of cognitive 
impairment may be observed. Indeed, memory disorders 
with no dementia in the elderly population are frequently 
reported, and their prevalence varies from 22% to 56% [30]. 
Therefore, a clear picture of cognitive functioning and 
normal decline in healthy elderly adults has yet to be 
defined. Within the visuospatial domain, it is not clear which 
spatial components present a normal age-related decline, 
which ones are preserved and at what point the deficit is so 
severe to represent a sign of MCI. One reason of this 
variability is that spatial memory is not a unitary function but 
includes a wide range of processes and components [31,32] 

which could be selectively sensitive to aging effects. 
Consequently, it is important to use tasks clearly defined as 
regards the cognitive processing components and the spatial 
concepts measured. In the subsequent paragraph, a definition 
of what is “spatial” and basic models of spatial memory are 
provided. 

3.1. What is “Spatial”?  

 The term “spatial” is somewhat ambiguous as it has 
assumed different meanings and has been considered in 
various ways. For example, spatial competence is associated 
with the processing of geometric (or metric) properties such 
as distance and size, as well as dynamic properties such as 
velocity and strength. Clearly, the ability to navigate in the 
environment requires an understanding of all these 
properties, thus linking the idea of an intuitive geometry with 
that of an intuitive physics [33]. This ability is fundamental 
to our survival and it is not surprising that spatial abilities are 
often synonymous of navigational abilities. However, 
characteristics of objects such as size, orientation and 
location are also defined “spatial” [34]. Ungerleider and 
Mishkin [35] proposed a distinction between spatial 
information and object information in terms of “where” and 
“what” systems. The visual system comprises two different 
streams. According to the authors, the dorsal stream 
processes spatial or “where” information for object 
localization, whereas the ventral stream processes visual or 
“what” features (such as shape, color, luminance) for object 

recognition.  

 Potentially, all kinds of processes and information useful 
to locate positions and directions in the environment can be 
defined spatial. To encode the position of an object, a second 
object is needed that acts as a point of reference. Humans 
can use two fundamental classes of frames of reference to 
encode and organize in memory spatial information: 
egocentric and allocentric [36-38]. Egocentric frames of 
reference specify spatial information in relation to one’s 
body and therefore maintain the viewing perspective. 
Egocentric spatial representations are often defined as 
orientation-specific or orientation-dependent [39]. 
Allocentric frames of reference are independent of the 
body’s position and are centred on external elements such as 
objects and features of the environment [40,41, for a recent 
review see 42]. Allocentric spatial representations are not 
biased by the viewing perspective and are often called 

orientation-independent or orientation-free [39]. 

 Kosslyn [36] proposed a distinction between two kinds of 
spatial information: one relies on categorical spatial 
representations which preserve non metric spatial relations 
between objects, such as object A is to the left of object B; 
the other relies on coordinate spatial representations which 
preserve locational information within a metric coordinate 
system, such as object A is 2 m far from object B. Therefore, 
this theoretical distinction specifies the grain of spatial 
information that links a point of reference (object B in the 
example) to other objects or locations, and is complementary 
to the egocentric/allocentric distinction [43]. In short, spatial 
relationships between the Self and external locations and 
between locations in space can be defined in terms of 
distances, directions and relative positions, and are 
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concerned with landmarks in the large-scale environment, 
objects and internal parts of objects.  

 As illustrated in Fig. (1), these two fundamental distinc-
tions, i.e. egocentric/allocentric frames and categorical/ 
coordinate information, form the basic structure of spatial 
memory and afford complex representations and behaviors. 
We can represent our environment as an allocentric survey 
map with embedded directions and distances or as a route 
sequence with left-right turns from a first-person egocentric 
perspective or we can simply focus on isolated landmarks 
[44].  

 These three levels of spatial representation, landmark, 
route and survey, form the developmental model proposed 
by Siegel and White [44] to explain the acquisition of spatial 
knowledge in the child. Then the model has been extended to 
the development by adults of knowledge of the environment 
and spatial strategies [45]. We can use diverse navigational 
strategies to find out our way in the environment and to act 
with objects. The fundamental role of spatial processes 

between action and cognition is highlighted by Milner and 
Goodale [46] in their re-interpretation of Ungerleider and 
Mishkin’s model. They proposed that the ventral stream 
generates object-centered, allocentric representations to the 
purpose of building up long-term representations of objects, 
whereas the dorsal stream generates egocentric 
representations necessary to plan and execute reaching 
movements under the guidance of vision. Finally, 
visuospatial information and processes enable non verbal 
cognitive abilities, such as mental imagery, that can be 
defined as the capacity to represent and manipulate 
information by relying on a spatial medium [36]. 

3.2. Models and Neurofunctional Bases of Spatial 
Memory 

 The neural mechanisms underlying spatial memory have 
yet to be fully understood, but it is agreed that the 
hippocampus, together with its fundamental role in general 
memory, is a key structure in supporting spatial memory. 

 

Fig. (1). Fundamental features of spatial memory as sketched in the text. 
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The experimental evidence is robust and encompasses 
studies involving rodents, non-human primates and humans 
[see 47,48]. According to one influential theory, spatial 
information is maintained in the hippocampus in the form of 
a cognitive map, which specifies the directions and relative 
distances between locations in the environment [37,49]. 
Spatial information is integrated into an allocentric 
representation that is maintained in long term memory. More 
recently, it has been proposed that egocentric and allocentric 
information is processed in parallel in the parietal lobe and 
the hippocampal formation, with final transfer to the 
hippocampus for long-term storage in allocentric coordinates 
[50-52]. However, there is still debate on the status of long-
term spatial memory: according to one view egocentric 
representations would be transient to the service of 
perceptual control of movement in space whereas only stable 
allocentric representations would be stored [53,54]; 
according to another view both egocentric and allocentric 
representations would be maintained [41]. In any case, the 
involvement of the hippocampus in allocentric spatial 
memory is commonly accepted (for review see [55]).  

 Few studies have investigated directly the cerebral 
networks subserving egocentric and allocentric processing. 
A fMRI study showed that egocentric information activated 
posterior parietal and lateral frontal premotor regions, more 
extensively in the right hemisphere [56]. A succeeding study 
confirmed the involvement of the fronto-parietal network in 
the egocentric processing, while a subset of these regions 
was also involved in the allocentric task [57]. Committeri 
and co-workers [58] compared viewer-centered, object-
centered and landmark-centered spatial coding of visually 
presented realistic 3D-information. Viewer-centered 
egocentric coding activated mainly areas in the dorsal stream 
and in frontal lobes, whereas allocentric coding recruited 
both dorsal and ventral regions [58]. Zaehle and colleagues 
[59] found that the processing of egocentric spatial relations 
is mediated by medial superior-posterior areas with an 
important role of the precuneus, whereas allocentric spatial 
coding requires an additional involvement of the right 
parietal cortex, the ventral visual stream and the 
hippocampal formation.  

