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Purpose: The frontal lobe plays a crucial role in higher cognitive processing,
encompassing language, cognitive, and motor functions. Writing requires complex
cognitive processing such as executive function, working memory, and attention, as well
as language, motor planning, and programming. This review investigates the roles of the
frontal lobe in central and peripheral processes of writing.

Methods: The ‘Pubmed search engine was used to conduct a literature search using a
combination of keywords such as ‘handwriting, ‘agraphia’, and ‘frontal' from 1948 to
April 1, 2024. A total of 658 papers were searched and 18 were selected.

Results: A total of 18 research papers were classified according to the pattern of
agraphia, with 8 corresponding to the central, 9 corresponding to the peripheral process,
and 1 corresponding to both. The research of central agraphia included 1 case of lexical,
5 phonological, 1 including both lexical and phonological agraphia, and 2 deep agraphia.
There were 3 research papers on allographic, 5 apraxic, and 1 spatial agraphia, which
correspond to the peripheral process.

Conclusions: Damage to the frontal lobe affects both the central and peripheral stages of
writing processes, including lexical and phonological processing as well as motor
planning, resulting in various types of writing disorders depending on the specific lesion.
In the central process, the frontal lobe involved in lexical selection and retrieval for
producing stored graphemic representation and in the conversion of phonological
it is responsible for converting graphemic
representation into motor plans that produce specific forms of letters. This study provides

information. In the peripheral process,

fundamental data that can be referenced for identifying patterns of writing errors caused
by frontal lobe damage and for differential diagnosis of agraphia.
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AOX| 2 HA(H33H H33)

Sh7|% gtk

Hj21% AHTE HhoA F& ol Fflo sidtle Bl A
A% mA(ventrolateral prefrontal cortex)< BA 459} QIe
BA 445 xR} HZ9 HE FE HFA(left posterior,
inferior frontal lobe)2 9% ‘B27} d9(broca’s area) & &
g T Ex o] AE9 52 A9 7IsH ¢ FEAd4
(Carlson, 2007). ©] ¥92 &4 ol& Azet 22 43
Bj49] ARgolu} <Qlojo] AREENE ofEt FEARY FAE
SHolA AojE oldfohz Aok FolFtKSwinney et al,
2000; Zurif & Swinney, 1994). 117t AFo] Q1AL+ Qo]
A o 7)ofsks AT A9 JFE FYohe HIA
71 8% Aol ERIENT. ada FiQle] Z= H9
FEHU 2719 o7t UYRol= Efcla, HE5 FE TS
oy FE FAFRT 22 AFFY EAT FIde2 9IH
o] FAoA Ao AFE HoFQt B HIoe &
HZ HEE, Ay =, I8y BReEggor pAH
o A= IR Xdo] HGAE R4 APY AHoF
(nonfluent variant primary progressive aphasia: nfvPPA)Z}
22 EHPAY Adoofe welew HuEItHCatani et al.,
2013). #& HE oAFE WaAE HEHAHY WS A& Z
Is Zdoled, ol W&ol 59 wolER Zlsoiu HA
59 =Rt A AEEA(telegraphic) 3kl FH|
& Cojdth AR 98k 5 A 2T ot BAF A
%5 Zoksl(Miceli et al,, 1989; Thompson et al.,, 2015),
4E ke 7158 dACIMY A Caramazza &
Miceli, 1991; Martin & Blossom-Stach, 1986), o3 &,
Ee ARE #AY7I9es QF g9 #S fAtke H
o] Agto 7 dj4E 4 UtHLinebarger et al., 2000).

