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REVIEW

Dysgraphia in dementia

Naida L. Graham

University Neurology Unit, University of Cambridge and MRC Cognition and Brain Sciences Unit, Cambridge, UK

Abstract

This paper reviews the spelling and writing deficits associated with the major forms of dementia. In dementia of the
Alzheimer’s type (DAT), the finding of surface dysgraphia is typical, although not universal, and with disease
progression non-phonologically plausible errors often increase; additional difficulties with handwriting are common.
Surface dysgraphia is a predictable feature in semantic dementia, but in contrast to DAT, the mechanics of handwriting
are usually preserved. In patients with posterior cortical atrophy [including some (atypical) DAT patients], spatial
dysgraphia is an early symptom. Spelling and writing disorders have been documented, although not thoroughly
studied, in other forms of dementia (e.g. vascular, frontal, dementia with Lewy bodies, etc.). Research on dysgraphia in
dementias associated with movement disorders (e.g. cortico-basal degeneration, progressive supranuclear palsy,
Huntington’s disease, etc.) has focused mainly on problems with writing, which is often poorly formed, but spelling
impairments have also been observed. The precise characteristics and prevalence of spelling disorders in these
diseases are, however, unknown as there has been little systematic study. Additional investigations, which assess both
central (linguistic) and peripheral aspects of writing, and which include a longitudinal component, will help to elucidate
the nature and progression of dysgraphia in different types of dementia.

Introduction

Dysgraphia is a disorder in writing or spelling, and is a subsequently been used interchangeably with the term ‘dys-
graphia’ (McCarthy and Warrington, 1990). Ogle distingu-common symptom in a variety of dementias. The first
ished two types of dysgraphia, which affect either linguisticdescription of a dysgraphic impairment in a dementia patient
or motor aspects of writing, and which arise from corticalwas provided by Alois Alzheimer (1907; translated in 1977),
lesions. In ‘amnemonic agraphia’, letters are well formed,who observed omissions and duplications of written syllables.
but incorrect letters or words may be produced, while inSince that time, the neuropsychological impairments in the
‘atactic agraphia’ letters are poorly formed and often illegible.dementias have been extensively investigated, but the dys-
This general distinction between linguistic and motor factorsgraphic deficits have received relatively little attention.
in writing is now universally accepted. Using more recent
terminology [coined by Ellis (1982)], central dysgraphias
arise from a linguistic problem affecting the spelling system,Historical overview of research on dysgraphia
while peripheral dysgraphias reflect a modality-specific dis-

Until the 1980s, research on disorders of spelling and writing order affecting writing, oral spelling or typing.
almost exclusively involved patients with stable brain lesions, The rise of the information-processing approach in the
rather than the progressive atrophy seen in dementia. Studies 1970s led to a change in the study of dysgraphia. Prior
were mainly focused on describing syndromes and attempting to that time, classifications of dysgraphia revolved around
to localize them anatomically. The earliest report of writing neuroanatomical locations or aphasic categories. Sub-
impairment caused by cortical lesions was published in 1856 sequently, researchers following the information-processing
by Marcé [cited in Hécaen et al. (1963)]. Jackson (1864, approach sought to specify the underlying processes involved
1866) also provided early descriptions of dysgraphic patients in writing and spelling, and to identify those that may be
and noted that writing and speech can be damaged separately. disturbed in dysgraphic patients. Classifications of dysgraphia
The term ‘agraphia’ was coined apparently independently by came to be based upon hypothesized functional loci of
both Benedikt [1865; cited in Leischner (1969)] and Ogle damage in models of spelling and writing. These models will

now be described.(1867) to refer to acquired disorders of writing, and has
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Models of spelling basis of knowledge about the spelling of words is again
gaining favour because of the recent success of implementedThe dual-route model
models of spelling, in which both lexical and non-word
spelling are accomplished by one mechanism (see below).For nearly two decades, the dual-route model has dominated

the field of spelling research, and has motivated much
progress. The model was based upon a pre-existing model Connectionist models of spelling
of reading, originally developed by Marshall and Newcombe
(1973), and adapted some years later to explain processes in Connectionist models are a relatively recent alternative to

symbolic information-processing models, such as the dual-spelling (Morton, 1980; Newcombe and Marshall, 1980;
Ellis, 1982). Since then, the model has been elaborated route model. They are composed of neuron-like processing

units with weighted connections between the units; know-somewhat, but in essence has changed little. There are
thought to be two basic procedures involved in spelling ledge is represented as graded patterns of activation across

the units. Connectionist models are often implemented as(Ellis, 1982; Margolin, 1984; Goodman and Caramazza,
1986; Patterson, 1986, 1988; Baxter and Warrington, 1987; computer simulations, and can learn to associate input and

output patterns without being given explicit rules; ‘learning’Ellis and Young, 1988; Shallice, 1988; McCarthy and War-
rington, 1990; Hillis and Caramazza, 1991; Barry, 1994; entails repeated exposure to an association between patterns

of activation across different sets of units, which leads theZesiger and de Partz, 1997): (i) accessing stored orthographic
representations of specific known words, generally known as model gradually to change the weights on the connections

(in accordance with the particular learning algorithm builtthe lexical or lexical–semantic procedure; and (ii) deriving
the spelling of any word (particularly unfamiliar or nonsense into the model). In this way, multiple associations can be

learned by the same set of connections. Models can bewords) on the basis of sound-to-spelling correspondence rules,
referred to as the non-lexical, assembled or phonological damaged by removing units or connections, or by adding

random noise to the weights, thereby allowing researchers toprocedure. There are different variants of the dual-route
model, and a third route is often included; this involves simulate the behaviour of patients with brain damage.

A small number of modellers have attempted to simulateaccessing orthographic representations for output directly
from phonological input representations, without involving the generation of the spelling of words (Brown et al.,

1991; Loosemore et al., 1991; Brown and Loosemore, 1994;the semantic system, and is referred to as the lexical non-
semantic, or lexical phonological, route. Bullinaria, 1994, 1997; Olson and Caramazza, 1994). Perhaps

the most significant result from these simulations is that theOnce the spelling of a word has been accessed or derived,
the relevant graphemes (i.e. abstract representations for networks were able to learn to spell both the regular and

exception words in the training set, and also to generalize toletters) are held in the graphemic buffer (also known as the
orthographic buffer), while more peripheral output processes the spelling of novel words outside the training corpus, using

only one mechanism. This was done without either a lexiconare executed. This stage is common to all three spelling
routes, and damage here would lead to a similar spelling or explicit phoneme–grapheme conversion rules, and is in

contradiction with the dual-route model, which suggestsimpairment in all output modalities.
that regular and exception words are spelled via separate
mechanisms. A version of the dual-route model has alsoSpelling by analogy
recently been implemented (Houghton and Zorzi, 1998).