 With an ecological fMRI procedure, Rosenbaum and 
collaborators [60] assessed participants familiar with the city 
of Toronto in several navigational tasks: judgment of relative 
distance, estimation of distance, correct order of sequences 
of landmarks and spatial problem-solving. These tasks were 
associated with cerebral activation of the medial temporal 
lobe, in particular involving the right parahippocampal 
gyrus, and of the following areas: retrosplenial cortex 
(allocentric processing), medial and posterior parietal cortex 
(egocentric processing), prefrontal cortex (spatial processing 
requiring executive functions).  

 Maguire and colleagues [61] adapted a virtual reality 
paradigm to a PET procedure. Normal subjects had to 
mentally navigate to a goal, both directly and with detours. 
Direct navigation strongly activated the right hippocampus 
and the right inferior parietal cortex. Navigation with detour 
also activated the left superior and middle frontal gyri. An 
activation of the right caudate nucleus was also observed. In 
a second fMRI study normal subjects had to learn a route in 
a virtual environment and then to give judgements about 

either the appearance (landmark processing) or the position 
of particular locations (survey processing). Landmark 
processing activated the lingual and fusiform gyri of the 
occipital cortex, whereas survey processing activated the 
posterior parietal and premotor areas. The overall data were 
interpreted in terms of a specific mental navigation network 
which included the right hippocampus, the left precuneus 
and the insula [see also 62]. 

 As regards coordinate and categorical spatial 
representations, neuroimaging [63] and neurofunctional data 
[64] in normal subjects performing spatial imagery tasks 
have shown that the right hemisphere is particularly involved 
in processing coordinate metric relations, while the left 
hemisphere seems more specialized in computing categorical 
spatial relations.  

 Recently, Iachini and colleagues [65] compared left- and 
right-parietal brain lesioned patients on an egocentric and 
allocentric spatial memory task. The results suggested that 
the right hemisphere is specialized in processing metric 
information according to egocentric frames of reference. 

 In conclusion, the heterogeneity of functions and 
processes of spatial memory is reflected in the complexity of 
the underlying cerebral networks, with a central role of 
hippocampal and fronto-parietal circuits. Fig. (2) provides a 
tentative description of the cerebral areas more involved in 
spatial memory. 

3.3. Spatial Memory and Normal Aging: General 
Hypotheses 

 The reasons to study spatial memory and aging are 
multiple. First, spatial ability plays a fundamental role in 
everyday human activities, like way-finding, geographical 
orientation, using a map of space for navigation, localizing 
places or grasping objects. The assessment of visuospatial 
abilities, which are the necessary pre-requisite of 
independent mobility in the environment, is therefore crucial 
to monitor elderly people's well-being. Second, episodic 
memory is particularly vulnerable to decline with aging and 
is among the firsts and most profound deficits of dementia. 
Episodic memory has an inherently contextual nature, i.e. 
previous experiences are embedded in a spatial and temporal 
structure [66]. Spencer and Raz [67] reviewed the literature 
about age differences in episodic memory by distinguishing 
memory for content and context of a message. The results of 
the meta-analysis showed that age differences in context 
memory were reliably greater than those in content memory. 
Third, spatial memory is a basic component of more general, 
complex and non verbal cognitive processes such as mental 
imagery.  

 Age-related changes in basic visuospatial abilities, 
mental imagery and navigational abilities have been 
investigated. Laboratory-based psychometric tasks, such as 
mental rotation, and more ecological tasks, such as direction-
finding and map learning have been used [68]. The results 
obtained are still controversial and it is not yet clear which 
spatial processes decline with age and which ones are 
preserved. Some data suggest that working memory is a very 
important structure in understanding cognitive aging and it 
has been hypothesized that a variation in its capacity is one 
of the main variables associated with reduced mental 
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efficiency. Salthouse and Mitchell [69] suggested that in 
working memory it is possible to distinguish between a 
structural  component, i.e. number  of  information  units   that 
can be memorized at the same time, and an operational 
capacity component, i.e. number of processing operations 
that can be performed. Mayr and collaborators [70] reported 
pronounced age differences in active tasks requiring the 
integration and coordination of information. In a series of 
studies, Iachini and colleagues [32,71,72] compared two 
general hypotheses about the cognitive decline associated 
with healthy aging: the Slowing view and the Limited 
Resources view. According to the first view, the speed of 
cognitive processes is the main mediator of decrease with 
age and would have global and uniform effects on cognitive 
functioning [73,74]. According to the second view, age-
related decline is a consequence of reductions in basic 
processing resources such as attention and working memory 
[75,76]. This hypothesis predicts selective age-related effects 
depending on the complexity of the task at hand. Iachini and 
colleagues [71] compared young and elderly healthy adults 
in a battery of psychometric tests assessing general cognitive 
functions (Story Retell, immediate and delayed, Attentional 
Matrices, Token, Verbal Fluency, Frontal Assessment 
Battery (FAB) devised by Dubois, Raven’s matrices), and 
visuospatial abilities: Line length perceptual judgement, 
Mental rotation, Mental construction (all perceptually-
driven), visuospatial working memory span (Corsi), Line 
length memory and Line Length inference. The results 
showed selective effects of aging. Some abilities were well 

preserved, such as memory for line length and perceptual 
discrimination of line length. Some others were instead 
impaired, such as the ability to infer new information from 
memorized spatial information, the ability to manipulate the 
spatial structure of mental images and to construct mental 
images, and the ability of abstract spatial reasoning. Further, 
basic processing resources such as attentional capacity and 
visuospatial working memory showed a reduction in the 
elderly. Two subsequent studies [32,72] confirmed that 
aging has a detrimental effect on tasks that require active 
manipulation and strategic control of spatial information (the 
abilities to mentally rotate visual images, to retrieve spatio-
temporal sequences and to infer new spatial information). 
Consistently, age had no detrimental effect on more passive 
tasks requiring only perceptually-based comparisons or pure 
maintenance of spatial information. 

