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A X% (agraphia, ag. )< o](written language) ol 2] 3t
ol o= A thekRt Ul Agho] o T A o7 TAYRH %7\}
A 2717 & SA o] 23t Aol7t “agraphia’ & A
g o|%-2[1, 2], "dysgraphia’#h= o= B L%ﬂoix%
2ITH3], Ogle®= ©]& ‘amnemonic agraphia’ 2} ‘apractic ag—
raphia’ & Wrglon RS AApe] Aol @l
A7 JAEE SojF| o7 ARE HAE 2 Ao SRS :rL
gollA el A= sl 2 dokE 4= fl=(illegible) FEIS] 24
£ 2e 2o AYsioinH2]. o] % 1970 ol Eefgk AR A
2] Zd(information—processing model)9] FEFO= AAZF
off thgt -] BFo] o] Al sRarA el YXE Bele=
of| A, AA}A 0 2 HALel 247] B2 (route) Aol A1) ol = QIgh
71523 YA (functional loci)E 2= 2102 vlFQiL), Ellis
+ olgfgt melo] 7|23t Ogle?] = 7H4] 819 78 242t 5
A 435 (central agraphia) & "WZAA S (peripheral agr—
aphia)’ ol2tal Ajzo] FHstltH4]. o= L5874 g ’F
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Agraphia in Dementia

Ji Hye Yoon, M.S.*', Duk L. Na, M.D., Ph.D.*, HyangHee Kim, Ph.D."

Department of Neurology*, Samsung Medical Center, Sungkyunkwan University School of
Medicine, Seoul; Graduate Program in Speech & Language Pathology', Yonsei University, Seoul;
Department of Rehabilitation Medicine®, Yonsei University College of Medicine, Seoul, Korea

Agraphia can be characterized as spelling errors (as in e.g., lexical agraphia, phonological
agraphia) and motoric-writing impairment. In dementia with Alzheimer’s disease (AD), lexical
agraphia is the prominent type of spelling errors regardless of the disease severity whereas phono-
logical agraphia is often observed with disease progression. Motoric-writing disturbance is also
common in later stage of the disease. Meanwhile, in semantic dementia, although lexical agraphia
is also prominent, motoric-writing ability is usually preserved unlike AD. Other forms of demen-
tia such as posterior cortical atrophy and vascular dementia area also reported but the specific
nature of the spelling and motoric-writing deficits has not yet been explored. This article reviews
the spelling and motoric-writing deficits in major types of dementia. From the review, we conclud-
ed that further research investigating on both central and peripheral components would aid us
in understanding agraphic features of the various types of dementia.
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MgHoz F3goldk Hat A A (spelling system)et &
o] glow =it tolE ’&%3}7] flsto] of 2 71A] 914 %
o A2} AAGA A P E
(representation)—% Xﬁxéﬁi zg IS soto] £ 549

o zAz A A A &

Qt 7] 3yt A5 291 Aol Sl o], FaloX= 55
AXSI BRAAFS A spelling)” @F “2£7]—&-(motoric—
writing)" @A 9] LF=2 717t HEsto] ARg-slarAt gt Fig, 1
£ Roeltgen¥} Heilman [5, 6]2] R&of 7]%3lo] wholsry]
Aol A HRpAA| R} 27 - FHAE EASRRE AolT},

A, Tz} 22042)7] QJeliAls, S5 ARTA A 2A F
7 ] 27} Qi oju] &7] 712 (long-term memory)<]