Campbell (1983) noted that the two routes in the dual-route
model are not clearly distinguishable, and suggested that Models of peripheral output processes in writing
lexical and assembled spelling are accomplished by the same and oral spelling
mechanism. She reasoned that spelling of non-words may be
accomplished by utilizing the spelling of similar sounding As noted above, once the spelling of a word has been

accessed or derived, abstract representations of the letters inwords in an ‘analogical lexically based parsing system’. This
theory, which has subsequently become known as ‘spelling the word are temporarily stored in the graphemic buffer

while peripheral output processes are executed. For writing,by analogy’, is notable because it was, until recently, the
only significant alternative to the dual-route model, but it the first stage beyond the graphemic buffer is the allograph

level, where information about physical letter shapes (includ-has been criticized on a number of grounds. For example,
Shallice (1988) noted (as did Campbell) that if non-word ing upper and lower case, script and print, etc.) is specified

(Ellis, 1982); allographs are sometimes referred to as physicalspelling is accomplished by lexical analogy, then damage to
the orthographic lexicon should lead to a non-word spelling letter codes (Margolin, 1984; Margolin and Goodman-

Schulman, 1992). Patients with impairment at the allographicimpairment because the number of words on which analogies
could be based would be reduced; but in contrast with this level have difficulty with recalling letter shapes, but once a

letter has been recalled or made available to copy, theyprediction, lexical and non-word spelling impairments are
not always associated. It seems, however, that Campbell’s fluently produce well-formed letters. The next stage in the

production of written output involves accessing graphic motorgeneral idea that non-word spelling is accomplished on the
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patterns that specify the strokes required to form each with breakdown at multiple levels in the writing process.
These will be outlined in turn.letter (Ellis, 1982; Margolin, 1984; Margolin and Goodman-

Schulman, 1992). Production of poorly formed letters (in the Narrative writing in DAT. Assessments of narrative writing,
in which patients are asked to write a sentence (Folstein andabsence of general motor or praxic deficits) is usually

attributed to impairment in selection or execution of graphic Breitner, 1981; Kumar and Giacobini, 1990; LaBarge et al.,
1992; Kemper et al., 1993) or a description of a picturemotor patterns. For oral spelling, the first stage beyond the

graphemic buffer involves accessing the names of letters, and (Horner et al., 1988; Neils et al., 1989; Henderson et al.,
1992; Croisile et al., 1995, 1996; Carey et al., 1999), havethe next involves execution of articulatory motor programmes

(Margolin and Goodman-Schulman, 1992). shown a range of impairments. The written output produced
by DAT patients was found to be shorter than that of controls
(Neils et al., 1989; Henderson et al., 1992; Kemper et al.,Dysgraphia in dementia
1993; Croisile et al., 1995, 1996), and to contain less
information (Henderson et al., 1992; Kemper et al., 1993;Dementia can occur in a variety of disease processes which

impair intellectual functioning, and until recently was charac- Croisile et al., 1995, 1996). In addition, errors in vocabulary
(e.g. semantic substitutions or neologisms) (Horner et al.,terized as a global or generalized intellectual impairment.

Advances in diagnosis have demonstrated, however, that in 1988; Neils et al., 1989; Henderson et al., 1992; LaBarge
et al., 1992; Croisile et al., 1996) and syntax (Horner et al.,the early stages the diseases that cause dementia tend to

produce distinct and often focal neuropsychological deficits 1988; Croisile et al., 1996) may be prominent, even though
DAT patients tend to use simpler grammatical constructionswhich reflect the disease topography (Hodges, 2000). A more

current definition of dementia describes it as an acquired, than controls (e.g. fewer subordinate or embedded clauses)
(Kemper et al., 1993; Croisile et al., 1996). The vocabularyoften progressive decline in memory, plus one or more

additional aspects of cognitive functioning, including lan- errors and reduced information content are hypothesized to
be related to the semantic impairment that is typical in DATguage, visuospatial or perceptual skills, praxis, abstract think-

ing and judgement, and personality and social behaviour (Neils et al., 1989; Kemper et al., 1993). Intrusion of incorrect
or irrelevant information marred the output of some DAT(American Psychiatric Association, 1994; Hart and Semple,

1994; Hodges, 1994). patients (Horner et al., 1988; Croisile et al., 1996), as did
perseveration on previously used words, phrases or ideasThe dysgraphic deficits associated with different types of

dementia will now be outlined. The interpretation of these (Horner et al., 1988). Some studies reported that a minority
of patients produced poorly formed letters, and/or spatiallydeficits in current models of spelling and writing will also

be explicated. disordered output (Horner et al., 1988; LaBarge et al., 1992;
Croisile et al., 1996). Taken together, these results indicate
that the narrative writing of DAT patients shows many typesAlzheimer’s disease (AD)
of deficit. This is not surprising, given that the task requires
the complex integration of multiple cognitive functions.Although Alzheimer’s initial report of a patient with this

disease was published in 1907, the disease did not become Central or linguistic dysgraphia in DAT. Many of the studies
involving narrative writing demonstrated that DAT patientsa focus of extensive study until the 1980s, and work since

then has been prolific. The first studies which examined the produce more spelling errors than controls (Horner et al.,
1988; Neils et al., 1989; Henderson et al., 1992; LaBargedysgraphic deficits in dementia of the Alzheimer’s type

(DAT) did so as a small part of test batteries which assessed et al., 1992), but greater progress in understanding the nature
of the spelling impairment has been achieved using tasks inmultiple cognitive functions, or addressed clinical issues,

and the assessments of spelling or writing were, therefore, which patients are asked to write or spell orally single
words to dictation. This type of task enables researchers tosomewhat superficial. These early studies established that

dysgraphia is a common symptom in DAT (Folstein and manipulate linguistic variables that are pertinent to spelling.
As will be outlined below, there is some inconsistency acrossBreitner, 1981; Appell et al., 1982; Seltzer and Sherwin,

1983; Breitner and Folstein, 1984; Cummings et al., 1985, studies, but the finding of surface dysgraphia is the most
common. This type of spelling impairment (also known as1988; Kertesz et al., 1986; Whitworth and Larson, 1989),

and that this impairment is often more severe than the lexical agraphia) is characterized by impaired spelling of
words with exceptional or unpredictable sound-to-spellingspoken language impairments (Appell et al., 1982; Kertesz

et al., 1986). correspondences (e.g. cough, yacht), with a tendency to
produce phonologically plausible errors (e.g. tomb → TOOM,Perhaps the earliest paper that focused specifically on

written output in DAT (Behrendt, 1984) aimed to provide crane → CRAIN). Spelling of regular words or non-words
is better preserved, as phoneme-to-grapheme conversion skillsinformation for document examiners, who deal with wills,

codicils, etc. Although the data set presented was rather are typically unaffected. This pattern of performance finds a
ready explanation in the dual-route model of spelling: damagemeagre, results demonstrated that handwriting may progress-

ively deteriorate, and that spelling errors may be observed. to the lexical spelling route leads to reliance upon assembled
spelling. Most studies of patients with surface dysgraphiaSubsequent work has demonstrated that DAT is associated
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have focused on patients with stable brain lesions resulting be attributable to individual differences in patients, in stage
of disease (in both studies patients were in the early stagesfrom stroke or head injury, but this syndrome was first

documented in DAT patients by Rapcsak et al. (1989). Results of their illness), or in the sensitivity of the spelling tests used.
Glosser et al. (1999a,b) found that although the spellingshowed normal spelling of both regular and non-words, but

the patients were impaired at spelling exception words, scores of DAT patients were depressed relative to controls,
the overall pattern of performance in the two groups wasand tended to produce phonologically plausible errors. The

researchers noted that the surface dysgraphia observed in the similar. The exception to this was that the patients showed a
‘slightly’, although significantly, larger effect of regularity.DAT patients was ‘clinically indistinguishable’ from that

observed in patients with focal lesions. The similarity in the spelling performance of the two groups
led the authors to conclude that the patients’ impairment wasFurther studies (Platel et al., 1993; Croisile et al., 1995;

Hillis et al., 1996) have confirmed that patients with mild not caused by a deficit specific to orthographic processing.
This claim was supported by noting that in the literature,dementia tend to produce phonologically plausible spelling

errors, and have also shown that as the disease progresses deficits outside the orthographic system have been found to
correlate with spelling performance, including attentional,patients make increasing numbers of non-phonologically

plausible errors. Thus, patients are initially better at spelling visuospatial, graphomotor and apraxic problems. One diffi-
culty with this interpretation is that although these deficitsregular than exception words (i.e. they show a regularity

effect), but as the non-phonologically plausible errors can disrupt spelling and/or writing, they would not be
expected to lead to a larger effect of regularity in patientsincrease, spelling of regular words and non-words becomes

affected. Similar findings were documented in a longitudinal than controls.
One final study of spelling in DAT warrants mention.study of two patients with progressive left temporal atrophy

in association with presumed Pick’s disease (Graham et al., Penniello et al. (1995) combined a behavioural study of
writing regular words, exception words and non-words to1997). On the dual-route model of spelling (described above),

these results would be interpreted as an initial impairment in dictation with PET measurements of glucose metabolism. In
line with the cognitive findings described above, amongstthe lexical spelling route, followed by an additional problem

in the assembled route. Interestingly, this pattern of perform- the DAT patients whose spelling was impaired, the most
common pattern was one of disrupted spelling of exceptionance was observed in an implemented model of spelling

(Olson and Caramazza, 1994) in which familiar and novel words, suggesting surface dysgraphia. The neuroanatomical
results indicated selective involvement of two left-hemispherewords are spelled by the same procedure (unlike in the

dual-route model); mild damage to the network led to regions, the supramarginal gyrus and the angular gyrus, in
phonological and lexical processes of spelling, respectively.phonologically plausible errors, while more severe damage

led to a greater number of errors, many of which were non- It is clear from this brief review that there is no single
predictable pattern of spelling ability or impairment associ-phonologically plausible.

