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Abstract Apraxic agraphia is a peripheral writing disorder
caused by neurological damage. It induces a lack or loss of
access to the motor engrams that plan and programme the
graphomotor movements necessary to produce written output.
The neural network subserving handwriting includes the supe-
rior parietal region, the dorsolateral and medial premotor
cortex and the thalamus of the dominant hemisphere. Recent

studies indicate that the cerebellum may be involved as well.
To the best of our knowledge, apraxic agraphia has not been
described on a developmental basis. This paper reports the
clinical, neurocognitive and (functional) neuroimaging find-
ings of a 15-year-old left-handed patient with an isolated, non-
progressive developmental handwriting disorder consistent
with a diagnosis of "apraxic dysgraphia". Gross motor coor-
dination problems were objectified as well but no signs of
cerebellar, sensorimotor or extrapyramidal dysfunction of the
writing limb were found to explain the apraxic phenomena.
Brain MRI revealed no supra- and infratentorial damage but
quantified Tc-99m-ECD SPECT disclosed decreased perfu-
sion in the anatomoclinically suspected prefrontal and cere-
bellar brain regions crucially involved in the planning and
execution of skilled motor actions. This pattern of functional
depression seems to support the hypothesis that "apraxic
dysgraphia" might reflect incomplete maturation of the
cerebello-cerebral network involved in handwriting. In addi-
tion, it is hypothesized that “apraxic dysgraphia”may have to
be considered to represent a distinct nosological category
within the group of the developmental dyspraxias following
dysfunction of the cerebello-cerebral network involved in
planned actions.
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Introduction

Agraphia is a collective term used to denote various types of
writing disorders resulting from acquired neurological dam-
age. Agraphic manifestations can be classified as either of
the central (linguistic) or the peripheral (non-linguistic) type
on the basis of their semiological characteristics [1]. The
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central agraphias consist of lexical (or surface) agraphia,
phonological agraphia, deep agraphia, semantic agraphia
and agraphia due to impairment of the graphemic buffer
and they involve disruption of the linguistic system: they
are characterized by qualitatively similar spelling errors
across all output modalities (e.g. in written as well as in oral
spelling, typing, letter selection and sequencing). The
peripheral agraphias on the other hand consist of allographic
agraphia, apraxic agraphia, motor execution agraphia
(micrographia and megalographia), hemianoptic agraphia
and afferent or neglect dysgraphia: these do not result from
damage to the linguistic system itself but from neurological
problems (motor or sensory deficits) which primarily com-
promise the ability to correctly execute the manual produc-
tion of letters. As a result, the peripheral agraphias are
characterized by a clear qualitative dissociation between
inferior handwritten and superior non-handwritten forms of
spelling (e.g. mental spelling, typing, letter selection).

Within the group of the peripheral agraphias, apraxic or
pure agraphia represents an acquired writing disorder follow-
ing disruption of the skilled movement plans of writing. In this
condition, distorted letter formation and disruption of the
graphomotor trajectory does not follow from sensorimotor,
extrapyramidal or cerebellar dysfunction affecting the writing
limb but from distortion of the mental representation, planning
and execution of graphomotor letter formation. Disruption of
the spatiotemporal features of handwriting typically results in
hesitant, awkward, and imprecise letter formation or even in
illegible scrawls [1, 2]. However, in spite of letter deforma-
tion, the distinction between upper- and lowercase forms may
be preserved [3, 4], the formation of single letters may be
significantly superior to letter sequencing in words [5] and in
some patients, the inability to write letters sharply contrasts
with an intact ability to produce written numbers [6].
Grapheme formation in apraxic agraphia typically improves
during the copying of letters and words [1]. Oral spelling,
type-writing and the use of anagram letters are well-preserved
in patients with apraxic agraphia [2, 7, 8].