AR 2 YR HRAPA (internal spelling dictionary: internal

o
I
ol ox M

lexicon dictionary: graphemic output lexicon) ol #13-4%
o] (familiar word)®] 9=, A28} 5429 EYA|A(irregu—
larity)o|ut OHUH’\j(ambigulty)W AFglo] o3 FZ(lexical



route)”} A 3HEIT), Htto](nonword) S A& EojH =
Ag-ole T 340 gleH AAE

&= (phonological route: sublexical route:

o

S{(unfamiliar word)?]
2 B 09
nonlexical route)7t B Asict Esh o]3] F2E= 9]v|(seman—
tic) SAIF] A of ol uh} thA| }9]-2n] T2 (lexical-
semantic route)?t ©19]-5-2Jn] F=Z(lexical non—semantic
route) = Hm 57} Ql=tl, AR FA7E ofg] 7HA| = 220
T S+ F5°lXHhomophone) ©o1E & W AMEEl= F20|
o, ZA= oJu)A|A| 9] A (mediation) §lo] 247]7} o] Foix =
S=o|thFig. 1. wWebA 7] S52AF Aol T E 4= e
AXTE A oA

ical ag.), AZAAS(deep ag.), YA F(semantic ag.) &

lexical ag.), &-+441%(phonolog—

Semantic

system

3 L T 2 /44
Auditory Auditory
association 1 word engrams

X8 - Lz - 2

o] Qlt}, 1 th30 2= A4 - (graphemic buffer) A &,
STHAE F3l A o7t Tx AYdA =z 717] Ao
HAA & A E= TAZE Sk oleRt SAE Fal AeE
AR O| A} A= tho] ©HAIG o)A (allog'raphic) AR 7 P
| =k %47]
TARE B3 T;_LX}—J FHE AH=51] Hﬂ 74151 L Eilaﬂ
Y(planning and programming)@A, FHo2 IFAE At

Z3U= 25 d W (motor execution)TA 5ol Atk $<] o
2] T F ot BpAof| Aol e=Ttoll whet &7+ hekst

Al YERE =71 It} Table 12 Rapesak ¥ Beeson [7]0] A
AR AAXF0 B0 7]E A7 ARE Heksto] 4% A
oJtt,

X

Orthographic system

output lexicon

(graphemic

Nonperisylvian

r 5
regions

Graphemic buffer

Auditory >

input

Heschl's gyrus Wennicke’s area

Phonological system
(Phoneme- 8

grapheme conversion)

Lt. fronto-parietal

\ Allographic store

Supramarginal Graphemic area Lt. parioto-
gyrus, insula, (graphic motor occipital
posterior, temporal area program) /
Lt.
parietal
lobe
Verbal output
programming l
] Visuospatial
Broca’s area Graphic output orientation
programming (graphic
l innervatory pattern) / Rt. parietal lobe
Dorsolateral prefrontal
Motor cortex, SMA
programming
Area 4 L
(mouth) Motor
programming
Area 4
(hand)
Oral spelling Writing
Subtypes Pathway
Lexical-semantic route 15253 —-4-5
1525655
Lexical-nonsemantic route 15455
Phonological route 1—-7—-8

Fig. 1. Revised neuropsychological model of spelling and writing based on Roeltgen & Heilman (1985, 2003).
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Table 1. Revised classification of central and peripheral agraphia based on Rapcsak & Beeson (2000)
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Subtypes Mechanism Distinctive features Major spelling Characteristics Lesion location
route used
Central Lexical Damage to Particular difficulty Phonological Phonologically Nonperisylvian
graphemic output spelling irregular and plausible errors (left posterior
lexicon ambiguous words (ex. circuit—serkit) temporo-parietal,
angular gyrus,
posterior inferior
temporal gyrus)
Phonological  Damage to Impaired nonword Lexical- Lexicalization Left perisylvian
phonological route spelling semantic (ex. flig—flag) (supramarginal
phonologically gyrus, insula, left
implausible errors posterior
(ex. flig—fiit) temporal area)
Deep Damage to all three Errors that consist of Damaged Phonological agraphia,  Large
spelling route real words related in lexical- semantic substitution left-hemisphere
meaning to the target semantic (ex. propellar —flight perisylvian
word, but with little egloo —eskimo)
phonological or visual
resemblance to the
target
Semantic Damaged to Special difficulty with Lexical- Homophone confusion  Left hemisphere
lexical-semantic homophones nonsemantic,  (ex.doe—dough) sites (often
route phonological extrasylvian)
Intermediate  Graphemic Defective Errors of grapheme N/A Letter substitution, Left fronto-
buffer short-term storage identity and order omission, addition, parietal sites
of graphemic and transposition
information
Peripheral Allographic Defective Inability to generate or N/A Writing impairment may ~ Left
assignment of letter select the correct be specific to case parieto-occipital
shapes to abstract letter shapes in and style
graphemic handwriting
representation
Apraxic Destruction or Poor letter formation N/A Gross errors of letter Left parietal
disconnection of not attribute to morphology, spatial lobe, DLPF,
graphic motor allogrphic disorder, distortion, stroke SMA
damage to systems sensorimotor, cbll, or insertion and deletion,
responsible for extrapyramidal illigible
translating these dysfunction
programs into
graphic inventory
pattern
Spatial Inability to use Duplication or omission ~ N/A Inability to write in a Right parietal
visual, kinesthetic of letters or strokes straight line and lobe
feedback to control maintain the correct
the execution of spacing between
writing movement letters and words
Nonapraxic Dysfunction of Defective regulation of N/A Micrographia Basal ganglia,
disorders of ~ motor system movement force, cerebellum
motor involved in speed and amplitude
execution controlling the in handwriting
kinematic
parameters of
writing