The correlates of the non-phonologically plausible spelling ated with DAT. It does seem, however, that once the disease
has progressed beyond the early stages, spelling impairmenterrors have been examined. Béland et al.’s (1999) detailed

single-case study of a DAT patient showed that greater is inevitable. The most often reported pattern is one of surface
dysgraphia in the mild stages of disease, followed by anphonological complexity in the stimuli led to more non-

phonologically plausible errors, suggesting that these errors increase in non-phonologically plausible errors as the disease
progresses.arise from a phonological impairment; for the purpose of

the study, stimuli deemed to be phonologically complex Peripheral dysgraphia in DAT. Although most research on
dysgraphia in DAT has focused on the central spellingincorporated a syllabic context that is forbidden in at least

one world language, while phonologically simple stimuli deficits, there is also evidence of peripheral dysgraphia. For
example, production of poorly formed or illegible letters hascomprised onset-rime syllables. In contrast with Béland et al.,

Neils et al. (1995a) found that the production of non- been reported by several researchers (Behrendt, 1984; Horner
et al., 1988; LaBarge et al., 1992; Platel et al., 1993; Neilsphonologically plausible errors was correlated with impair-

ment on attentional tasks such as letter cancellation and digit et al., 1995b; Piras et al., 1998). Impaired letter production
is usually a relatively late feature, emerging only when thespan, and suggested that impairment in attentional processing

has a detrimental effect on the functioning of the graphemic disease has reached a moderate stage (Platel et al., 1993),
and eventually rendering some patients unable to writebuffer. Their finding that spelling was adversely affected by

increased word length is consistent with this hypothesis, since (Rapcsak et al., 1989; Platel et al., 1993).
Neils et al. (1995b) did not, however, find a systematiclength effects are expected in graphemic buffer impairment

(Caramazza et al., 1987). relationship between dementia severity and ‘graphomotor
impairment’. Moreover, the qualitative description providedSome studies have tried but failed to find effects of

regularity or lexicality. The DAT patients studied by Neils by Piras et al. (1998) suggested that problems with handwrit-
ing appear early in the course of DAT. Similarly, Neils-and Roeltgen (1994) and Aarsland et al. (1996) were equally

impaired on spelling regular and exception words and non- Strunjas et al. (1998) reported a case study of a DAT patient
whose peripheral dysgraphia was apparent even when hiswords. The discrepancy with the results outlined above may
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dementia was mild; he produced frequent letter formation Semantic dementia. Spelling impairment is a prevalent feature
in SD. It has often been noted that these patients tend toerrors, and in addition tended to perseverate on strokes and
produce phonologically plausible spelling errors on wordsletters, a finding which is not commonly reported in DAT.
with unpredictable or exceptional spellings (Baxter andAlthough no imaging or pathological data were reported, the
Warrington, 1987; Snowden et al., 1989, 1992, 1994, 1996a,b;authors speculated (on the basis of relevant literature) that
Diesfeldt, 1992, 1993; Patterson and Hodges, 1992; Parkin,the writing deficit resulted from right parietal dysfunction.
1993; Hodges et al., 1995, 1998; De Bleser et al., 1996;This seems plausible given that the pattern of the dysgraphia
Hodges and Patterson, 1996; Kertesz and Munoz, 1997;in this patient is consistent with that seen in posterior cortical
Kertesz et al., 1998; Schwarz et al., 1998). Preserved spellingatrophy (see below); this type of atrophy can be caused by
has also been reported, but rarely (Lauro-Grotto et al., 1997;AD, although the associated dementia (and dysgraphia)
Schwarz et al., 1998). Handwriting is generally thought todiffers somewhat from that in typical DAT (Kiyosawa et al.,
be unimpaired (Warrington, 1975; Snowden et al., 1989,1989; Berthier et al., 1991; Ross et al., 1996).
1996a,b; Schwartz and Chawluk, 1990; Diesfeldt, 1993;A peripheral writing deficit involving poorly formed letters,
Scholten et al., 1995; Schwarz et al., 1998), presumablysuch as that observed in typical DAT, is likely to arise from
because the abilities upon which it depends are typicallyfunctional impairment at the level of graphic motor patterns.
preserved in SD (e.g. praxis, visuospatial and construc-Hughes et al.’s (1997) results are consistent with this, and
tional skills).indicate that DAT patients may typically have an additional

Three single-case studies and one group study have exam-deficit at the allographic level. These authors tested DAT
ined the spelling skills of SD patients in detail. Althoughpatients with either minimal or mild dementia on copying
none of the case studies stated that the patients involved had(e.g. b → b, F → F) and cross-case transcription (e.g. b → B,
SD, each of the three patients fulfilled diagnostic criteria,F → f) of single letters. The minimally impaired subgroup
and has subsequently been assigned this label (KT and TOB:showed normal performance on these tasks. In contrast, the
Patterson and Hodges, 1992; Sasanuma and Patterson, 1995;more impaired subgroup showed a deficit on cross-case
WLP: Hodges et al., 1998). The data reported in the casetranscription, particularly when responding in lower case, as
studies confirmed the qualitative descriptions (outlinedwell as a milder impairment on copying of lower (but not
above), in showing that the patients had a spelling impairmentupper) case letters. The selective impairment in producing
characterized by a tendency to produce phonologically plaus-lower case letters is difficult to interpret; it could arise from
ible spelling errors (Schwartz et al., 1979; Baxter anddifferential difficulty (perhaps lower case letters require more
Warrington, 1987; Parkin, 1993).complex motor planning or are less visually distinctive than

Graham et al. (2000) provided a detailed study of spellingupper case letters), but this seems unlikely to be the (entire)
skills in a group of SD patients. Results indicated thatexplanation because, across patients, case doubly dissociates
impairment in spelling is a predictable feature in the syn-[see, for example, Patterson and Wing, 1989; Kartsounis,
drome, except in the earliest stages of disease. All 14 of the1992; Graham et al., 1997). The disproportionate deficit on
patients studied exhibited spelling deficits, and longitudinaltranscription would result from a breakdown at the allographic
follow-up of seven patients revealed further deteriorationlevel, where information about the shapes of letters is accessed
in spelling. Performance on words with unpredictable or(Ellis, 1982; Margolin, 1984; Margolin and Goodman-Schul-
exceptional sound-to-spelling correspondences was mostman, 1992). An additional deficit, at the level of graphic motor
affected, and the majority of errors were phonologicallypatterns, must be hypothesized to explain the impairment on
plausible. Non-word spelling was preserved in most patients,letter copying.
and there was little difference between written and oral
spelling. The spelling impairment was correlated with, and
was attributed to, the semantic deficit. This result wasFrontotemporal dementia
predicted on the basis of the connectionist model of lexical