Apraxic agraphia has been documented in a variety of
etiologically heterogeneous neurological conditions and is
typically associated with causative lesions located in the
superior parietal lobe (storage of graphomotor plans) or
the dorsolateral and medial part of the prefrontal cortex
(conversion of graphomotor plans to motor commands) of
the language dominant hemisphere; e.g. [6, 7, 9, 10]. In a
recent review of 25 cases of vascular apraxic agraphia—
published since the first description of the condition by
Heilman et al. in 1973 [7]—De Smet et al. [11] confirmed
that apraxic agraphia may be associated with lesions outside
the language dominant parietal and frontal region.

In school-aged children difficulties in the acquisition of
the mechanical aspects of handwriting are very common, i.e.
the estimated incidence is 27 % in grade one to 13 % at the

end of grade five, e.g. [12]. In addition, bad handwriting is
often considered a hallmark feature of children with neuro-
developmental disorders such as dyslexia, attentional deficit
and hyperkinetic disorder [13], developmental coordination
disorder [14, 15], developmental right hemisphere syn-
drome [16] and autism spectrum disorders [17]. Cratty, for
instance, showed that handwriting difficulties were present
in 30–40 % of the surveyed children with learning disabil-
ities [18]. Although legible handwriting remains an impor-
tant skill to achieve academic success, the clinical
assessment of handwriting performance remains a chal-
lenge. Many tests are available to evaluate graphomotor
performance but the scarcity of valid and reliable handwrit-
ing tools limits the application of standardized assessments
in a clinical setting [19]. In addition, little is known about
the responsible neurobiological mechanisms subserving dis-
torted handwriting. Gubbay et al. studied 259 children with
an average age of 13.6 years attending high school in the
central metropolitan area in Perth (Australia) in order to
provide a neurological classification of the developmental
dysgraphias [20]. Their survey disclosed only children with
dysgraphia of the linguistic type and a ‘non-significant
incidence of children with apraxic or mechanical dysgra-
phia’. However, no in-depth description of both forms of
peripheral writing disorders was provided.

To the best of our knowledge, there have been no detailed
studies of children in whom disrupted development of hand-
writing skills was identified to reflect an underlying apraxic
deficit. This report describes for the first time the clinical,
neurocognitive and (functional) neuroimaging characteristics
in a 15-year-old left-handed patient who presented with a non-
progressive graphomotor disturbance, unaccompanied by any
neurocognitive dysfunction or a cerebellar, extrapyramidal or
sensorimotor deficit affecting the writing limb.

Case Report

A 15-year-old left-handed patient was referred to the depart-
ment of Clinical Neurolinguistics of ZNA Middelheim
Hospital because of persisting problems with handwriting.
The boy was born at term after normal gestation. According
to ‘WHO child growth standards’, acquisition of gross
motor milestones was slightly delayed. He could sit without
support at 7 months (mean06.0; SD01.1), he could stand
with assistance at 8 months (mean07.6; SD01.4) but did
not crawl, nor could he walk independently before the age of
17 months (mean012; SD01.8 months). He was able to
independently ride a bicycle without support at the age of
4.6 years. By the age of 4–5 years he had developed a clear
left-hand preference. In kindergarten he was briefly treated
with physiotherapy and psychomotor therapy because of
poor gross coordination skills. Cognitive and speech/
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language development were entirely normal. At the age of
7 years, Asperger’s syndrome was suspected because of a
failure to establish and maintain peer relationships and an
apparently inflexible adherence to routine behaviour.
Formal psychiatric assessments, however, were normal and
excluded a diagnosis of Asperger’s syndrome. Medical his-
tory was unremarkable. Family history was negative for
developmental disorders and learning disabilities. The
patient had successfully finished primary school and
obtained above average results in the 3rd grade of secondary
school (science–economics).