N/A, not available; DLPF, dorsolateral prefrontal cortex; SMA, supplementary motor cortex.
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AofHolell s ARt o 782 Follol vlsix= A4
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1. X2 ZdAH apH

|| od-

AJulf gExpo] AxF EAof tigt A= E 7] flste] o
=9 AAE FEopglet, AA, vl=ro] S ot e] HA
A (www. pubmed.gov)S ©]-&5HTE ElofefH|o]X HAL:
‘agraphia AND dementia’ , ‘dysgraphia AND dementia’
‘writing AND dementia’ 2| A4 o1& 53| o]Fo|Hct 1 2
jq-’ Z 300H 9] A7t AME AT %;;H Z3H AL E L
(google)2 &Mz (www.googlescholar.com)o A ‘ag—
raphia, dysgraphia, writing, dementia ¢ HMoE Y23}
o] & 148H 9] A5 HAsH, of2 gt qu}i 7% 448H
O At FollA o= A, tho] 20 WolA7|L v 7A
27] JAE AR A AT 57 eJ-Jr, Z- 3790l 3
= Qleh ey ol2fdl 71%s Agohe A, At giE
gdzslo|m/d AJufof] HgtE o] qllens it 7+ 3
3= lote] AFAF7F obd A, el Al KA}
e ATt 3G 4719 7)o whet F 91He] 2%
A gido= AR =

Ehs

91H o] A5 thd=S 7102 shof s % Ad=3lo]
4] Xl (Alzheimer's disease, AD)7} 37, AFZFA Wl
(frontotemporal lobal degeneration, FTLD)7} 245, ReRC\p]
A= (posterior cortical atrophy, PCA)o| 113, F-o]A|x]0j
(dementia with Lewy bodies, DLB)7} 2, @3X]ufj(vascular
dementia, VD)7} 4, H&7] 4 J(corticobasal degen—
eration, CBD)°] 8%, ¥¥H ¥ (Huntington's disease, HD)
o] 2, HsYHArIE] (progressive supranuclear palsy, PSP)
7k 3HO|QIH, o] FollA], A AT 37THE Ve ® AR
9 AD 28%H, FTLD 2%, PCA 29, DLB 0, VD 1#, CBD 2
#, HD 13, PSP 130 qlth, o] 24 AD7} & A ¢ H9