Patients with progressive frontal and/or temporal lobe atrophy processing developed by Seidenberg and McClelland and
were first reported a century ago by Arnold Pick [1892; cited colleagues (Seidenberg and McClelland, 1989; Plaut et al.,
in Hodges (1993)], but the term ‘frontotemporal dementia’ 1996), in which the computation of orthography from phono-
was adopted only recently (Lund and Manchester Groups, logy is partly mediated by semantics.
1994). There are three prototypic variants of frontotemporal Non-fluent progressive aphasia. Investigations of the spoken
dementia, which produce distinct neurobehavioural syn- language deficit in NFPA have been numerous, particularly
dromes (Neary et al., 1998): semantic dementia (SD), in the last decade, but as is often the case, written language
non-fluent progressive aphasia (NFPA), and the frontal variant skills have received little attention. Croot (1997) reviewed
(dementia of the frontal type, DFT). A further variant, in all cases of NFPA described in the (English language)
which relatively pure progressive dysgraphia was associated literature between 1982 (when a paper by Mesulam stimulated
with left temporal lobe atrophy, has also been reported. The interest in the syndrome) and 1997. Writing skills were
dysgraphia associated with these variants will be discussed described (mostly qualitatively) in 41 of 63 cases, and were

considered to be impaired in 34 (82.9%). Thus, the majorityin turn.
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of NFPA cases showed a writing deficit. This deficit is often cases consisted of difficulty with producing letters, particu-
said to ‘mirror’ the spoken language impairment, in that larly in lower case, without a model to copy.
writing may be telegraphic and contain morphological errors
(Holland et al., 1985; Mesulam and Weintraub, 1992b;
Snowden et al., 1992, 1996b; Snowden and Neary, 1993; Posterior cortical atrophy (PCA)
Grossman et al., 1996), and become progressively more

PCA was initially described by Benson et al. in 1988. Thetelegraphic on follow-up (Holland et al., 1985; Weintraub
dementia is dominated by problems with visual function,et al., 1990; Mesulam and Weintraub, 1992b; Grossman
including visual agnosia, dyslexia, and features of Balint’set al., 1996). Although spoken and written language may
syndrome (visual disorientation, optic apraxia and simultan-decline in parallel (Weintraub et al., 1990; Mesulam and
agnosia). Other aspects of cognitive functioning are, at leastWeintraub, 1992a), it is often reported that patients with
initially, relatively preserved. Atrophy is in the occipito-NFPA use writing to aid communication (Holland et al.,
temporal or occipitoparietal areas, and may be caused by1985; Weintraub et al., 1990; Mesulam and Weintraub, 1992a;
different pathologies, including AD, subcortical gliosis andKertesz et al., 1994). Some patients, usually in the early
Creutzfeldt–Jakob disease (Berthier et al., 1991; Victoroffstages of their illness, have normal spelling, but impairment
et al., 1994).in this domain is a common finding (Weintraub et al., 1990;

Dysgraphia is a one of the main features of the dementiaCaselli and Jack, 1992; Mesulam and Weintraub, 1992a;
associated with PCA (Benson et al., 1988). Problems withSnowden et al., 1992, 1996b; Snowden and Neary, 1993;
writing are often apparent at presentation, and increase inKertesz et al., 1994; Greene et al., 1996; Hodges and
severity as the illness progresses, frequently to a point ofPatterson, 1996; Watt et al., 1997). The types of errors have
complete inability to write (Kiyosawa et al., 1989; Graff-only rarely been described, but seem to be generally non-
Radford et al., 1993; Levine et al., 1993; Ross et al., 1996).phonologically plausible, and include omissions or transposi-
Most descriptions in the literature of the dysgraphia in PCAtions of letters (Kartsounis et al., 1991; Snowden et al.,
are clinical (Benson et al., 1988; Kiyosawa et al., 1989;1996b). It has also been noted that the motoric aspects of
Berthier et al., 1991; Graff-Radford et al., 1993; Victoroffwriting may be executed somewhat slowly, although letters
et al., 1994; Perez et al., 1996; Rogelet et al., 1996), but aare well formed (Kartsounis et al., 1991; Snowden et al.,
small number of studies have provided relevant data1996b).
(Freedman et al., 1991; Levine et al., 1993; Ross et al., 1996;Frontal variant of frontotemporal dementia. Despite growing
Ardila et al., 1997). The dysgraphia is mainly peripheral, ofteninterest in DFT and the associated language problems, spelling
characterized by severe problems with legibility, placementand writing skills in this syndrome have received little study,
of letters on a page, appropriate spacing between letters orthe few descriptions in the literature being mainly qualitative.
words, and writing on a line; in addition, letters and strokesFor example, Snowden et al. (1996b) noted that written
may be omitted or added (Levine et al., 1993; Rogelet et al.,output may be reduced, and irrelevant in content, possibly
1996; Ross et al., 1996; Ardila et al., 1997). This writingbecause of general problems in attention, motivation and
disorder is referred to as ‘spatial dysgraphia’ (Hécaen andmonitoring. Perseveration in writing, at the level of the
Marcie, 1974; Ardila and Rosselli, 1993) or ‘afferent dys-sentence, has also been observed (Snowden and Neary, 1993).
graphia’ (Ellis et al., 1987). Some studies have also reportedSpelling skills are preserved in some patients, although others
a central spelling impairment in patients with PCA (Bensonmay show (unspecified) spelling impairment (Snowden et al.,
et al., 1988; Freedman et al., 1991; Graff-Radford et al.,1996b). Poor spelling has also been reported in the comparat-
1993; Ross et al., 1996; Ardila et al., 1997). The nature ofively rarer syndrome which combines DFT and motor neuron
the errors has only rarely been characterized, but Ardila et al.’sdisease (Ferrer et al., 1991).
results showed that their patient was surface dysgraphic. InPrimary progressive dysgraphia. This novel dementia syn-
contrast, one of the patients reported by Ross et al. (Case 1,drome was described by Graham et al. (1997), who reported
the only one in whom the errors were described) produceda patient whose presenting and predominant symptom was
non-phonologically plausible errors consisting of letter omis-dysgraphia. The dysgraphia was associated with left temporal
sions or substitutions.lobe atrophy, but was not accompanied by the selective

Taken together, these studies illustrate that the dysgraphiasemantic deficit seen in semantic dementia. Ultimately, the
in PCA is most likely to be peripheral and to show featurespatient developed semantic impairment, but this occurred in
of spatial dysgraphia; this is presumably due to the severethe context of a fairly generalized dementia. A second
visual problems associated with PCA. When there is apatient exhibited a similar dysgraphic syndrome, but this was
spelling disorder, the nature may vary, presumably with theaccompanied by a striking anomia, even at presentation. Both
precise neuroanatomical location of the pathology, and/orpatients showed initial surface dysgraphia and, over time,
disease severity. Further studies will be required to learnshowed an increasing tendency to produce non-phonolo-
whether spelling impairment is ubiquitous in PCA, and ifgically plausible spelling errors; these eventually dominated

performance. An additional peripheral dysgraphia in both there is a typical pattern of progression.
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Dementia with Lewy bodies (cortical Lewy body the WAB writing subtest than DAT patients with equivalent
severity and duration of dementia. Moreover, in contradictiondisease)
with Powell et al.’s (1988) findings, the writing subtest was

Dementia with Lewy bodies was recognized as a separate
one of the most useful tests for discriminating between the

clinico-pathologic entity, and diagnostic criteria defined
patient groups. Kertesz and Clydesdale also observed that

(McKeith et al., 1996) only relatively recently. In addition
vascular patients had particular difficulty (relative to DAT

to the pure syndrome, caused by (mainly) cortical Lewy
patients) with writing letters to dictation and copying of a

bodies, some authors have reported the existence of an
sentence, suggesting greater impairment on the peripheral

overlap syndrome in which both Lewy bodies and plaques
aspects of writing. This deficit could have arisen at the

(a feature of AD) are observed on neuropathological examina-
allographic or graphic motor pattern levels, but further

tion of the brain (Hansen et al., 1990; Cercy and Bylsma,
investigation would be needed to confirm and specify this

1997; Connor et al., 1998; McKeith, 1998). The neuropsycho-
hypothesis, and to determine whether this is a typical pattern

logical impairments seen in dementia with Lewy bodies have
in vascular dementia. Carey et al. (1999) compared vascular

really only been studied over the last 10 years, and little
and DAT patients on a narrative writing task, and (in contrast

attention has been paid to the skills of spelling and writing.
with Powell et al., who observed no difference between

I know of no study that has examined these skills in patients
groups on a similar task, see above) found that the vascular

with purely Lewy body pathology, but two included relevant
dementia patients were more impaired: they produced more

tasks as a minor component of studies comparing the Lewy
spelling errors and grammatically simpler sentences, and had

body variant (LBV) of AD with pure AD (Hansen et al.,
greater difficulty with writing in straight horizontal lines.