 An interpretative framework similar to the Limited 
Resources View is offered by the active/passive model 
proposed by Cornoldi and Vecchi [77] within the Working-
Memory domain. The model is based on the level of activity 
that cognitive processes require, that is the amount of 
integration, modification or transformation of information. 
Passive processes correspond to the simple maintenance of 
information, whereas active processes imply simultaneous 
maintenance and manipulation of information. Vecchi and 
Cornoldi [78] compared young and elderly healthy adults on 
passive and active visuospatial tasks. The battery included 
the Corsi test, the Visual Pattern task, the Mental Pathway 
task and the Jigsaw-Puzzle task. In the Jigsaw-Puzzle task, 

 

Fig. (2). Graphic illustration of the relationships among neocortical regions, dorsal and ventral streams and hippocampal formation . The 

arrows indicate the connections among cerebral structures that allow the processing of spatial information. 
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participants are presented with numbered fragmented 
pictures of everyday objects that must be assembled by 
writing down in a blank grid the corresponding numbers. 
The Visual Pattern task consists in the presentation of 
pathways in matrices with increasing number of squares; 
participants have to reproduce these pathways in a blank 
matrix. In its Active version, the response matrix is 
presented in a different orientation and hence mental rotation 
of original pictures is needed. Overall, the results showed 
marked differences due to active tasks and suggested that 
age-related decline is due to a reduced capacity to 
manipulate and transform visuospatial information (see also 
[69]). 

3.4. Basic Visuospatial Abilities in Normal Aging 

 As regards the egocentric/allocentric distinction, to the 
best of our knowledge the literature on aging and spatial 
cognition has not directly addressed this issue. In general, 
several spatial tasks have been used, such as pointing tasks, 
and the results are interpreted as consistent with the 
allocentric or the egocentric organization of spatial 
knowledge. Few attempts to compare directly these two 
kinds of processing with young people have been made 
[58,79] and it would be of theoretical and clinical relevance 
to determine their developmental course. Parkin and 
colleagues [80] used a spatial discrimination task that 
involved egocentric spatial memory to compare elderly and 
young people. They found no significant negative effect of 
age on the spatial performance, but only a slight decline. 

 As regards the coordinate/categorical distinction, only 
one study has addressed directly this issue. Meadmore and 
co-workers [81] studied the hemispheric specialisation and 
the effect of age on categorical and coordinate processing. 
The results showed in all age groups a left hemisphere 
advantage for the categorical task and a right hemisphere 
advantage for the coordinate spatial task. However, older 
adults were slower to process information and provide 
spatial judgements. The results, therefore, did not clarify if 
age exerted a selective negative impact on the two kinds of 
processing. Again, this gap should be filled in future 
research. 

 An important basic spatial ability is object location 
memory. Sharps and Gollin [82] reported that memory for 
objects and their spatial locations was more facilitated in 
older than younger adults when items were studied in a 
distinctive visual context. In Cherry and Park [83] younger 
and older adults had to study and later recreate an 
arrangement of small objects that were placed on a plain map 
or a visually distinctive context. The objects were either 
unrelated or categorically related. The results indicated that 
the distinctive context enhanced spatial memory in all age 
groups, whereas working memory resources accounted for 
an important proportion of age-related variance in memory 
for spatial location. Uttl and Graf [84] studied memory for 
spatial locations within a museum and a secretarial office. In 
Experiment 1 the subjects were 302 visitors (years from 15 
to 74) to the museum; in Experiment 2 subjects were two 
groups of young and older adults. The results showed an 
age-related decline that appeared around the sixties. Cherry 
and Jones [85] assessed the effects of structural and 
organizational spatial context on memory for an arrangement 

of dollhouse furniture pieces in younger and older adults. For 
half of the participants, landmark objects and a floor plan 
beneath the array served as structural context. Organizational 
context was varied by grouping items either randomly or 
prototypically. Landmark structural cues improved younger 
adults' performance, whereas both groups benefited from the 
floor plan. Connelly and Hasher [86] compared older and 
younger adults on a composite object location task. They 
found evidence that inhibition of identity and location may 
function separately within the dorsal and ventral visual 
streams. The findings are discussed in terms of reduced 
inhibitory efficiency of irrelevant information in the elderly. 

 Overall, these studies tell us that contextual factors and 
attentional/executive resources play a major role in the 
spatial memory decline normally associated with healthy 
aging. However, it is not clear which specific contextual 
factors are particularly susceptible to age effects and how 
they interact with executive factors. 

3.5. Visuospatial Abilities and Mental Imagery 

 Mental imagery can be defined as a perceptual-like 
representation of external objects or scenes that is able to 
simulate a sensory-motor interaction with the environment in 
absence of actual sensorial stimuli [36]. In this domain, 
mental rotation and mental scanning of spatial images have 
been among the firsts and most studied imagery processes, 
possibly because they helped to clarify the spatial nature of 

imagery [87,88]. 

 Research on mental rotation has shown that this ability 

declines with age [e.g. 89-92]. 

 Craik and Dirkx [93] reported a negative impact of age 
on visuospatial imagery using three different tasks: the 
Brooks Letter Test (subjects have to imagine walking along 
a block letter and describe the way), the East-West Test 
(subjects have to state the direction they are facing after 
changing direction), and the Clock Test (subjects have to 
state whether the hands of an imagined clock subtend an 
angle greater than 90°). Dror and Kosslyn [94] studied the 
effects of aging on four components of mental imagery: 
image generation, image maintenance, image scanning, and 
image transformation. The authors found a progressive 
impairment with age in image generation and rotation, but 
not in image maintenance and scanning. Further studies 
about generation and maintenance of mental images 
confirmed this trend and showed a prevalence of self-related 
images in the old [95,96]. 

 Finally, some works addressed the topic of how metric 
properties, such as distance, are processed by means of a 
mental scanning paradigm [88]. Brown, Kosslyn and Dror 
[97] found that as the scanning distance increased perceptual 
and mental scanning of a small squared grid became harder 
for the elderly than it did for the younger. Iachini, Poderico, 
Ruggiero and Iavarone [71] adopted a mental scanning 
procedure that was adapted to an ecological situation: young 
and old participants had to study by vision and locomotion a 
real 3-D pathway and then had to mentally explore it. The 
results showed that aging had a negative impact on the 
quality of metric information embedded in mental maps of 
that environment. Elderly people retrieved the various 
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positions in their correct order, but were not able to depict 
consistently in their mental map the different distances. 

3.6. Visuospatial Abilities and Navigation  

 A review of the literature [98] shows a clear decline of 
spatial abilities in the elderly when abstract laboratory tasks 
are used, whereas the decrement seems to reduce with more 
familiar tasks set in ecological contexts. For example, elderly 
people can cope effectively with several everyday spatial 
tasks [99]. Kirasic [100] found no negative effect of age 
when elderly people had to perform their spatial tasks in a 
familiar environment. Elderly participants can cope 
effectively with tasks requiring self-orientation in familiar 
environments and tend to judge their sense of direction more 
positively than the younger [90]. 