18 - LiEi - 2358

[=R=}

75.7%% AA|8t0] 743 Wekon DLB =52 ¢igich DLB 3
o A9l 7k Ak A+t W Bttt = AD 21.8%,

FTD 7.5%, PCA 1%, VD 1%, CBD 3%, HD 124, PSP 6%
o= WY AR 57k e AR AT, 7V A

& AgE PCASE VDI,
3. IpM| Al i

dubA oz Azt gl 27)--5olE Eelskr] flRt 2hA| Al
A ol AR R AAShE A EaL ol A,
A2 0 2 AXEE TolE Hal w7AXE A 5ol 3k, o]e}
B &0}, 9n] 7]%(semantic memory) @ AREO &2 7] (writ—
ten naming) 58& ¥otR7| ot 1€ B ==
ol & 27 AU, g 2 T FRlsh] ffste] ey
EA5 AR tf3t HkeS Bz om xl b Sk o)
I3y AREol 827U Al&st7](narrative writing)®] 3%,
A gl 27] S5THA 0]9] 9 ofw](semantic), T (syntax),
el (morphology) 51 Z-& dojz Helr zotxjug Ay}
SA Al 123t #lof| o3t FRks wiAlE 4= Qivk, ERE, A&
a17]9] —?—Oﬂ% & B (open context) 2= AA|HEE H|
s s S4ste Aol Oiﬂﬁﬁ"l Ak, wheba] Hx}
of 27)-3-F ‘6‘-101] =3reto] 2] F8e BUH 4 e
ol RropA7|U w4277 71 113——'_0}04 2 Aol A
£ 0|99 thE TAIE AR At 4] Al AlQlstaltt,

4. &8 oA

AR Al AXE = To] TR, AA| Fol(real words) HE
oAM= Apaeh F49 111 tfg-o] 7hsske] Skt 287t U
sh= G+ ©ol(regular word, oll; moment) | ApAS} -S40
th-g-o] 1:1 th-g-o] EA] ol SARet 2ej7h £ sk =2
ol(irregular word, 9l circuit) 7} Itk 7 ©ol(pseu—
doword)®] HFoll A= URbA o2 24} 2420 tf-3-o] YA
SEA|TE THofo] 2Ju)7} ¢li= Wdo}(nonword; novel word, ©l;
trag) 7+ SAth. o] o] A+t FAof wheh gt 7|9 thojr} vt
A 3 7HA] 7 9-0] AaE TR B R ApAeh 5420] tfg-o] “‘ﬂz
71s%t ©ol(predictable word; unambiguous words) |
Fo19] ZFe-(rime)oll s BHAL A= ThEA 52 22
<°]ZHhomophone, ¢l; buy/bye)e} 2ol gt 7|9} Thof7} 3t 7}

A 75 ol g AR 28 = Q)= 9|5 Bt Hof(unpre-
dictable word; ambiguous word) & “-E5}] A|AEH | & gl

OHT Fll‘



o] A4te 5 AAS) wet A3 24 Al Fig. 1
A AR oAl 2t SA O] &4t 2] eRkE- 3
eAx]o] AR A E= IpAI7F A Tofof s
5, A 27 2 o] Rk3-S wAISHITh WA, A
2 ZA3t 27 (phonologically plausible errors, PPE; reg—
ularization) & 27}t & Az7F Aug-S ofyA|ut B o
of(target word)?] T30 2 HAE FASH= Aolal, A
o2 BHAE3 @ F(phonologically implausible errors,
PIE) & A&} 9 U5 WRolA] H3E whol9f A HA] ¢h=
-5 WRIth A A5 AtAte] wet o5 ti A (substitu-
tion), A2F(omission), X/¥Htransposition), #7Haddition)
O TO2 dojah] S| Aliststo] E57517] e Skl
22 T 7} Lol 2}Q AL WIS 4 ol 9 B2 T ooz}

&5 (homophone confusion) °[2tal #7330, AA| ==
A7} oo OHEFO} ol ol FARE AA| o
2 23 AL o33k 1ex1cahzat10n’ ) g ERsle
3titkTable 2).