1990; Connor et al., 1998). Hansen et al.’s (1990) results
This indicates that the vascular dementia patients were

indicated that patients with LBV were poorer at writing
impaired on both central and peripheral aspects of writing.

words to dictation than AD patients with a similar severity
One study provided a detailed investigation of the spelling

of dementia, but neither the stimuli nor the errors were
impairment in a patient with vascular dementia (Lesser,

described, so the nature of the dysgraphia in LBV was not
1990). Patient TF showed an unusual deficit: he could not

illuminated. Connor et al. (1998) found that LBV patients
write words to dictation unless he spelled them orally first.

did not perform as well as those with AD on writing a
Attempts to write dictated words (or letters) without prior

sentence, but again the errors were not described. Severe
oral spelling resulted in illegible strokes. TF also had a

visuospatial impairment is typical in dementia with Lewy
spelling deficit (observed on oral spelling) with features of

bodies (McKeith et al., 1996), and one of the studies
surface dysgraphia, implying difficulty in accessing the

comparing LBV and AD found that these skills were more
orthography of specific words. To explain the discrepancy

affected in the LBV group (Hansen et al., 1990). Thus, the
between oral and written spelling, Lesser suggested that

impairments in writing sentences, and words to dictation,
responses in the two modalities are derived from the spelling

may be due to a peripheral writing disorder caused by
system independently. This type of disorder could, however,

the visuospatial deficit. A central spelling disorder cannot,
have arisen from problems in peripheral aspects of the

however, be ruled out. Further studies will be required to
writing process.

elucidate the nature and frequency of dysgraphia in Lewy
Taken together, these studies suggest that patients with

body dementia.
vascular dementia may show impairment in both central and
peripheral aspects of the writing process, but this conclusion
is based on small numbers of data and subjects, and thereforeVascular dementia
must be taken with caution. The specific nature of the spelling
and writing deficits in vascular dementia has not yet receivedLittle is known about the nature or even the prevalence of

the dysgraphic deficits in vascular dementia because few systematic study.
studies have included relevant assessments. A small number
of investigations comparing neuropsychological deficits in Cortico-basal degeneration (CBD)
vascular dementia versus DAT have included assessment of
writing, and all found evidence of greater impairment in Although problems with writing are a common presenting

complaint in CBD (Rebeiz et al., 1968; Riley et al., 1990;vascular patients (Erkinjuntti et al., 1986; Powell et al., 1988;
Kertesz and Clydesdale, 1994; Carey et al., 1999). Two of Moreaud et al., 1996; Mimura et al., 1997; Blasi et al., 1999;

Graham et al., 1999), the dysgraphia in this clinico-pathologicthese studies evaluated performance on the writing subtest
from the Western Aphasia Battery (WAB). In the earlier one, entity has received little study. The difficulties with writing

presumably arise from the dyspraxia, which is a diagnosticPowell et al. (1988) found that vascular and DAT patients
with equivalent severity of dementia were equally impaired feature in CBD (Lang et al., 1994; Rinne et al., 1994), and

which may ultimately render sufferers unable to write. Moston narrative writing and writing to dictation, but the vascular
patients showed more problems with the mechanics of studies which examined the writing impairment in this illness

have provided only a qualitative description. For example,writing. The other study (Kertesz and Clydesdale, 1994)
found that vascular patients were more impaired overall on the patient studied by Moreaud et al. (1996) wrote slowly
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and hesitantly, and had difficulty forming individual letters. cramped, and ultimately illegible (Steele et al., 1964). Micro-
Graham et al.’s (1999) patient was able to execute the motor graphia has also been reported (Dix et al., 1971). Podoll
act of writing quite well, despite his dyspraxia, but he had et al. (1991) evaluated spelling as well as writing in their
difficulty with cross-case transcription of single letters (e.g. study of six (German-speaking) PSP patients, who were
a → A, D → d), seemingly because he had difficulty in asked to write seven words and three sentences to dictation
remembering the appearance of the letters; this suggests a (from the AAT). The legibility of writing was detrimentally
functional impairment at the allographic level in models affected in each patient, and this was attributed to loss of
of writing. dexterity in finger movements. The majority of spelling errors

Impairment in spelling has also been reported in CBD. (79%) involved omissions of letters, and omission of words
Graham et al. (1999) investigated this skill in their patient within sentences was also observed. This is an unusual
because it was a presenting complaint. Results showed that pattern of spelling disorder, and Podoll et al. speculated that
early in the course of his illness the patient was surface it may be due to problems with visual monitoring of writing,
dysgraphic, but on follow-up, non-phonologically plausible presumably resulting from the vertical gaze palsy that is
errors became the predominant error type. This pattern of typical in PSP. This seems unlikely to be the entire explana-
progression in spelling deficit has also been reported in tion, however, as lack of visual feedback during writing led
patients with DAT (see above). Another case study involving neurologically intact subjects to produce errors involving
a CBD patient reported an (unspecified) spelling impairment duplications of strokes and letters, as well as omissions
(Beatty et al., 1995), but spelling has not been extensively (Lebrun, 1976).
studied in this disorder, and one therefore cannot predict
whether most sufferers should be expected to have
impaired spelling. Parkinson’s disease (PD)

Difficulty with writing is an early and common symptom in
Huntington’s disease (HD) PD (Selby, 1990). Writing may be untidy and is often slow

(Margolin and Wing, 1983; Selby, 1990). In keeping withA thorough description of language functions in HD was
this, Cummings et al. (1988) found that PD patients wereprovided by Podoll et al. (1988), who administered the
more impaired than those with DAT on ‘writing mechanics’.Aachen Aphasia Test (AAT) to 45 (German-speaking)
Micrographia affects a minority of PD sufferers (McLennanpatients. Writing and spelling were assessed by having
et al., 1972): the size of writing is small, and often diminishessubjects write seven words and three sentences to dictation.
from the beginning to the end of a line. Studies have shownNot surprisingly, the involuntary choreiform movements that
that patients can voluntarily increase the amplitude of theirare a symptom of HD interfered with the execution of writing,
writing (at least temporarily) if they are given visual cuesand in severe cases led to inaccurate placement of letters,
(marks or lines on a page indicating the required size)inconsistency in the slant of letters within words, and large
or auditory reminders (McLennan et al., 1972; Oliveiravariations in the pressure exerted on the page. Two patients
et al., 1997).were prevented from writing by their chorea. A spelling