Detailed clinical neurological examination in which cere-
bellar functionality was studied in detail by means of the Brief
Ataxia Rating Scale (BARS) revealed no signs of ataxia (total
BARS score of 0/30) [21]. The Körperkoordinations Test für
Kinder (KTK) was also administered to assess gross motor
coordination skills [22]. The following four movement tasks
were completed by the patient: (1) walking backwards along a
balance beam of different widths (number of successful steps
are recorded), (2) hopping for height (the patient hops on one
foot over a pile of foam the height of which is raised after each
successful jump, the height of the last successful jump is
recorded), (3) jumping sideways as fast as possible with both
feet together (timing of 15 consecutive sideway jumps) and
(4) moving sideways on boxes (the patient stands on one box
and moves sideways onto another box he has put down
himself. The sequences of picking up and placing down boxes
leading to a correct movement are counted). The patient
obtained a normal motor quotient (MQ) for the subtests ‘hop-
ping for height’ (MQ090; mean0100; SD015) and ‘jumping
sideways’ (MQ096). An MQ below percentile 15 was found
for the subtest ‘walking backwards’ (MQ076) and an MQ
below the third percentile was found for ‘moving sideways on
boxes’ (MQ060). A total MQ of 72 is consistent with a
diagnosis of gross motor coordination disorder.

The EEG was normal. MRI of the brain revealed no
lesions at the supra- and infratentorial level. A quantified
Tc-99m-ECD SPECT study was carried out; 740 MBq
(20 mCi) Tc-99m-ECD was administered to the patient by
means of a previously fixed butterfly needle while he was
sitting in a quiet and dimmed room, eyes open and ears
unplugged. Acquisition was started 40 min after injection
using a three-headed rotating gamma camera system (Triad
88; Trionix Research Laboratory, Twinsburg, Ohio, USA)
equipped with lead super-fine fanbeam collimators with a
system resolution of 7.3 mm FWHM (rotating radius 13 cm).
Projection data were accumulated in a 128×64 matrix, pixel
size 3.56 mm, 15 s/angle, 120 angles for each detector
(3° steps, 360° rotation). Projection images were rebinned
to parallel data, smoothed and reconstructed in a 64×64
matrix, using a Butterworth filter with a high cut frequency
of 0.7 cycles/cm and a roll-off of 5. No attenuation or scatter
correction was performed. Trans-axial images with a pixel

size of 3.56 mm were anatomically standardized using SPM
and compared to a standard normal and SD image obtained
from ECD perfusion studies in a group of 15 normally
educated healthy adults consisting of eight men and seven
women with an age ranging from 45 to 70 years. This normal
image was created by co-registration of each normal study to
the SPECT template image of SPM using the “normalize”
function in SPM. At the same time, the global brain uptake of
each study was normalized. On the mean image, 31 ROI’s
were drawn and a 31 ROI template was created. Using the
normalized studies and the 31 ROI template, the mean normal
uptake and SD value (01 Z score) in each ROI was defined.
Patient data were normalized using SPM in the same way and
the perfusion uptake in each ROI was calculated. From this
uptake, the mean uptake and SD value of the normal database,
the Z score for each region can be calculated. A regional Z
score of >2.0 is considered significant. The quantified Tc-
99m-ECD SPECT study of our patient showed a significant
decrease of perfusion in both cerebellar hemispheres (right,
−2.86 SD; left, −2.18 SD) as well as a hypoperfusion in the
medial prefrontal left hemisphere (−2.18 SD; Fig. 1).

Neuropsychological Investigations

Neuropsychological assessment consisted of a range of for-
mal test batteries including the Wechsler Intelligence Scale
for Children, third edition (WISC-III) [23], the Bourdon–
Vos Test [24], the Wisconsin Card Sorting Test (WCST)
[25], the Stroop Colour–Word test [26], the Trail Making
Test (TMT) [27], the Rey–Osterrieth figure [28], the praxis
subtests of the Hierarchic Dementia Scale (HDS) [29], the Beery
Developmental Test of Visual–Motor Integration [30] and the