Fl

Rof 7ol wE EME AT

1. 2=510/HA X|H(AD)

1

HA el gidel dAn AD Bxe] ANEE
Alzheimer®] 2]8) A& B1E 0|3 2[g]

19074 Al QA7 7
A gre A7} A 1 ek, S5l e ?‘*Oﬂﬁ A
%ol AD g2te] vl A Z7|eA of| A WAskH[9-11], AD

oAl Ea] WREL L= oojRfofol o2 h7]Ak H(anorma)
ohE o g vedrhn dgsha oliiz-14]. 25

2 W9l o] HAPY B EFSH: o] S Ut opjet

Table 2. Subtypes and examples of spelling errors

Subtypes Examples
Phonological plausible error wade —waid
Phonological implausible error
Substitution slush—sluch
Omission fruit — frit
Transposition yacht —yatch
Addition dusk —ducsk
Homophone confusion scene —seen
Lexicalization flig —flag

299 (attention), 2471
(working memory), Al5-7H 53 (visuospatial ability) 52
ofg] ¢IAlEe] FgH shte] thEoltHl4, 15, whebA ofet
AR &gl ofste] thefdt e ® LF/7H e 7 Q)
ok =8 AD®Y] 5= $19 ol dATIE B Qe B
‘%“f‘-‘)ﬂ/ﬁ—J €] W (degradation) & ¢18}e] AlxZ9] ofito] tha
Aoz vehd 47t Qlok ey XSS ADY QA7 S
&7 pste] 2 7ix g FREE 4= Jleng AXASY
o = w5ohe Zﬂﬁ o] 7|25 Alse Bk ohzt
3t S (intervention)& A5 = U
AD SHAO] AAFof TRt Bl &
9 AT TS ARATE LSk A BB, FA E A
FR=TATN

o] ozt 7] Alo] SJ3f &4

254 Q4 (motor component),

jﬁ

A AR g

AD®] g tRE0] A= HAA 2] Ao, & FFAA]
5 013 TR &l 7]R1gt o)A AT 23S B
FE Bshal gk, 1 of= ADwo| Z= 2
OJu)7]9] £AT}F AE|o] 917 wfiEo & AYZHETE thA] Ul
A, efw]- 011#4 2430 7]015} 0]3] EE O] Ao B Ab)
Mo g WEL= 3 ol oste] HAF A2lE S5t
n, Ao 24} 2k thgo] BEUXF EqfHolE
SY3HHA PPES HolA| Eli= Zlolo), uhebA of3jas g
AD $Ho] AAFol ek 27] A+to] sfdsh= Rapesak &
[16]7} Lambert S{171¢] Aol ©]|271744] ADHS] 714 o
FAR] ANT PR Budn AE-FE FFEE 7
AD} /0] 42 vl gt A1, 16]oA= 2,
tto] THAIS Alet A EfATojofAnh Skt
I A bl frolmgk ?40173_— Holk ZS W IEHHA AD
2 -5 742 Al-EHx—lc‘)i ooH7
e A o3
5 a’iﬁ} Hﬁl} QS WetolA] AD| &
ok 9] *df%*ﬂ%—h[n 15, 16, 18-25], AD 327} B
2 FE RO o]z o3 TR &

i
i
=

B~
g
o
1o
olN
g
lil
01

o

, AD gbo] QlojA S8 F2o| &4
il b o] Zlsdol| upet S 4= 9l 72

th. Platel 51261 2279] Bre-F5= FANA 12, &+F
|, v|do] 7] RAS At on ol g 9-12711Y HA ez
T FH515tE 1 Ay x50l EqfdoloA PPES &
7 Hlgolo A E PIES Helom ADS] Ao RS Eqalct
oo Al 2422] PPES Hol= 27|44 H|thojolA PIES X

ofl



SRt Al o RN S, SAAS R T 7] FHE 2 )
2 23 A (mixed agraphia)o] 2
(27, 28], AD9] 2.5 ¥ T3] o|dAolel= dEa W™
AT QU}, 719k 2ol %‘%@’\1%"1 et =g sttt

18, 21, 23-3117F QAJek, Huje] F2E
SAATE B 27dA A= A FEHAE
32 obd Aolgt= o] A YUE & 4= qlch

fuAAFTE T2 2 2L 24 o a0 Hhomo—
phone)Z 11 WolA7|E Eslo] ghole]= Ax29] 3 F)
olt}, Neils 51 30-\—}Glosser =[32]8 ADwTF AAFEe] vn
£ 5t gAto] F2olAtolA 9] eRE Hol= Aut v
ato], o]&dt 77} AAAEE 03] A (graphemic output lex—
icon)o&2 AZE= ou|A|A THAY] &4tof 7]lgkckar Ay
3130, 32, 33].