Investigations of the cause(s) of diminished writing sizedeficit characterized by omission, addition, substitution and
have focused on the allocation of time and force to strokesperseveration of letters was observed in the middle to later
in writing. Margolin and Wing (1983) found that a decreasestages of the disease. Although the authors attributed these
in letter size was associated with an increase in movementspelling errors to constructional impairment, this is not the
time, suggesting that the micrographia was not due toonly possible interpretation; the types of errors documented
slowness, but to inadequate force. When movements takeby Podoll et al. have also been reported in association with
longer, one would expect letters to get larger, rather thanhypothesized damage to the graphemic buffer—the temporary
smaller, if the force were unchanged. Van Gemmert et al.store where abstract graphemic representations are held while
(1999) also suggested that PD patients have difficulty inoutput processes such as writing are executed (Ellis, 1982;
maintaining the appropriate level of force needed in writingCaramazza et al., 1987). Further investigations of spelling,
to produce the appropriate stroke size.including oral spelling (which would not be affected by

Aside from the problems with the size of their writing,constructional difficulties) and a larger number of target
the PD patients studied by Margolin and Wing (1983)words of varying lengths (length effects are expected in
produced well-formed written output, which included thegraphemic buffer impairment), will be required to determine
appropriate strokes. This indicates that the writing impairmentthe functional locus of the spelling impairment in HD.
arises at a peripheral level, after information about the shapes
of letters has been accessed, and suggests problems with the

Progressive supranuclear palsy (PSP) execution of graphic motor programmes. The problem with
maintenance of adequate force is not, however, specific toStudies that have examined dysgraphia in PSP have focused
writing, as this mechanism has also been proposed as anmainly on disturbances in handwriting, rather than spelling.

Qualitative descriptions indicate that handwriting becomes explanation for hypometric movements in walking, arm
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movements, etc., in PD patients (see Van Gemmert et al., keeping with this, it would not be surprising that patients
with dementia are more likely than those with stable lesions1999).
to show more than one spelling impairment. A second possible
interpretation, however, is that the spelling impairments inConclusions
the two types of aetiologies are more similar than the
literature leads us to believe. The numerous reports of strongDysgraphia is a common symptom in dementia, and may

take varying forms. Although similar dysgraphic impairments dissociations between error types in patients with stable
lesions may give a misleading impression regarding theare sometimes associated with different dementia syndromes

or disease processes, assessments of spelling and writing frequency of occurrence of these dissociations. This is because
cases with stable lesions who make only or mainly one typemay have some relevance in differential diagnosis. For

example, although surface dysgraphia has been documented of error may be considered to be of greater interest, and may
therefore be more likely to be reported. On this interpretation,in both DAT and SD, problems with execution of graphic

motor patterns are more likely to occur in AD. Similarly, clear dissociations may be the exception rather than the rule.
Indeed, it has been noted that within the field of cognitivesymptoms of spatial dysgraphia suggest posterior cortical

atrophy, while observation of mainly non-phonologically neuropsychology, strong dissociations are rare and may
represent anomalies (Goldberg, 1995; Appelbaum and Bates,plausible spelling errors (arising from the central spelling

system, rather than problems with writing) in the early stages 1999). The results of a multiple single-case study (n � 53)
of spelling in aphasic patients with stable lesions (Luzzattiof dementia may indicate non-fluent progressive aphasia. The

latter suggestion is somewhat tenuous, however, as it is based et al., 1998) are consistent with this view: although many
patients showed dysgraphia, suggesting impairment primarilymainly on qualitative descriptions in the literature.

There is a paucity of investigations of the dysgraphic in either the lexical or assembled routes, this often occurred
in conjunction with a milder impairment in the alternate route,deficits associated with many (often rare) forms of dementia,

including NFPA, DFT, dementia with Lewy bodies, and suggesting that having more than one locus of impairment is
not uncommon in patients with stable lesions. Additionalvascular dementia. The spelling and writing deficits in these

syndromes are, therefore, not well understood. Similarly, the studies using unselected series of patients and stringent
criteria for dissociations would allow us to distinguishdysgraphic deficits in dementias associated with movement

disorders (e.g. CBD, HD, PSP and PD) are poorly docu- whether clear dissociations between error types are indeed
more likely to occur in patients with stable lesions, asmented. Because some of the symptoms in these dementias

can affect writing adversely (e.g. oculomotor difficulties, compared to those with dementia.
In conclusion, further research which is guided bydyspraxia, hyper- or hypokinetic movements, etc.), most

studies have focused on this aspect, and the spelling deficits information-processing models, and which assesses both
central and peripheral mechanisms in writing, will help(if any) have received little investigation.

The spelling deficits observed in dementia are generally us to understand the dysgraphic disorders in the different
dementias. In addition, although relevant longitudinal studiesparallel to those documented in patients with stable brain

lesions resulting from stroke or head injury, but are often have been carried out (e.g. Platel et al., 1993; Neils and
Roeltgen, 1994), they were done on a relatively short timeless pure: although similar types of errors are observed in

progressive and stable lesions, the distribution of these errors scale (of 1 year or less), and the change over such a short
time may be minimal. Longer-term studies would enable usseems to differ. There are numerous reports of patients with

stable lesions who produce mainly phonologically plausible to document dysgraphic deficits at different stages, and to
look at the evolution of the impairment(s).(e.g. Beauvois and Derouesné, 1981; Goodman-Schulman

and Caramazza, 1987; Rothi et al., 1987; Behrmann and
Bub, 1992; de Partz et al., 1992) or non-phonologically
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Hécaen H, Angelergues R, Douzenis JA. Les agraphies. Neuropsychologia Press, 1976: 1–30.
Leischner A. The agraphias. In: Vinken PJ, Bruyn GW, editors. Handbook of1963; 1: 179–208.

Henderson VW, Buckwalter JG, Sobel E, Freed DM, Diz MM. The agraphia clinical neurology. Vol. 4. Amsterdam: North-Holland Publishing Co., 1969:
141–80.of Alzheimer’s disease. Neurology 1992; 42: 776–84.

Hillis AE, Caramazza A. Category-specific naming and comprehension Lesser R. Superior oral to written spelling: Evidence for separate buffers?
Cognitive Neuropsychology 1990; 7: 347–66.impairment—a double dissociation. Brain 1991; 114: 2081–94.

Hillis A, Benzing L, Caramazza A. Dissolution of spelling in a patient with Levine DN, Lee JM, Fisher CM. The visual variant of Alzheimer’s disease:
A clinicopathologic case study. Neurology 1993; 43: 305–13.Alzheimer’s disease: Evidence for phoneme-to-grapheme correspondence

‘rules’. Brain and Language 1996; 55: 62–5. Loosemore RPW, Brown GDA, Watson FL. A connectionist model of
alphabetic spelling development and developmental and acquiredHodges JR. Pick’s disease. In: Burns A, Levy R, editors. Dementia. London:

Chapman and Hall, 1993: 739–52. dysgraphia. In: Hammond KJ, Gentner D, editors. Proceedings of the
Thirteenth Annual Conference of the Cognitive Science Society, Chicago.Hodges JR. Cognitive assessment for clinicians: A practical guide. Oxford:

Oxford University Press, 1994. Hillsdale, NJ: Lawrence Erlbaum, 1991: 61–6.
Lund and Manchester Groups. Clinical and neuropathological criteria forHodges JR. Memory in the dementias. In: Tulving E, Craik FIM, editors.

Oxford handbook of memory. Oxford: Oxford University Press, 2000: frontotemporal dementia. Journal of Neurology, Neurosurgery and
Psychiatry 1994; 57: 416–8.441–59.

Hodges JR, Patterson K. Nonfluent progressive aphasia and semantic dementia: Luzzatti C, Laiacona M, Allamano N, De Tanti A, Inzaghi MG. Writing
disorders in Italian aphasic patients: A multiple single-case study ofA comparative neuropsychological study. Journal of the International

Neuropsychological Society 1996; 2: 511–24. dysgraphia in a language with shallow orthography. Brain 1998; 121:
1721–34.Hodges JR, Graham N, Patterson K. Charting the progression in semantic

dementia: Implications for the organisation of semantic memory. Memory Margolin DI. The neuropsychology of writing and spelling: Semantic,
phonological, motor, and perceptual processes. Quarterly Journal of1995; 3: 463–95.