Fig. 1 Quantified Tc-99m-ECD SPECT study shows a significant
decrease of perfusion in both cerebellar hemispheres (lower row)
associated with a hypoperfusion in the medial prefrontal left
hemisphere
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Test of Visual–Perceptual Skills, third edition (TVPS-3) [31].
Neurolinguistic assessments consisted of the Boston Naming
Test [32], subtests of the Akense Afasie Test (AAT) [33], the
Dudal Spelling Tests [34, 35], a selection of written language
tests of the Psycholinguistic Assessment of Language
Processing in Aphasia (PALPA) [36] and a semantic controlled
oral word association task (unpublished norms).

A strong and consistent left-hand preference was confirmed
by a laterality quotient of -100 on the Edinburgh Handedness
Inventory [37]. As shown in Table 1, general cognitive skills
which were measured by theWISC-III, showed superior verbal

Table 1 Neurocognitive test results

Neurocognitive tests Scaled score
(raw score)

PCTL Mean ±1 SD

Intelligence

Wechsler Full Scale IQ (FSIQ) 124 100 15

Wechsler Verbal IQ (VIQ) 122 100 15

Information 15 10 3

Comprehension 16 10 3

Digit Span 13 10 3

Arithmetics 8 10 3

Similarities 14 10 3

Vocabulary 14 10 3

Wechsler Performance IQ (PIQ) 120 100 15

Digit symbol substitution 11 10 3

Picture completion 13 10 3

Block design 13 10 3

Picture arrangement 11 10 3

Object assembly 15 10 3

Symbol comparison 14 10 3

Language

Boston Naming Test (52/60) 45.36 4.98

Dudal spelling (typing)

Words (36/40) 93 50

Sentences (34/40) 85 50

Total (70/80) 90 50

Controlled oral word association 78 59.7 13.27

Attention

Bourdon–Vos Test 47 45.36 4.98

Speed (11″) 50 50

Accuracy (2) 75 50

Executive functions

Wisconsin Card Sorting 5 5

Stroop Colour–Word Test

Card I (35″) 80 48″

Card II (58″) 45 63″

Card III (89″) 45 99″

Trail Making Test

Part A (8″) 88 15″

Part B (21″) 69 28″

Praxis

Rey–Osterrieth Figure 36/36 35 3

HDS Ideational: it. 5 10/10 9.79 0.17

HDS Ideomotor: it. 3 10/10 9.94 0.23

HDS Drawing: it. 15 10/10 9.81 0.52

HDS Constructional: it. 12 10/10 10 0

Table 1 (continued)

Neurocognitive tests Scaled score
(raw score)

PCTL Mean ±1SD

Visual cognition

Beery VMI 86 (25) 18 100 15

Beery visual perception 90 (26) 25 100 15

Beery motor coordination 98 (28) 45 100 15

Test of visual perceptual skills—R

Perceptual quotient 120 91 100 15

Visual discrimination 13 (15) 10 3

Visual memory 15 (16) 10 3

Visual–spatial relations 14 (16) 10 3

Form constancy 15 (15) 10 3

Visual sequential memory 10 (13) 10 3

Visual figure ground 18 (16) 10 3

Visual closure 14 (15) 10 3

HDS Hierarchic Dementia Scale; Beery VMI Beery-Buktenica Devel-
opmental Test of Visual–Motor Integration; PCTL Percentile

Fig. 2 Handwriting sample demonstrating the characteristic features of
apraxic agraphia: writing of lowercase sentences to dictation. [Target text
for figure 2, De publicatie staat sinds gisteren ook online. Ze baseerden
zich voor hun onderzoek op de gezinsdemografische trend. Onderzoek
naar depressiviteit binnen een bepaalde bevolkingsgroep is zeldzaam en
het is zeker het eerste in België zegt Bracke.We kunnen het nu bevestigen
wat voorheen enkel een vermoeden was dat de klachten over depressivi-
teit over een tijdsspanne van acht jaar verdubbeld zijn]
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Table 2 PALPA test results