 However, even in more ecological tasks there is evidence 
showing that age has a negative impact on various 
navigational abilities: selecting and remembering landmarks 
[101], learning unfamiliar routes [99,100], inferring 
distances and directions among locations [102], and finding 
the way [68]. A number of studies have found that older 
adults tend to perform worse than young adults on many 
measures of memory for routes [103]. Age differences 
favoring young adults have also been reported in learning 
how to navigate through real [104,105] or virtual [106] 
environments. Typically, in a route learning task participants 
have to explore a real path or a fictitious map and then to 
answer various questions. Salthouse and Siedlecki [107] 
investigated whether the age-related decline in navigational 
abilities is due to reduced efficiency in route selection. The 
results confirmed a moderate decline in measures of the 
efficiency of route selection as age increased from 18 to 93 
years. This finding is consistent with the results of similar 
studies [108] and suggests that the age-related decline is due 
to a deficit in the planning of the pathway rather than in its 
execution. 

 Finally, a very popular task to assess navigational 
abilities is the Morris Water Maze test (MWM). In its 
standard version it is settled in a circular pool and the aim is 
to reach an invisible platform, located under the water level. 
As the target is not visible, it must be located with reference 
to several cues. Several versions of MWM have been 
designed to test human participants [109]. Moffat and 
Resnick [106] adopted virtual reality to test healthy elderly 
participants in MWM. They found that old participants, as 
compared to young adults, covered a greater distance to 
locate the hidden target, took shorter and showed greater 
difficulty to set up a cognitive map of the environment. 
Moffat and co-workers [110] also used the Virtual Water 
Maze to assess possible relationships between navigational 
abilities and structural integrity of hippocampal and 
extrahippocampal brain regions. The results confirmed that 
age-related deficits in navigational ability do not depend 
solely on the hippocampus but are also associated with larger 
regional volumes of multiple cortical and subcortical 
structures. 

4. VISUOSPATIAL ABILITIES IN AD AND MCI 

 At a first look, works measuring visuospatial abilities in 
AD and MCI patients and reporting disturbances are huge, 

about 709 articles. A closer reading led us to restrict our 
interest to few articles and to exclude the remaining for two 
main reasons: the terms visuospatial and visual were 
sometimes used as synonymous in reference to tasks 
requiring visual analysis of object properties; the assessment 
of visuospatial abilities often relied on measures poorly 
specified from a cognitive point of view. In our opinion, a 
careful identification of the task demands is essential in 
order to understand both the nature of the affected cognitive 
processes and the sequence in which such effects may occur. 

 For example, many researchers use constructional tasks 
that require participants to copy or to remember complex 
figures such as the Rey-Osterrieth test [4,111-115], the most 
used in the literature. Similarly, the Block Construction from 
the Performance subtests of the Wechsler Adult Intelligence 
Scale-Revised [116,117] requires to arrange painted wooden 
blocks in order to copy a design formed by the examiner or 
shown on a diagram. Both tests make demands on several 
cognitive components, including planning and praxis, as well 
as visuospatial abilities; this complexity does not allow to 
separate the relative contribution of visuospatial and 
executive components. Some works use the Raven’s Colored 
Progressive Matrices [118] to assess visuospatial abilities 
[111,113,114]. Although the Raven test implies visual and 
geometric materials, assesses a complex and general ability 
such as abstract reasoning. Finally, other researchers use the 
Tower of London [119] and the Trail Making Test [120], 
that can be better considered as executive function tests, 
even if a visuospatial component may be implied. 

 Some tests clearly tap visuospatial abilities: Clock 
Drawing [121], Benton Line Orientation [122] and Dot 
Counting [123]. In all these cases, perceptual discrimination 
of simplistic visual stimuli is measured. To measure 
topographical orientation, it is often used the Money Road 
Map test [124] in which subjects have to trace a route on a 
map while identifying left and right turns [125,126]. Route-
description and map-drawing tests are usually adopted to 
evaluate Topographical Disorientation in AD patients, but 
they are ambiguous in their task demands [10]. As an 
example, one could draw a map of a familiar environment by 
recalling either the route usually covered or the mental 
survey map of that environment: the final output would be 
the same although resulting from different spatial strategies 
(respectively egocentric/route and allocentric/survey). We 
selected about 20 studies investigating visuospatial 
disturbances in AD and MCI patients and using specific 
perceptual spatial tasks. 

 As regards spatial memory, the Corsi test is usually used 
to measure the short-term sequential memory span. It 
consists of a set of nine identical blocks arranged irregularly 
on a board. Participants have to reproduce the sequences of 
blocks of increasing length as tapped by the experimenter in 
forward-recall order and sometimes in backward-recall order 
[127,128]. The final score corresponds to the span length, 
that is the maximum level of block-tapping sequences 
reproduced. 

 About ten studies, discussed below, devised tasks that 
successfully removed the confounding elements of 
constructional praxis and object identity processing, and 
required memory for simple spatial arrangements or complex 
routes/environments.  
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4.1. Visuospatial Perceptual Abilities in AD and MCI  

 The staging of visuospatial deficits in AD has not been 
investigated extensively and the few attempts to examine the 
relationship between patterns of deficit and age of patients 
are still inconclusive [4,123,129]. Initial interest in 
visuospatial abilities was motivated by the heterogeneity of 
deficits characterizing AD and the possibility to distinguish 
different subgroups of patients [130]. In these studies 
visuospatial abilities were assessed at perceptual level. 
Martin and colleagues [4,131] identified two subgroups of 
similar size (about 20% of their overall sample in each 
domain): one showed impairment of word-finding ability 
with preserved visuospatial and constructional skills, 
whereas the other one showed the opposite profile. The 
remaining group showed global cognitive decline. Complex 
tasks were used to assess the visuospatial domain (Rey, 
Block Design and Mosaic comparisons). Becker and 
colleagues [129] identified similar groups with focal deficits, 
although the percentage of visuospatial AD was only 5%. 

 Mendez and colleagues [5] used several visuoperceptual 
tasks, including object, face and color recognition and form 
discrimination, to examine visual disturbances in AD 
patients. Deficits in spatial localization and object 
recognition were present in half the sample, which ranged 
from mild to severe stages of the disease. They concluded 
that complex visual disturbances such as deficits in figure-
ground discrimination, visual object recognition and spatial 
localization are common in AD. 