Hodges JR, Garrard P, Patterson K. Semantic dementia. In: Kertesz A, Munoz Experimental Psychology 1984; 36A: 459–89.
Margolin DI, Goodman-Schulman R. Oral and written spelling impairments.DG, editors. Pick’s disease and Pick complex. New York: Wiley-Liss, 1998:

83–104. In: Margolin DI, editor. Cognitive neuropsychology in clinical practice.
Oxford: Oxford University Press, 1992: 263–97.Holland AL, McBurney DH, Moossy J, Reinmuth OM. The dissolution of

language in Pick’s disease with neurofibrillary tangles: A case study. Brain Margolin DI, Wing AM. Agraphia and micrographia: Clinical manifestations
of motor programming and performance disorders. Acta Psychologica 1983;and Language 1985; 24: 36–58.

Horner J, Heyman A, Dawson D, Rogers H. The relationship of agraphia to 54: 263–83.
Marshall JC, Newcombe F. Patterns of paralexia: A psycholinguistic approach.the severity of dementia in Alzheimer’s disease. Archives of Neurology

1988; 45: 760–3. Journal of Psycholinguistic Research 1973; 2: 175–99.
McCarthy RA, Warrington EK. Cognitive neuropsychology: a clinicalHoughton G, Zorzi M. A model of the sound-spelling mapping in English

and its role in word and nonword spelling. In: Gernsbacher MA, Derry SJ, introduction. San Diego, CA: Academic Press, 1990.
McKeith IG. Dementia with Lewy bodies: Clinical and pathological diagnosis.editors. Proceedings of the Twentieth Annual Conference of the Cognitive

Science Society. Mahwah, NJ: Erlbaum, 1998: 490–5. Alzheimer’s Reports 1998; 1: 83–7.
McKeith IG, Galasko D, Kosaka K, Perry EK, Dickson DW, Hansen LAHughes JC, Graham N, Patterson K, Hodges JR. Dysgraphia in mild dementia

of Alzheimer’s type. Neuropsychologia 1997; 35: 533–45. et al. Consensus guidelines for the clinical and pathologic diagnosis of
dementia with Lewy bodies (DLB): Report of the consortium on DLBJackson JH. Clinical remarks on cases of defects of expression (by words,

writing, signs, etc.) in diseases of the nervous system. Lancet 1864; 2: 604–5. International Workshop. Neurology 1996; 47: 1113–24.
McLennan JE, Nakano K, Tyler HR, Schwab RS. Micrographia in Parkinson’sJackson JH. On a case of loss of power of expression; inability to talk, to

write, and to read correctly after convulsive attacks. British Medical Journal disease. Journal of the Neurological Sciences 1972; 15: 141–52.
Mesulam M-M. Slowly progressive aphasia without generalised dementia.1866; 192: 326–30.

Kartsounis LD. Selective lower-case letter ideational dysgraphia. Cortex 1992; Annals of Neurology 1982; 11: 592–8.
Mesulam M-M, Weintraub S. Primary progressive aphasia: Sharpening the28: 145–50.

Kartsounis LD, Crellin RF, Crewes H, Toone BK. Primary progressive non- focus on a clinical syndrome. In: Boller F, editor. Heterogeneity of
Alzheimer’s disease. Berlin: Springer-Verlag, 1992a: 43–66.fluent aphasia: A case study. Cortex 1991; 27: 121–9.

Kemper S, LaBarge E, Ferraro FR, Cheung HT, Cheung H, Storandt M. On Mesulam M-M, Weintraub S. Spectrum of primary progressive aphasia.
Baillière’s Clinical Neurology 1992b; 1: 583–609.the preservation of syntax in Alzheimer’s disease: Evidence from written

sentences. Archives of Neurology 1993; 50: 81–6. Mimura M, White RF, Albert ML. Corticobasal degeneration:
Neuropsychological and clinical correlates. Journal of Neuropsychiatry andKertesz A, Clydesdale S. Neuropsychological deficits in vascular dementia

vs. Alzheimer’s disease. Archives of Neurology 1994; 51: 1226–31. Clinical Neurosciences 1997; 9: 94–8.
Moreaud O, Naegele B, Pellat J. The nature of apraxia in corticobasalKertesz A, Munoz DG. Primary progressive aphasia. Clinical Neuroscience

1997; 4: 95–102. degeneration: A case of melokinetic apraxia. Neuropsychiatry,
Neuropsychology and Behavioral Neurology 1996; 9: 288–92.Kertesz A, Appell J, Fisman M. The dissolution of language in Alzheimer’s

disease. Canadian Journal of Neurological Sciences 1986; 13: 415–8. Morton J. The logogen model and orthographic structure. In: Frith U, editor.
Cognitive processes in spelling. London: Academic Press, 1980: 117–33.Kertesz A, Hudson L, Mackenzie IRA, Munoz DG. The pathology and

nosology of primary progressive aphasia. Neurology 1994; 44: 2065–72. Neary D, Snowden JS, Gustafson L, Passant U, Stuss D, Black S et al.
Frontotemporal lobar degeneration: A consensus on clinical diagnosticKertesz A, Davidson W, McCabe P. Primary progressive semantic aphasia: A

case study. Journal of the International Neuropsychological Society 1998; criteria. Neurology 1998; 51: 1546–54.
Neils J, Roeltgen DP. Does lexical dysgraphia occur in early Alzheimer’s4: 388–98.

Kiyosawa M, Bosley TM, Chawluk J, Jamieson D, Schatz NJ, Savino PJ disease? Journal of Medical Speech-Language Pathology 1994; 2: 281–9.
Neils J, Boller F, Gerdeman B, Cole M. Descriptive writing abilities inet al. Alzheimer’s disease with prominent visual symptoms: clinical and

metabolic evaluation. Ophthalmology 1989; 96: 1077–86. Alzheimer’s disease. Journal of Clinical and Experimental Neuropsychology
1989; 11: 692–8.Kumar V, Giacobini E. Use of agraphia in subtyping of Alzheimer’s disease.

Archives of Gerontology and Geriatrics 1990; 11: 155–9. Neils J, Roeltgen DP, Greer A. Spelling and attention in early Alzheimer’s
disease: Evidence for impairment of the graphemic buffer. Brain andLaBarge E, Smith DS, Dick L, Storandt M. Agraphia in dementia of the

Alzheimer type. Archives of Neurology 1992; 49: 1151–6. Language 1995a; 49: 241–62.
Neils J, Roeltgen DP, Constantinidou F. Decline in homophone spellingLang AE, Riley DE, Bergeron C. Cortical-basal ganglionic degeneration. In:



376 N. L. Graham

associated with loss of semantic influence on spelling in Alzheimer’s handed patient with a posterior lesion of the right cerebral hemisphere.
Brain and Language 1987; 30: 181–90.disease. Brain and Language 1995b; 49: 27–49.

Sasanuma S, Patterson K. Non-semantic reading in Kanji and English:Neils-Strunjas J, Shuren J, Roeltgen D, Brown C. Perseverative writing errors
Universal and language-specific features. In: de Gelder B, Morais J, editors.in a patient with Alzheimer’s disease. Brain and Language 1998; 63: 303–20.
Speech and reading: a comparative approach. Hove, East Sussex: ErlbaumNewcombe F, Marshall JC. Transcoding and lexical stabilization in deep
(UK) Taylor & Francis, 1995: 207–25.dyslexia. In: Coltheart M, Patterson K, Marshall JC, editors. Deep dyslexia.

Scholten IM, Kneebone AC, Denson LA, Fields CD, Blumbergs P. PrimaryLondon: Routledge & Kegan Paul, 1980: 176–88.
progressive aphasia: Serial linguistic, neuropsychological and radiologicalOgle JW. Aphasia and agraphia. Report of the Medical Research Council of
findings with neuropathological results. Aphasiology 1995; 9: 495–516.St. George’s Hospital (London) 1867; 2: 28–122.