Test (PALPA number) Score Mean SD Range

Mirror reversed (17) 34/36 35.63 0.62 33–36

Upper-/lowercase letter matching (18) 26/26 25.83 1.09 19–26

Lower-/uppercase letter matching (19) 26/26 25.98 0.16 25–26

Letter discrimination (20)

Words: similar 15/15 14.98 0.16 14–15

Different 15/15 14.98 0.16 14–15

Nonwords: similar 15/15 14.85 0.42 13–15

Different 14/15 14.73 0.74 11–15

Total score 29/30 59.53 0.87 56–60

Word Length (37) Typing

3 graphemes 6/6 6 - 5–6

4 graphemes 6/6 5.88 0.33 5–6

5 graphemes 5/6 5.9 0.3 5–6

6 graphemes 6/6 5.98 0.16 5–6

Total score 23/24 23.75 0.58 21–24

Imageability & Frequency (38) Typing

I+/F+ 9/10 9.9 0.3 9–10

I+/F- 9/10 9.8 0.51 9–10

I−/F+ 10/10 9.95 0.22 9–10

I−/F− 10/10 9.65 0.88 9–10

Total score 38/40 39.3 1.42 33–40

Grammatical class (39) Oral spelling

Nouns 5/5 4.98 0.4 4–5

Adjectives 5/5 5 0.16

Verbs 5/5 4.98 0 4–5

Function words 5/5 4.93 0.16 4–5

Total score 20/20 19.88 0.4 18–20

Grammatical class & Imageability (40) Oral spelling

Nouns 10/10 9.75 0.58 8–10

Function words 10/10 9.93 0.26 9–10

Total score 20/20 19.68 0.75 17–20

Spelling-sound regularity (42) Typing

Regular: I− 9/10 9.88 0.40 8–10

I+ 8/10 9.78 0.61 7–10

F− 11/14 13.88 1.23 8–14

F+ 6/6 5.68 0.91 3–6

Total regular: 17/20 19.73 0.87 15–20

Irregular: I- 8/10 9.28 1.34 5–10

I+ 10/10 8.88 1.71 5–10

F− 15/17 15.10 2.64 5–17

F+ 3/3 2.85 0.36 2–3

Total irregular: 18/20 18.10 2.93 7–20

Total score 35/40 37.38 3.53 26–40
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and performance IQ levels. No discrepancy was found between
the verbal IQ and the performance IQ and there were no
inconsistencies in the distribution of subtest scores at both the
verbal and performance level. Visuomotor attention (Bourdon–
Vos Test; WISC-III digit symbol substitution), visual search
and sequencing (TMT) and digit span (WISC-III) scored well
within the normal range. As evidenced by the Stroop Colour–
Word test, the ability to inhibit a competing andmore automatic
response set was normal. Abstract concept formation, shifting
and maintaining of goal-oriented cognitive strategies in
response to changing environmental contingencies was normal
(WCST). Constructional (HDS item 12; WISC-III block
design), ideational (HDS item 5), ideomotor (HDS item 3),
drawing (Rey–Osterrieth figure; HDS item 15) and bucco-
labio-l ingual praxis were normal. On the Beery
Developmental Test of Visual–Motor Integration low average
results for visual–motor integration skills and average results
for visual–motor coordination were found. In addition to a
superior visuo-perceptual quotient, the TVPS-3 subtests scored
within the normal range.