 Kaskie and Storandt [132] used a complex test, the 
Visual Form Discrimination, to compare very mild and mild 
AD patients with healthy controls and found visuospatial 
deficits in several AD patients. Kurylo and colleagues [133] 
found that scores on tests of visual processing did not 
correlate with severity of dementia and suggested that visual 
deficits may reflect the heterogeneity of neuropathological 
changes rather than overall disease progression. Nordlund 
and colleagues [134] examined attention, memory and 
learning, visuospatial functions, language and executive 
functions in MCI patients and matched controls. The results 
showed impairments in all five cognitive domains. 

 The assessment of visuospatial abilities first 
demonstrated the heterogeneity of degenerative deficits and 
then led to the hypothesis that they could represent an early 
predictor of AD [135]. For example, interest in possible 
visual mechanisms underlying topographical disorientation 
in AD patients led to hypothesize that early visual motion 
perception deficits could precede navigational impairments 
[136]. Mapstone and colleagues [125] compared young and 
older healthy adults with MCI and AD patients in perception 
of panoramic visual motion stimuli. One fifth of the older 
adults, one third of the patients with MCI, and half of the 
patients with AD showed pervasive impairments of visual 
motion perception that correlated with poorer performance 
on the Money Road Map test. In line with O’Brien and 
colleagues [136], the authors suggested that visuospatial 
deficits may develop as an early sign of neurodegenerative 
disease.  

 Pursuing the visuospatial hypothesis, Rizzo and 
colleagues [137] compared mild AD patients and healthy 
controls on tests measuring visual perception and general 

cognition. AD patients showed deficits in static spatial 
contrast sensitivity, visual attention, shape-from-motion, 
visuospatial construction and visual memory. The findings 
are compatible with the hypothesis that neurodegenerative 
processes involve multiple visual neural pathways and visual 
dysfunctions may contribute to decrements in other cognitive 
domains. 

 In a PET study, Fujimori and colleagues [138] assessed 
spatial vision and object vision (based on the Milner and 
Goodale’s model [46]) in 49 patients with mild-to-moderate 
AD. Spatial vision was tested by means of the Visual 
Counting test, whereas object vision by means of the 
Overlapping Figure Identification and the Visual Form 
Discrimination tests. The results showed that the visual 
spatial disturbance was correlated to the metabolic rate of the 
bilateral inferior parietal lobules, whereas the visual object 
disturbance was correlated to the right middle temporal 
gyrus and the right inferior temporo-parietal metabolism. 

 Caine and Hodges [123] examined the staging of 
visuospatial and semantic deficits in 26 minimal/ mild AD 
patients and healthy controls to determine whether 
visuospatial deficits may occur prior to the presence of 
semantic deficits. They emphasized that psychometric tests 
must be highly specific as regards the underlying cognitive 
requirements. Visuospatial abilities were assessed by tests 
based on visual perception: Line Orientation, Object 
Decision (where participants had to decide whether line 
drawings depicted real or unreal items) and Object Matching 
(where participants had to recognize a target object between 
two distractors: same object from an unusual view or 
different object but visually similar). In a second study the 
Visual Object and Space Perception Battery was used 
(VOSP) that included the Dot Counting test and two tests of 
positional discrimination. A small group of early AD 
patients showed visuospatial deficits and poor episodic 
memory without coexisting semantic impairment, and this 
suggested that damage can occur in occipito-parietal or 
parietal regions at an earlier stage than currently recognized. 
This study deserves some comments. First, Caine and 
colleagues [123] have the merit of adopting tests of spatial 
perception independent of executive, praxic or object-based 
components, although these tests used quite abstract and 
simplistic elements and did not assess more ecological 
situations. Second, the association of visuospatial and 
episodic memory deficits might imply that damage in 
visuospatial cerebral areas is primary and is responsible for 
memory losses, as discussed below.  

 In a fMRI study, Vannini and co-workers [139] 
investigated the visuospatial cerebral networks in 18 MCI 
patients. Along three years, they were periodically submitted 
to an extensive battery of tests that included: WAIS-R, Rey-
Osterrieth Copy and Retention Test, Rey Auditory Verbal 
Learning Test [140], and Trail Making Test A and B [141]. 
To assess visuospatial abilities an angle discrimination task 
was adopted. The authors concluded that MCI patients who 
progress to AD revealed a reduced neuronal efficacy during 
execution of the angle-discrimination task. Furthermore, the 
increased activation in the left hemisphere in MCI converters 
suggested that compensatory mechanisms might be activated 
before the onset of clinical symptoms of AD.  
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 In conclusion, all these studies raised the possibility that 
visuospatial abilities could represent an early predictor of 
subsequent disease. However, as the testing was limited to 
the perceptual level of spatial processing, the relative 
contribution of the visuospatial modality to the well-known 
memory deficits and its possible anticipatory role was not 
assessed. 

4.2. Visuospatial Memory Deficits in AD and MCI  

 There are few recent studies about the visuospatial 
modality in the memory process of AD and MCI patients. In 
the past years, it has been showed that memory for spatial 
locations [142], spatial patterns [143] and object locations in 
a grid [144] is impaired in AD patients as compared to 
normal controls. Apart from some recent investigations, 
there are no systematic data about AD and MCI patients. 
Here we review those few studies assessing basic and 
navigational visuospatial memory processes and adopting 
clearly defined tasks (see Table 2 below). 

 Vecchi and colleagues [145] compared 16 early-stage 
AD patients with a healthy elderly group in order to 
determine the contribution of passive and active processes in 
the limitations of working memory functions observed in 
AD. There were four tasks: a verbal passive task, a verbal 
active task, the Corsi test and a visuospatial active task 
(Mental pathway). The results showed that AD patients 
performed less accurately than the control group in all tasks, 
but the deficit was maximized with active verbal and spatial 
processes. Therefore, a clear impairment of executive 
processes was confirmed while the staging of verbal and 
spatial deficits remained unclear, presumably because of the 
lack of MCI patients in the sample.  

 Lineweaver and colleagues [146] submitted AD patients 
to a mental rotation task and found that accuracy decreased 
as rotational angle increased. According to the authors, the 
spatial manipulation deficit of AD patients may reflect 
pathology in parietal and temporal lobes. 

 Some works have found an impairment in visuospatial 
short-term memory as measured by the Corsi test in very 
mild and mild AD patients [111] and in AD patients 
followed for two years [113]. The authors suggested that 
visuospatial deficits might constitute an early predictor of 
AD and that cognitive decline may be better predicted by 
deficits diffused in linguistic and visuospatial domains. 

 Toepper and co-workers [147] compared 13 AD patients 
with elderly controls on several tests (Block Suppression, 
clock drawing, digit-word transformation, verbal memory 
span). Interestingly, the Corsi test was used in forward and 
backward orders. The results showed that in AD patients the 
active inhibition of irrelevant stimuli and the Corsi backward 
span were significantly reduced, confirming the substantial 
impairment in attentional and executive resources. 