Schwartz MF, Chawluk JB. Deterioration of language in progressive aphasia:Oliveira RM, Gurd JM, Nixon P, Marshall JC, Passingham RE. Micrographia
A case study. In: Schwartz MF, editor. Modular deficits in Alzheimer-typein Parkinson’s disease: The effect of providing external cues. Journal of
dementia. London: MIT Press, 1990: 245–96.Neurology, Neurosurgery and Psychiatry 1997; 63: 429–33.

Schwartz MF, Marin OSM, Saffran EM. Dissociations of language functionOlson A, Caramazza A. Representation and connectionist models: The
in dementia: A case study. Brain and Language 1979; 7: 277–306.NETspell experience. In: Brown GDA, Ellis NC, editors. Handbook of

Schwarz M, De Bleser R, Poeck K, Weis J. A case of primary progressivespelling: theory, process and intervention. Chichester: John Wiley & Sons,
aphasia: A 14-year follow-up study with neuropathological findings. Brain1994: 337–63.
1998; 121: 115–26.Parkin AJ. Progressive aphasia without dementia—A clinical and cognitive

Seidenberg MS, McClelland JL. A distributed, developmental model of wordneuropsychological analysis. Brain and Language 1993; 44: 201–20.
recognition and naming. Psychological Review 1989; 96: 523–68.Patterson K. Lexical but nonsemantic spelling? Cognitive Neuropsychology

Selby G. Clinical features. In: Stern GM, editor. Parkinson’s disease. London:
1986; 3: 341–67. Chapman and Hall Medical, 1990: 333–88.

Patterson K. Acquired disorders of spelling. In: Denes G, Semenza C, Bisiacchi Seltzer B, Sherwin I. A comparison of clinical features in early- and late-
P, editors. Perspectives in cognitive neuropsychology. Hove, East Sussex: onset primary degenerative dementia. One entity or two? Archives of
Lawrence Erlbaum, 1988: 213–29. Neurology 1983; 40: 143–6.

Patterson K, Hodges JR. Deterioration of word meaning: Implications for Shallice T. From neuropsychology to mental structure. Cambridge: Cambridge
reading. Neuropsychologia 1992; 30: 1025–40. University Press, 1988.

Patterson K, Wing AM. Processes in handwriting: A case for case. Cognitive Snowden JS, Neary D. Progressive language dysfunction and lobar atrophy.
Neuropsychology 1989; 6: 1–23. Dementia 1993; 4: 226–31.

Penniello M-J, Lambert J, Eustache F, Petit-Taboue MC, Barre L, Viader F Snowden JS, Goulding PJ, Neary D. Semantic dementia: A form of
et al. A PET study of the functional neuroanatomy of writing impairment circumscribed cerebral atrophy. Behavioural Neurology 1989; 2: 167–82.
in Alzheimer’s disease. The role of the left supramarginal and left angular Snowden JS, Neary D, Mann DMA, Goulding PJ, Testa HJ. Progressive
gyri. Brain 1995; 118: 697–706. language disorder due to lobar atrophy. Annals of Neurology 1992; 31:

Perez FM, Tunkel RS, Lachmann EA, Nagler W. Balint’s syndrome arising 174–83.
from bilateral posterior cortical atrophy or infarction: Rehabilitation Snowden JS, Griffiths HL, Neary D. Semantic dementia: Autobiographical

contribution to preservation of meaning. Cognitive Neuropsychology 1994;strategies and their limitation. Disability and Rehabilitation 1996; 18: 300–4.
11: 265–88.Piras MR, Cherchi R, Satta W, Masuri MR, Sini S, Pes M et al. Alzheimer

Snowden JS, Griffiths HL, Neary D. Semantic–episodic memory interactions indisease in Sardinian population: A neuropsychological and genetic study.
semantic dementia: Implications for retrograde memory function. CognitiveArchives of Gerontology and Geriatrics 1998; Supplement 6: 407–16.
Neuropsychology 1996a; 13: 1101–37.Platel H, Lambert J, Eustache F, Cadet B, Dary M, Viader F et al.

Snowden JS, Neary D, Mann DMA. Fronto-temporal lobar degeneration:Characteristics and evolution of writing impairment in Alzheimer’s disease.
fronto-temporal dementia, progressive aphasia, semantic dementia. London:Neuropsychologia 1993; 31: 1147–58.
Churchill Livingstone, 1996b.Plaut DC, McClelland JD, Seidenberg MS, Patterson K. Understanding normal

Steele JC, Richardson JC, Olszewski J. Progressive supranuclear palsy.and impaired word reading: Computational principles in quasi-regular
Archives of Neurology (Chicago) 1964; 10: 333–59.domains. Psychological Review 1996; 103: 56–115.

van Gemmert AWA, Teulings H-L, Contreras-Vidal JL, Stelmach GE.Podoll K, Caspary P, Lange HW, Noth J. Language functions in Huntington’s
Parkinson’s disease and the control of size and speed in handwriting.disease. Brain 1988; 111: 1475–503.
Neuropsychologia 1999; 37: 685–94.Podoll K, Schwarz M, Noth J. Language functions in progressive supranuclear

Victoroff J, Ross GW, Benson F, Verity MA, Vinters HV. Posterior corticalpalsy. Brain 1991; 114: 1457–72.
atrophy: Neuropathologic correlations. Archives of Neurology 1994; 51:Powell AL, Cummings JL, Hill MA, Benson DF. Speech and language
269–74.

alterations in multi-infarct dementia. Neurology 1988; 38: 717–9. Warrington EK. Selective impairment of semantic memory. Quarterly Journal
Rapcsak SZ, Arthur SA, Bliklen DA, Rubens AB. Lexical agraphia in of Experimental Psychology 1975; 27: 635–57.

Alzheimer’s disease. Archives of Neurology 1989; 46: 65–8. Watt S, Jokel R, Behrmann M. Surface dyslexia in nonfluent progressive
Rebeiz JJ, Kolodny EH, Richardson EP. Corticodentatonigral degeneration aphasia. Brain and Language 1997; 56: 211–33.

with neuronal achromasia. Archives of Neurology 1968; 18: 20–33. Weintraub S, Rubin NP, Mesulam M-M. Primary progressive aphasia:
Riley DE, Lang AE, Lewis MB, Resch L, Ashby P, Hornykiewicz O et al. Longitudinal course, neuropsychological profile, and language features.

Cortical-basal ganglionic degeneration. Neurology 1990; 40: 1203–12. Archives of Neurology 1990; 47: 1329–35.
Rinne JO, Lee MS, Thompson PD, Marsden CD. Corticobasal degeneration: Whitworth RH, Larson CM. Differential diagnosis and staging of Alzheimer’s

A clinical study of 36 cases. Brain 1994; 117: 1183–96. disease with an aphasia battery. Neuropsychiatry, Neuropsychology and
Rogelet P, Delafosse A, Destee A. Posterior cortical atrophy: An unusual Behavioral Neurology 1989; 1: 255–65.

feature of Alzheimer’s disease. Neurocase 1996; 2: 495–501. Zesiger P, de Partz M-P. The cognitive neuropsychology of spelling. In:
Ross SJM, Graham N, Stuart-Green L, Prins M, Xuereb J, Patterson K et al. Perfetti CA, Rieben L, Fayol M, editors. Learning to spell: research, theory,

Progressive biparietal atrophy: An atypical presentation of Alzheimer’s and practice across languages. London: Lawrence Erlbaum, 1997: 39–57.
disease. Journal of Neurology, Neurosurgery and Psychiatry 1996; 61:

Received on 11 November, 1999; resubmitted on 8 June, 2000;388–95.
Rothi LJG, Roeltgen DP, Kooistra CA. Isolated lexical agraphia in a right- accepted on 12 June, 2000