Articulation and prosody in conversational and spontaneous
speech were normal. No grammatical errors or lexical retrieval
difficulties were observed. Visual confrontation naming (BNT)
and semantic verbal fluency were normal as well. Repetition of
phonemes, morphemes and sentences and reading of words and
sentences were normal (AAT). Spelling of words and sentences
(Dudal spelling) was assessed by means of a portable computer
since the patient’s handwriting was not legible (Fig. 2). Oral
spelling was also used to avoid illegible handwriting quality. No
evidence was found for an underlying linguistic spelling disor-
der. PALPA subtests, administered to investigate a possible

impact of linguistic parameters on spelling were normal and
revealed no influence of word length (PALPA 37), imageability
(PALPA 38), word frequency (PALPA 38), grammatical class
(PALPA 39), and imageability (PALPA 40) or spelling-sound
regularity (PALPA 42). Writing of nonwords (PALPA 43),
morphological suffixes (PALPA 41) and homophones (PALPA
44) were normal as well. Discrimination of mirror reversed
graphemes (PALPA 17), case matching (PALPA 18–19) and
letter discrimination (PALPA 20) were intact (Table 2).

Handwriting skills were formally investigated by means of
the “Systematische Opsporing Schrijfproblemen” (SOS;
Systematic Detection of Writing Problems) [38]. In this test,
the patient is asked to copy a printed text for a period of
5 minutes. Only the first five lines are used for analysis. A
score between 0 and 2 is attributed to fluency, transition
between letters, mean letter size, regularity of size, blank spaces
between words and line trajectory. Score zero stands for a
normal performance, higher scores indicate (greater) problems.
He obtained a severely defective total score of 8/12 (mean 1.7;
SD01.32; below percentile 3) with graphomotor distortions
affecting fluency (score02), letter transition (score02), mean
letter size (score01), regularity of letter size (score02) and
blank spaces between words (score01) (Fig. 2). Copying of
letters, words and sentences significantly improved the quality
of handwriting. Formation of uppercase letters was superior to
lowercase forms and letters written in isolation were better
preserved than letters written in sequences. Writing with the
non-dominant hand and writing with no visual support (eyes
closed) induced an aggravation of symptoms. The patient held
the pencil with a mature pattern and in a typical fashion
(dynamic tripod grasp pattern, fixating the pen between the

Table 2 (continued)

Test (PALPA number) Score Mean SD Range

Nonwords (43) Oral spelling

3 graphemes 5/6 5.95 0.22 5–6

4 graphemes 5/6 5.83 0.38 5–6

5 graphemes 5/6 5.85 0.36 5–6

6 graphemes 6/6 5.7 0.46 5–6

Total score 17/24 23.33 0.96 21–24

Morphology (41) Typing

Regular inflexion—control 10/10 9.65–9.85 0.85–0.42 6–10–8–10

Derivational—control 10/10 9.90–9.95 0.30–0.22 9–10–9–10

Irregular inflexion - control 10/10 9.93–9.93 0.26–0.26 9–10–9–10

Total score 60/60 59.20 1.23 54–60

Homophones (44) Typing

Total score 15/17 16.42 1.24 10–17

PALPA Psycholinguistic Assessment of Language Processing in Aphasia; SD standard deviation; I+ high imageable; I− low imageable; F+ high
frequent; F− low frequent
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thumb and index finger, with the pencil resting against the side
of the middle finger). During the act of writing with either the
left of right hand he only moved the wrist joint, while the other
joints of the left arm remain in a fixed position.

At the social level, no significant difficulties were mentioned
in establishing and maintaining social contacts with peers. No
evidence for affective problems or emotional instability was
recorded after careful inquiry of the patient and his parents.