 Kessels and colleagues [148] investigated object-location 
memory in 18 AD patients and a matched control group by 
using an ecologically valid computer task in which 
participants had to remember the locations of objects in 
common rooms. There were colored photographs of eight 
domestic rooms and 80 everyday objects that were 
semantically related to these rooms. Participants had to learn 
the locations of various objects and next to relocate these 

objects to their original locations. The results showed an 
impairment of explicit but not implicit spatial memory in AD 
patients. This suggests that the preservation of implicit 
memory in AD extends to the spatial domain, and this could 
have an important rehabilitative value.  

 Kavcic and colleagues [126] compared 15 AD patients 
and matched controls to assess navigational impairments in 
AD. They measured visual motion evoking potentials 
responses to optic flow simulating observer self-movement 
to verify how these potentials were linked to navigational 
performance. Participants were submitted to a 
neuropsychological battery that included visuospatial tests 
such as the Money Road Map and the Judgement of Line 
Orientation and to a real-world navigational task. 
Participants were led with a wheelchair along a route and 
then asked several questions that assessed their knowledge of 
the route, of the landmarks and both. Afterwards, there were 
three route learning tasks: re-trace the route by indicating 
which turn was taken previously, point to several locations 
from the starting/finishing positions and draw the route on a 
map. There were three landmark tasks: name as many 
landmarks as possible from the route, name features that 
could help in finding the way along the route and recognize 
views of the route depicted on photographs. Two tasks 
assessed the integration of route and landmark knowledge: 
identify which direction allowed to see the viewpoint shown 
on photographs and indicate the direction and extent of 
movements shown on video clips. The results showed that 
the navigational impairment in AD patients was linked to a 
disorder of extrastriate visual cortical motion processing that 
was reflected in specific perceptual and memory measures of 
spatial abilities. 

 deIpolyi and collaborators [114] compared 13 mild AD 
and 21 MCI patients with matched controls on a route-
learning task and a neuropsychological battery. In the route-
learning task, subjects were led along a novel route through a 
Care Center. Subsequently, they had to repeat the route by 
giving themselves the proper directions and to draw the route 
on a map. Next, subjects were shown with three sets of 
photographs and had to recognize: photographs of objects 
and places along the route (Landmark Recognition), the 
position of places along the route (Landmark Location) and 
the order in which several targets were encountered along the 
route (Order Memory). Finally, subjects were asked to 
traverse the route from the end to the start and were 
submitted to a pointing task. A subsample also took part in a 
neuroimaging study to determine the neural correlates of the 
tested spatial abilities. The results showed that AD and MCI 
patients recognized landmarks as effectively as controls, but 
could not find their locations on maps or recall the order in 
which they were encountered. Half of AD and one-quarter of 
MCI patients got lost on the route, compared with less than 
10% of controls. Patients who got lost had lower right 
posterior hippocampal and parietal volumes than patients 
and controls who did not get lost. The ability to identify 
locations on a map correlated with right posterior 
hippocampal and parietal volumes, whereas order memory 
scores correlated with bilateral inferior frontal volumes. In 
sum, the navigational disability in AD and MCI patients 
involved a selective impairment of spatial cognition, 
presumably concerning the capacity to represent 
environmental  information  at  route level. This  deficit  was 
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Table 2. Relevant Studies Investigating Visuospatial Abilities in Healthy Elderly, AD and MCI  

 

References Year Sample/s Main Visuospatial Task/s Results 

[143] 1988 
12 AD, 27 PD and 39 

matched NC 
Computerized tests of visuospatial memory 

The AD patients were severely impaired in the 
visuospatial memory task 

[142] 1992 
15 mild AD, 16 moderate 

AD and 16 NC 
Spatial order and spatial recognition memory 

tasks 

Mild AD patients were impaired in memory for 
early serial positions, while moderate AD patients 

on all serial positions for both spatial order and 
spatial recognition memory 

[144] 1997 
19 AD, 12 VAD and 29 

NC 
Location Learning Test (LLT) 

The AD and VAD patients were impaired in the 
LLT 

[145] 1998 16 AD and 16 NC 
A verbal passive task, a verbal active task, Corsi 
test, a visuospatial active task (Mental pathway) 

AD had lower performances than NC. The deficit 
was maximized in active processes 

[148] 2005 
18 AD and 18 matched 

NC 
Rooms Task 

Impairment of explicit spatial memory in AD, but 
no difference with the control group on implicit 

spatial memory 

[146] 2005 
18 AD, 18 HD, 36 

matched NC 
A computer based mental rotation test 

The accuracy of AD patients decreased with 
increasing angle of orientation 

[126] 2006 15 AD and 15 NC 
Money Road Map test, Judgement of Line 

Orientation test, a real-world navigational task 

AD patients showed deficits of visual motion 
processing and were not able to link navigational 

information into an integrated cognitive map of the 
environment 

[111, 113] 
2006, 

2007 

36 AD (18 Very mild 
AD, 18 mild AD) and 17 

NC 

43 AD: 22 fast CD and 

21 slow CD 43 in a 
longitudinal study (24 

months) 

Corsi test 
AD patients were impaired in Visuospatial short-

term memory 

[8] 2007 8 AD, 8 MCI and 8 NC 
Visual short-term memory (VSTM), and 

visuospatial short term memory (VSSTM) tasks 
VSTM and VSSTM deficits in MCI and AD 

patients, VSSTM deficits were more severe in AD 

[114] 2007 
13 mild AD, 21 MCI and 

24 matched NC 

A route-learning task (RTL) comprising: RLT-
Forward, Landmark Recognition, Landmark 
Location, Order Memory, RLT-Reverse and 

Dead Reckoning sub-tasks 

AD and MCI patients recognized as many 
landmarks as controls, but could not find their 

locations on maps or recall the order in which they 

were encountered 

[9] 2007 
21 AD, 36 MCI, 8 SMC 

and 26 NC 
Adaptation of MWM 

Impairment in the allocentric component of spatial 
memory in aMCI, overall spatial impairment in AD 

and multiple domain aMCI 

[147] 2008 13 AD and 13 NC 
Block Suppression, clock drawing, digit-word 
transformation, verbal memory span, Corsi test 

(backward and forward) 

AD patients were impaired in active inhibition of 
irrelevant stimuli and in backward span 

[149] 2008 29 aMCI and 30 NC 
Brief Visuospatial Memory Test-Revised 

(BVMT-R), Digit Symbol incidental recall 

Early neuroanatomical changes in the hippocampus 
and entorhinal cortex in aMCI cause the 

impairment of the ability to integrate associative 

information in memory 

 

Abbreviations: AD = Alzheimer’s disease patients; MCI = mild cognitive impairment patients; aMCI = mild cognitive impairment patients amnestic domain; 

NC = normal control participants; SMC = elderly people with subjective memory complaints; PD = Parkinson’s disease; HD = Huntington’s disease patients; 

VAD = vascular dementia patients; MWM= Morris Water Maze. 
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associated with atrophy of the right-lateralized navigation 
network. Therefore, we can comment that by joining the 
behavioral methods of cognitive psychology and the 
neuroimaging techniques of neuroscience, this study was 
able to detect parallel changes at behavioral and 
neurofunctional level in the navigational abilities. Notably, 
the authors adopted navigational tasks that required specific 
processing components within the complex domain of spatial 
memory. The extensive spatial impairments observed in MCI 
patients suggest that navigation tests may help to find out 
early markers of dementia.  