SHEHANA F2HAR Fol7h= DAA HAAT 5 e
ool Fra ol Abax—ww o7} ek, WA AD 2HAHe] 79
= A2l ofu| AEstol &4 HelZt FHelstEe o

5]

HRR o] QIR|&A) oA o So] EulE 42 9lr) o] F E
A gl 7)Aol ARA R S T AL A

o 24, o] Ao] 7|50l Lok 297199 &4 A
he]o] Aokl BHAE 5], o] YA o &40l QLo 2A7]-3-5
HAE Bl AT AR EE B AR AE A Tl
ARz 3Afo] ARbA] A4 )8k A 2] 5o &5 5
Ak, ol WA AD EAHE0] o] o7} F7tekeE
Q50 RIwrt F7lshe 2 Hagh A1, 19, 271% Tk
Axp gl 27)- s A o] mpx|do] sEshe waTA oA
o] o5 Kt AR thEa} L WA, olAFeljo] B
oF R Gl AAe] dheARel awAlE Heksh=(cross—
case transcription) (¢, a—A, D—d) A =3 A, djEA
OF Al 2£7] 7o) )] Afo] Wl @ 77E B EITH4, 34,
351, o] o] vl 7] At dfgsl= Horner 51361 20
Fo Ar-F St 5 6989 SRpF HEHA Y e F7E Hel
thal HAsHAA | o] 5o] FAERl 24 F4d 9 24k 7+
Hiz] o8 =9 Wolhal gl on o]t JARE 0F fEe W
2 SH24, 38, 39101 A BrE AT, RARE WA P A}
et A Tz 227|--57do)7t AD SERfol| Al A HIE] et
U= EAJoztar ® sk AH16, 37, 40)%= %1oH Platel &

(2612 o]Ao] FFTA o] &4 o 5ol WeHTh= AATolet

ofN
0{1

FAXI0H(FTLD)

o) 7)o 2 SFAT FE0l —)‘\J}E]% ADe]| H]sfj =
& AR S5 SR E AR E s AFSFAAW(FTLD)
=, 1 JAFe] wet AEEFA | (frontotemporal demen—
tia, FTD), ¥Ju]*|ull(semantic dementia, SD), &1L ¥4

H|-3A oS (progressive nonfluent aphasia, PNFA)2.2
2FETH49],

S5 AGERY] R o2 AJRkE]= SD Rk, AD SRR}
ASHA] AARA o] @75 Btk siglon 53] o 5571t
A7} s23HE o] 227]0| A PPEZF 2HEHEThaL SEITH49-64],

JE} ADRR: thEA] 27]-$ER Ao Ae] eRt o] i
5] 9k o] ukAIIE|[57, 64-67), olelt ol 9= SD

Eol Aol AlF7/34Ql FElo] BEE7] iFolrt, |
7R SD A2l AafFof gt Atofli= 332 AAFHI[58,
61, 68]2t 1392] At A+H69]7F Stk £3] Graham {691
SDwtollA] ®e] 27] GAIE AlQlstare $ollA] g4 Azt np
WA & AR} Sa7t EY sk HololA PPEE Helrky
aheich, E3t vlTe] iAol A o2 Holx] Pgke
], SD $Ato] Mt e f= u|AIAIY] &4olA] 7]Qlsk= A
olgtal Argstairt.