Discussion

Handwriting is a highly complex skill which requires the mas-
tery and integration of a range of subskills involving cognitive
operations, linguistic processing and sensorimotor functioning.
In this 15-year-old left-handed patient detailed cognitive and
linguistic investigations identified a pattern of graphomotor
abnormalities consistent with a diagnosis of "apraxic dysgra-
phia". Depressed writing fluency, defective transition between
letters, abnormal and irregular letter size, awkward and impre-
cise letter formation, abnormal blank spaces and illegible
scrawls were the spatiotemporal features of a deviant and
deformed written output. The failure to develop normal hand-
writing not only markedly contrasted with the absence of a
linguistic disturbance of spelling, reading or a selective language
impairment, but it also contrasted with the patient's normal
development of general cognitive skills and normal academic
achievements. Indeed, aside from apraxic disruption of hand-
writing, in-depth neuropsychological investigations formally
ruled out any associated cognitive impairment, even in closely
related domains of the motor-praxis system (such as ideomotor,
ideational, constructional, oral, drawing and dressing praxis), the
executive system of planning and organisation, the visuomotor
integration system, attention, or in visuospatial and nonverbal
cognition. As demonstrated by a borderline result on the subtest
‘walking backwards’ and a profoundly defective performance
on ‘moving sideways on boxes’ of the KTK, clinical investiga-
tions revealed evidence of neurodevelopmental immaturity con-
fined to gross motor coordination skills. The BARS and the
KTK did not reveal any formal neurological signs or symptoms
of cerebellar, sensorimotor, extrapyramidal dysfunction of the
writing limb to explain the apraxic symptoms. Handwriting was
not better when the patient wrote with the non-dominant, right
hand or when he was blindfolded. This indicates efficient mon-
itoring of visual and proprioceptive feedback processes during
the execution of graphomotor patterns.

Apraxic agraphia is typically caused by acquired neurolog-
ical damage to the processing components involved in the
programming of writing movements. Mechanisms responsible
for this disruption include the destruction or disconnection of
stored graphomotor engrams or damage to the processes asso-
ciated with translating the graphomotor engrams into graphic
innervatory patterns to muscles involved in the motor execution

of handwriting [1]. Studies indicate that the graphomotor
engrams are stored in the parietal lobe of the hemisphere con-
tralateral to the hand preferred for writing whereas the prefrontal
areas (dorsolateral premotor cortex and the supplementary
motor area) of the same hemisphere subserve the translation of
these programmes into graphomotor innervatory patterns [1]. In
a review of vascular apraxic agraphia, De Smet et al. [11]
confirmed the view that in the majority of cases, apraxic agra-
phia is due to a cerebral hemisphere lesion contralateral to the
preferred hand. In 17 out of the 22 right-handers, apraxic agra-
phia was caused by a lesion involving the left (language dom-
inant) hemisphere while the small number of only two left-
handed patients included in the review developed the condition
after a unilateral right (non-dominant) hemisphere lesion.
Although more substantial anatomoclinical evidence is needed
to ground the view of an intrinsic correlation between the neuro-
biology of manual preference and graphomotor planning, the
absence of associated linguistic deficits in these two
left-handed cases might indicate that the neurobiological mech-
anisms of planning and execution of writing might be more
closely linked to the neural basis of manual dominance than to
the neural basis of language dominance. In addition, anatomo-
clinical studies of patients with apraxic agraphia show that the
condition may also occur after isolated subcortical lesions (for a
review see [11]). Watson and Heilman, for instance, described a
43-year-old right-handed woman who presented with apraxic
agraphia due to vascular damage of the corpus callosum in
addition to transcortical motor aphasia and ideomotor, ideational
and buccofacial apraxia [39]. Croisile et al. [40] andNagaratnam
et al. [41] observed the condition following vascular damage to
the centrum semiovale of the left hemisphere. In a 78-year-old
right-handed patient described by Ohno et al., apraxic agraphia
resulted from isolated vascular damage to the dorsomedial part
of the left thalamus [42]. Mariën et al. [43] and De Smet et al.
[11] recently identified apraxic agraphia in patients with causa-
tive lesions located in the right cerebellar hemisphere. In this
patient, though, structural imaging of the brain revealed no
supra- or infratentorial abnormalities and EEG recordings were
normal as well. However, a quantified Tc-99m-ECD SPECT
study showed a pattern of significant perfusion deficits in the
structurally unaffected anatomical regions crucially implicated
in the distributed neural network subserving the planning and
execution of skilled graphomotor actions. Indeed, in addition to
a significant perfusion deficit involving the medial prefrontal
region of the left hemisphere, a hypoperfusion affected both
cerebellar hemispheres (right more pronounced than left). These
findings are in line with recent anatomoclinical evidence indi-
cating that the cerebellum and prefrontal region are implicated in
the distributed network of planning and organisation of skilled
motor actions such as oral-motor speech production [44, 45],
and handwriting [11, 43]. However, it remains to be settled
whether the lateralized distribution of supratentorial abnormal-
ities reflecting disrupted graphomotor planning relates to
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language dominance rather than tomanual preference. Although
functional neuroimaging studies [46, 47] confirm involvement
of the cerebellum in the general neural network of writing,
neurobehavioural evidence for a crucial role of this network in
peripheral handwriting disorders is rare. Indeed, apart from the
few patients who presentedwith apraxic agraphia [11, 43] only a
handful of additional cases with cerebellar induced peripheral
agraphia have been documented in the literature. Silveri et al.
reported an adult patient who showed typical features of
acquired spatial agraphia after vascular ischemic damage of
the left cerebellar hemisphere [48]. This type of peripheral
writing disorder, usually following posteriorly located lesions of
the non-dominant hemisphere, was also found in a patient with
cerebellar atrophy [49]. The same type ofwritten language impair-
ment was reported by Fournier del Castillo et al. [50]. They
described an 8-year-old patient who developed apraxic agraphia
in a context of cerebellar atrophy secondary to acute cerebellar
swelling at the age of 4.6 years. Frings et al. identified mega-
lographia in six children with chronic surgical cerebellar lesions
following posterior fossa tumour resection [51]. To the best of our
knowledge, apraxia of the graphomotor skills in the adult and
paediatric population has not been observed as a developmental
phenomenon without any demonstrable cerebral damage.