 Troyer and colleagues [149] compared 29 individuals 
with amnestic MCI and 30 matched controls on standardized 
tests of object–location recall and symbol–symbol recall. 
The amnestic-MCI group showed marked deficits in the 
ability to integrate associative information in memory, and 
this was attributed to early neuroanatomical changes in the 
hippocampus and the entorhinal cortex. According to the 
authors, then, associative memory deficits may represent an 
early cognitive sign of AD. 

 Finally, two recent studies suggest interesting hypotheses 
about the predictive role of specific spatial memory 
processes. Alescio-Lautier and colleagues [8] compared 8 
MCI and 8 AD patients with healthy controls to determine 
which modality, i.e. visual or visuospatial, is more 
implicated in the early memory impairment typical of AD. In 
the visual short term memory (VSTM) task, patients had to 
encode a composite image comprising various concrete 
objects and to recognize whether these images changed or 
not. In the visuospatial short term memory (VSSTM) task, 
patients had to encode the location of similar images and had 
to recognize if the entire pattern changed or not its position. 
A span control task was used to determine the number of 
images with which patients could perform the recognition 
task at their memory capacity level. After each presentation, 
a target image was presented at three different intervals 
(1sec, 10sec, 30sec) and the participants had to recognize if 
images (VSTM) or locations (VSSTM) had changed. In 
order to disentangle the relative contribution of attentional 
resources in the memory impairment, for half trials a 
distractor in the interval between the presentation and the 
recognition was presented. Results showed VSTM and 
VSSTM deficits in MCI and AD patients as compared to 
elderly healthy controls, with the spatial performance being 
worse than the visual one. MCI patients had an intermediate 
performance between controls and AD patients. However, 
cognitive memory profiles differed between MCI and AD 
patients depending on the modality tested and this indicated 
an alteration of different processes. Indeed, AD patients 
presented a greater deficit in the visuospatial modality than 
MCI patients and were differently affected by the 
experimental manipulations. In the visual recognition task, 
AD patients had more difficulty with the no change 
condition (in which images were the same) than the change 
condition, whereas this did not happen with MCI patients. 
The incapacity to detect no change was explained by the 
phenomenon of attentional blink: a temporary functional 
blindness to the second of sequentially presented stimuli. 
Further, the span measure could have affected the VSTM 
task with more errors as the number of images increased. In 
the VSSTM task the set of images can be considered as a 
whole and this should have facilitated the performance, 

although it did not. Consequently, the deficit in the VSTM 
task might depend on the number of images, whereas in the 
VSSTM task it should be due to the spatial component rather 
than the visual one. When the distractor was presented in the 
VSTM task, more errors appeared at 1sec interval than in 
other intervals. Instead, the visuospatial task was not so 
sensitive to the presence and timing of the distractor. The 
visual recognition deficit, then, could derive from an 
impairment in disengaging-engaging attention in MCI and 
AD patients. The overall results, therefore, suggest that 
deficits in visual recognition are secondary to impairments in 
attentional and executive resources, whereas deficits in 
spatial recognition are primary and reflect a genuine spatial 
disorder. They might also imply that visuospatial short-term 
deficits appear earlier than visual short-term ones in the 
disease progression. Studies based on the complementary 
assessment of attentional resources and visuospatial 
memory, then, could help to identify the cognitive origin and 
the neurofunctional bases of the deficits shown by MCI and 
AD patients, and this is necessary to understand the staging 
of the deficits and their predictive value.  

 Hort and colleagues [9] investigated navigation deficits 
in AD and MCI patients in order to assess which spatial 
components of navigational ability could represent a positive 
marker of subsequent AD and in which sub-group of MCI 
patients this marker is present. The sample included 26 
normal controls, 21 AD patients, 8 elderly people with 
subjective memory complaints (SMC) and 3 groups of MCI 
patients sub-classified according to the Petersen’s criteria: 7 
nonamnestic (naMCI), 11 amnestic single domain (aMCI), 
18 amnestic multiple domain (aMCImd). They adopted the 
MWM test in a version that allowed to discriminate the 
allocentric and egocentric components of navigational 
ability. Participants were required to locate an invisible goal 
inside a circular arena, and to this purpose they could use 
either egocentric cues (the relationship between the goal and 
their starting position) or allocentric cues (external features). 
The results showed strong differences in the patterns of 
spatial navigation impairments among the subtypes of MCI. 
The AD and aMCImd groups were impaired in all 
conditions, whereas the naMCI and SMC groups were 
similar to controls. Finally, the aMCI group showed a 
specific impairment in the allocentric processing. The 
similarity of spatial navigation impairments in the aMCImd 
and AD groups confirmed that aMCImd could represent an 
advanced prodromal stage of dementia, whereas aMCI could 
represent an even earlier stage [25]. In sum, the authors 
suggest a developmental course starting from aMCI to 
aMCImd and finally to AD. The impairment in the 
allocentric component of spatial memory could allow the 
monitoring of the disease progression and could help in 
detecting the early stages preceding AD. 

4.3. Neurofunctional Evidence in AD and MCI  

 On the basis of histological and neuropathological 
evidence, AD is characterized by degeneration of neurons 
and their synapses and by the appearance of neurofibrillary 
tangles and senile plaques that are considered generally 
linked to the hippocampus atrophy [150]. Studies 
investigating the changes in the levels of markers of tangle 
and plaque formations in the cerebrospinal fluid (CFS) have 
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shown a detectable potential index for diagnosis of 
conversion to degenerative dementia [151]. In particular, it 
seems that tangles and plaques, initially accumulated many 
years before the clinical onset of the disease, could correlate 
with the severity of the disease [152]. The degeneration 
seems to prefer cerebral structures such as the 
transentorhinal and the entorhinal cortexes, the hippocampus 
and, then, the neocortical associative areas. This involvement 
can explain the dysfunction of encoding and storing 
information that reflects deficits at the level of consolidation 
of information [6]. Furthermore, Apostolova and co-workers 
[150] found that a high risk for conversion from MCI to AD 
is associated with increased involvement of the hippocampal 
subregion (CA1) and the subiculum. As pointed out by 
Killiany and co-workers [153], the atrophy of some mesial 
temporal lobe structures could represent a predictor for the 
conversion from MCI to AD. Thompson and colleagues 
[154] reported losses of grey matter being faster in the left 
hemisphere than in the right one distinctively in AD with 
respect to normal aging.  