PNFA& ] Z7]of 2phLo] A2 329] g dof vjtf3
Q1 915S Holu] thE AR|7|F9] Feezl #g} glo] Wy
T 4 B Ao olvto] F2 k) whebA giEEe
A7} o]l 23 gao] s on Foidolol digt A
T A9 Gl AAolt), Croot [701 1982WHE] 19977}
A9 PNFAS e g goj2 2offl A7-52 kst
A, At 221o] oF 80%0ll st SA7E AR} W 247] o
£ Borhar ®askglet, o|2fgh Avkes W2 PNFA 3H4ke] @
& 7 Fololet FA ol E FubskaL gl ER
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Table 3. Summary of demographic characteristics of subjects, stimuli, and error types in 23 studies on agraphia in Alzheimer’s disease

Ref No.of AD  Mean Meanofeduca- MMSE* Speling Motoric-writing
no. Year Authors subjects age (SD) tion level  score (SD)/ Stimuli errors J.
' (M:F) (yn) (SD) (yr) severity
43 1989 Glosser 12(6:6) 65.83(12.85) 13.00(3.16) 16.55(4.79)*/ 16 regular, 16 irregular Phonologically Nonlinguistic
& Kaplan mild to words accurate regulation  errors
moderate error, phonologically
inaccurate spelling
errors
16 1989 Rapcsak 11 76.0 13.9 12.9% Regular, irregular, PPE, PIE
etal. nonwords
26 1993  Platel 22 - 7< 10-26* 10 regular, 10 irregular, PPE, Graphomotor
etal. 10 nonwords PIE (Substitution, errors (reliance
omission, insertion)  on capital letter,
separated &
shaky letter)
30 1995  Neils 23 70.00(7.17) 13.83(3.00) 22.6(2.45)/ Copying 62 words; writing PPE, letter
etal. mild to dictation 70 real words, errors (PIE)
20 regular, 20 irregular,
20 nonwords
20 1995 Penniello 11 56-74 8< 10-26%/ 10 regular, 10 irregular, PPE, Allographic errors
etal. mild to 10 nonwords non-phonological
moderate spelling errors
19 1995 Neils  20(11:9) 70.15(7.36) 13.70(3.21) 22.70(2.72)* 25 pair of homophone PPE (homophone Construction
etal. words, 20 nonwords, confusion), PIE dysgraphia
copying 62 (41 words, (difficulty forming
21 nonwords) words letters, slow rate
and laborious
writing
22 1996 Lambert 12(9:3) 61-82 6< 111025/  10regular, 10 irregular, PPE, Graphemic
etal. mild to 10 nonwords PIE (substitution, buffer,
moderate transposition, allographic errors
deletion, additions),
graphomotor
error (letter
malformation)
11 1996 Croisile 33(14:19) 68.9(6.7) 12.2(3.4) Mild 20.6 (2.2)*, Writing to dictation and Phonologically
etal. moderate spelled orally (18 accurate errors,
126 (2.9) regular, 18 ambiguous, phonologicalyl
18 irregular, 18 nonwords,  inaccurate errors,
12 function words) substitutions
31 1996 Aarsland 16 (11:5) 724 10.4(2.8) 21.1* 20 regular, 30, irregular, Lexical accuracy,
etal. (4 mild, 36 nonwords nonlexical accuracy
12 moderate)
37 1997 Hughes 31 (4:27) Minimal Minimal  Minimal 24-28*, 72 single syllable word Phonologically Allographic errors
etal. (11 minimal, 77.4(8.5) 9.8(1.8) mild 16-23* (24 predictable, acceptable errors,
20 mild) mild mild 24 unpredictable, PIE
78.9(7.9) 9.9(1.9) 24 irregular),
26 letter copying,
cross-case transcription
38 1998 Neils- 1 (male) 78 14 227/ 36 words Letter omission, Poorly formed
strunjas moderate addition, substitution, letter, stroke
etal. transposition omission,
superimposed
letters.
perseveration