Haggard et al. suggested that in patients with cerebellar
lesions deficient motor programming may cause peripheral
writing problems [52]. Disruption of the feedforward–
feedbackward mechanisms may lead to a decomposition of
movement due to over-dependence on high-level cortical
feedback loops in controlling the movements of the affected
hand. Fabbro et al. suggested that the right cerebellar hemi-
sphere and portions of the vermis may control written lan-
guage processes by integrating their activity with the “frontal
lobe system” [53]. In our patients with apraxic agraphia fol-
lowing focal cerebellar damage [11, 43], the hypothesis of a
functional disruption of the cerebello-cerebral network sub-
serving the planning and execution of skilled motor actions
was supported by SPECT findings which revealed cerebellar-
cerebral diaschisis, reflecting the functional impact of the
cerebellar lesion on a distant supratentorial region crucially
involved in handwriting [54, 55]. Insufficient maturation or
underdevelopment of the distributed cerebro-cerebellar net-
work subserving coordinated motor skills might account for
the symptoms characterizing “apraxic dysgraphia”. As a result,
anatomoclinical findings in this patient with a selective impair-
ment affecting handwriting not only seem to confirm that the
integrity of the cerebello-cerebral network is crucially impor-
tant in the planning and execution of skilled actions [56], but
also seems to demonstrate that apraxic handwriting may be of
developmental origin. The exact mechanisms, by which the
cerebello-cerebral network modulates handwriting and other
skilled motor actions remain to be elucidated. Given its cardi-
nal role in the coordination of motor functioning it might be
speculated that in addition to the integration and processing of

sensory-motor signals within the motor system the close inter-
play between cerebellum, thalamus and prefrontal areas may
subserve a higher order level of movement planning that
requires timing and coordination across multiple effectors [57].

Following these observations, it is hypothesized that
“apraxic dysgraphia” may have to be considered to represent a
distinct nosological entity within the group of the developmen-
tal dyspraxias that might result from immaturity of the
cerebello-cerebral network involved in planned actions. Future
research is needed to identify the role of this network in skilled
actions.
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