 Still, by adopting single photon emission computed 
tomography (SPECT) and positron emission tomography 
(PET), many studies demonstrated reduced blood flow and 
metabolic deficits in temporoparietal cortices in patients with 
AD [155]. Furthermore, damage in parietal cortex could 
indicate impairments in visuospatial processes that can be 
recognized in the early clinical stages of AD [156]. 
Accordingly, evidence from functional magnetic resonance 
imaging (fMRI) examining brain activation evoked by 
visuospatial processing, showed decreased activation in the 
dorsal visual pathway as well as compensatory recruitment 
of remote brain areas in AD patients [157]. From this 
perspective, Vannini and associates [139] argued that 
compensatory mechanisms may mask the starting 
degenerative process by determining functional changes. The 
same authors hypothesized that an increased parietal 
activation in MCI patients could reflect a reduced neuronal 
efficacy due to accumulating AD pathology as proof of a 
compensatory mechanism.  

 Given a predominance of temporal lobe damage, 
especially in early stages of AD, Kurylo and colleagues 
[133] suggested that it may be particularly useful to assess 
the dorsal-ventral streams, especially in relation to visual 
tasks. Visuoconstructional dysfunction in AD patients is 
significantly correlated with a lower metabolism in the right 
parietal cortex [158] or in the bilateral occipital and temporo-
parietal regions [159]. Pietrini and colleagues [160] showed 
that patients with visuospatial symptoms had larger 
metabolic deficits in the bilateral parietal and occipital 
cortices than did patients without the symptoms. 

CONCLUSIONS: SPATIAL MEMORY AND 
ALZHEIMER'S DISEASE 

 A great effort has been devoted to the definition of 
behavioral, biological and neurofunctional correlates which 
could predict the conversion of MCI in AD, but most studies 
have focused on verbally-mediated memory disorders. 
Surprisingly, in contrast with the number of studies 
addressed to disentangle the multiple cognitive processes 
subtending (normal) spatial memory, both with methods of 
cognitive psychology and neuroscience, there are relatively 

few studies aimed at evaluating disorders of spatial memory 
in AD.  

 We believe it is worth exploring this topic for the 
following reasons. First, a progressive disorder primarily 
involving memory (including spatial memory) could be 
assumed as a theoretical paradigm to get insights into the 
nature of normal spatial memory. Second, the AD is a 
degenerative disease primarily involving brain structures 
(hippocampus and medial temporal lobes) heavily implicated 
in spatial memory processes. Consequently, studies on pre-
clinical stages of AD (namely, the MCI), or AD in its early 
stages, could be assumed, with some limitations, as a 
"lesional" paradigm to evaluate the role of these structures in 
the complex organization of spatial memory. Studies on 
patients with focal brain damage have the limitation given by 
the wide heterogeneity of the site, extension and nature of 
the lesion, which prevent to carry on studies on large cohorts 
of subjects. Patients with AD or MCI, conversely, do not 
undergo these limitations, given the putative pathogenetic 
homogeneity of the disease and the relative simplicity to 
match them according to general cognitive functioning. 
Third, data from visuospatial functioning could be of great 
aid to detect patients in early stages of AD, in such a way to 
contribute to a timely diagnosis of dementia and to detect 
subjects with MCI at higher risk to develop AD. 

 In the above paragraphs it has been shown that spatial 
memory is heavily dependent on brain structures which 
exhibit a particular vulnerability to both normal aging and 
degenerative dementia. As shown in Fig. (2), the 
hippocampus, the fronto-parietal network and the temporal 
lobe are strongly involved in spatial memory. Researches 
indicate that the neurodegeneration in AD primarily disrupts 
hyppocampus, which accounts for the early appearance of 
anterograde episodic amnesia. However, the hyppocampus is 
also strongly implicated in visuospatial processes, like 
topographic orientation and allocentric processing, and this 
may account for the symptoms of spatial disorientation 
which may precede, in some cases, disorders of episodic 
memory. Furthermore, temporal-parietal areas, which are 
related to spatial and visuo-constructive abilities, are early 
involved in AD. The converging evidence about the neural 
circuits subserving normal spatial memory and about the 
evolution of the cerebral degenerative process suggests that 
subtle disorders of spatial functions could be associated with 
MCI and/or be considered a putative "cognitive marker" of 
risk of conversion to AD. However, if we aim at identifying 
very early pre-dementia states we have to adopt a research 
strategy that is able to detect functional changes before 
structural changes become evident. As suggested by Vannini 
and colleagues [139], a reduced metabolic rate in specific 
cerebral areas may precede future damages. To this purpose, 
it is necessary to join neuroimaging techniques and 
neuropsychological knowledge with experimental paradigms 
derived from cognitive psychology. Indeed, there is need of 
tasks clearly specified in their cognitive processing 
components and in the concepts measured in order to put 
forward hypotheses about the specific cerebral areas 
involved and about the correlation between behavioral 
changes and metabolic rate in those areas.  

 The results discussed above suggest that deficits in 
spatial memory may play an important role in this research 
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strategy. The impairment of the allocentric component of 
spatial memory found by Hort and colleagues [9] may 
underlie navigational deficits and, more importantly, deficits 
in broader cognitive processes such as object recognition 
[35,46]. Alescio-Lautier and colleagues [8] attributed visual 
recognition deficits in MCI and AD patients to attentional 
factors. In normal aging several cognitive deficits are 
mediated by a reduction in attentional and working memory 
resources: from this point of view only a quantitative 
difference between AD patients and healthy elderly would 
appear. Instead, spatial deficits seem primary and not 
secondary to attentional factors, consequently they could 
represent a qualitative marker of departure from normal 
aging. Further, if they were primary we could even speculate 
that the well-known episodic memory deficits might be due 
to spatial memory impairments or rather they may coexist. 
Nowadays there is not enough experimental evidence to state 
that spatial memory deficits occur earlier than other deficits 
in the disease progression, but there is enough matter to 
suggest deeper scientific investigation. 
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