(Continued to the next page)
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Ref No.of AD  Mean Meanofeduca- MMSE* Speling Motoric-writing
no' Year Authors subjects age (SD) tionlevel  score (SD)/ Stimuli errors errors
' (M:F) (yr) (SD) (yr) severity
32 1999 Glosser 23(15:8) 722 13.3 97.4' 24 regular, Regularization,
etal. mild to 24 ambiguous, orthographic related,
moderately 24 irregular, unrelated errors,
severe 54 nonwords lexicalization,
phonemic related,
neologism
44 1999  Slavin 16 (4:12) 785 - 12.88%/ Writing cursive letter perseveration
etal. mild to " (four times) with of stroke
severe varying levels of visual
feedback
27 2000 Pestell 24 Mild: Mild Mild 12 regular, 12 irregular, PPE, PIE
etal. 789(6.2), 10.4(2.1), 21.2(3.0), 8 nonwords
moderate:  moderate moderate
758(6.8) 103(21) 142(2.0)
33 2002 Karvie& 14(8:6) 68.93(7.91) 13.64(3.39) 22.14(2.25)/ 20 regularfirregular
Neils-Str- mild words, 24 pairs of
unjas homophone words
28 2003 Luzzatti 23(11:12) 68.4(6.6) 9.8(52) 19.73(3.48)*/ 80 regular, 55 irregular, PPE, PIE, semantic
etal. mild to 25 non words and morphological
moderate substitution
45 2003 Ardila 1 (female) 50 16 91® 8 words, 10 nonwords, PPE, omission,
etal. copying 44 words addition
46 2003 Cortese 61 77.5(60-93) 14.3 Verymild 20 real word, 20 regular
etal (CDRO.5), mild  words, 20 irregular words
AD (CDR 1)
47 2004 Groves- Mild 45< 9< Mild AD (19<)*, 35 real and 5 nonwords
Wright 14 (7:7) moderate
etal.  Moderate AD (13-18)*
14 (9:5)
15 2005 Carthery Mild Mild: 1.33 (4.53), Mild 40 nonwords and Regularization, Graphomotor
etal. 15(9:6), 73.93(9.97), 11.92(5.72) 21.73(2.63)* 40 irregular words (substitution, errors
moderate  moderate: moderate omission, addition,  (perseveration)
13(7:6) 74.38(7.90) 16.69 (2.39)* transposition)
48 2006  Werner 31 MCI: MCI:  MCI :26.6 (2.4)* Copying words Slow rate,
etal. MCI(18:13) 76.8(6.5) 13.0(2.7) AD:23.7(2.8)* and paragraph lower pressure
22 mild AD: AD:
AD (11:11) 799(65) 11.7(25)
25 2007  Silveri 22 mild, Mild: 11.14 (4.73), Mild 46 words and PPE, PIE, Motor pattern
etal. 14severe 70.9(857), 10.43(4.72) 21.50(3.19)*, 12 nonwords lexicalization (omission,
severe: severe repetition
67.43(9.47) 12.86 (2.73)* of stroke),
allographic errors
17 2007 Lambert 59 (18:41) 73.15(6.7) 9.1(1.4) 21.8(3.3)* 24 regular, 24 irregular, PPE, PIE Graphomotor,

etal.

24 nonword

allographic errors

*Mini-Mental State Exam (Forstein & Forstein & McHugh, 1975) for classifying severity of dementia; "Mattis Dementia Rating Sclae (MDRS) (Mattis, 1988)
for classifying severity of dementia; *Clinical Dementia Rating (CDR, Hughes et al., 1982) for classifying severity of dementia; *Neuropsi-Brief Neuropsy-
chological Test Battery for Spanish Speakers (Ostrosky, Ardila, & Rosselli, 1999) for classifying severity of dementia; PPE, phonologically plausible
errors; PIE, phonologically implausible errors.
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Table 4. Classification of error types on each dementia type

Dementia type Spelling errors Motoric-writing errors

AD
S))
PNFA
FTD
PCA
DLB
VD
CBD
HD
PSP

D> oo X000 O0O0
OO0 000 00 XXOoO

0, Errors reported in previous studies those ascribed to impairment of
the designated writing system; A, Errors reported, but mot specified in
terms of their cause; X, Not reported.

AD, Alzheimer's disease; SD, semantic dementia; PNFA, progressive
nonfluent aphasia; FTD, frontotemporal dementia; PCA, posterior corti-
cal atrophy; DLB, dementia with Lewy bodies; VD, vascular dementia;
CBD, corticobasal degeneration; HD, Huntington’s disease; PSP, pro-
gressive supranuclear palsy.
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