99} Zro] HAFHL Foi(verbal language)idt oLz}t Fof
(written language)S 45l Aldsto] Al&dh= P$jof| o]27]
7HA] TheFst Qlojd o] Mdtygoz HoiStHPurcell et al.,
2011). 2ol 58 & 53] 2719 A% BEXS A4 7)A
9] Az] o] 719k Fa k. ol=E AP P 2HL E
271 H9(Roeltgen & Heilman, 1985)°4 AAISH Z+ TA 9]
S AMEE WA "R XAs Sskele 9AVE 283,
ol IA off AR} &2 HAEE o|FoA Yok 279 FF
A2 I (Patterson, 1986)0]gt Eel& o] IAojA= Tl H
AH EAol et & 7] AR F sUE FE E8dEd o
AEE AT B2 ZZH0E AXNE ASE BASt] YREAA}
H(internal spelling dictionary) &+ #2013 (orthographic
lexicon)oll A ©ol9] A4 HFE A HER SA4-24 7H
o] EUAolvt mTAo Adglel uolfAAE E/ststo]
AR ©olo] oulE ANt FAE Al B, 32 A=
= AAE Aol AR k2 Toll Hldo] E= A ol
olQl AE 0=2A 4o &S] tdEe ALE MEsiy
At} 55 A9 A ol 2719 AA| 3 GA= ozt
7] Holliz A3 dAE AX=H olde 5 Ao &4
3l dols dAFeE AR ARE RS #AAZ AU
Tols AEE7] fof g2 AY B AXA =Hedl, 9A 2
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g By 2Ae) Fehg ) 9o o)X BAz S B
ololl Helrt Hej Bl BYS AN SR 2] 25
o A% 9 n2IAYe eANNE 29 A/ 9 &4 3
WS 295, AFUS QM WL e 5 45
$aluA HB3HoR 2% Y ) LAY AR FHS A

5, SAE 2t W2 EAE AFse udt J=E 59
1

Aeg #2429 Hust 2elgel Fejz 2@ e 24 3
dholl ot A} vlo] Ao kS A& SIEt &5 A2

9 Z2 79y 25 HY gACA 29 Wiy 3t w4
< At BAlOl 2471, 9, A7ls 59 oAt 2l
A A2 gt AYs] Feakagitt. JY7lsoly &Y
22 A AY PFE F& Hches AFFS UL A H|wst
of 7 A Wdo] o]Fojx= AeE %A UrHRomine &
Reynolds, 2004). wetA A7]o] AFgt Q1A], o], &5 59
749 B3t BA 9] Abgol sfdets 27] 582 o] 5= H]
wste] PAF Tzoll § ESHHEA H =2 A7 £5E=
(Hagtvet, 1993), 549 153t Q1A A 7|5E wYsh= o
o] 2 #7 2 & Q.

AFHS 27] Ay B9 Aol 44 FF vA & Sl
U 7 55 A L HFe Yoy A7 FE o ¢
=2 Ao Slojx9 & SFAY FHFY Ao xHo] &
Fox QltHAlexander et al., 1992; Maeshima et al.,
2003; Tohgi et al., 1995). AFHY] 3¢, 27]e A 9T
< 3= Uz AP 3P IR DA F3Eo] ==tk o]
of 2709l F= A7 P} Yx AP P BT ToiF
U= AFAY ZELHQ] A%} 7|52 EMotar AR A
FUAE FHESIaL FolE7] A= Aotk &5 A7) A%}

AgFolal B 17 AL 1EAsy] AsiAe EF

9] IS HFeE X F9 719 SHH YEYIAE 2T
87t glomw ZRHoly FAHYY tEo] MFEHY 9
S ojsid Hart Sk o]dt WA ARHY HAE
H7focal lesion study)= Ef 97 FEEE %
o] izt FEEE AFT 2 DoflH= A
oAU ZFRE AAF A0 g AAFA
to] AEHY Qdof, A, 254 750l 57
Z GATA o2 2719 A oA 24 ojwdl ATE

| BYA ZHolAe] AR 9B DAL

i >

N
rlo
=

wok &
of
19

ok it

b

2

32

i
LB
N

0.
T
I ¢

M

2ol oR A1
HT
jop
o o
ojm |
ol

()

o
ek
2

>
=)
i
[¢)
ol

oy

AH
AR

Ao
rQk

AT AFFY &40 Q' P Yoty el gt
Hoto] Z42 MEDLINE Ho]EjHjo]Ao] HEE & Sl= 7l
oJst wA#o] AM  AA(https://pubmed.nchi.nlm.

4
g e



=3
=
[0)¢]
@]
=
tlo
o,
oo
S
38,
£
n)
o,
i)
=)
)
[>
1o
o
=
>,
SO,
=
9,
1o
Q

< T HE A2 TES 4 Qe HMo] HHo] ogd=
A& 1Hste] 27|19 BT HE AAS

Hx=E 5tk AMol=((spelling OR handwriting OR
writing) (agraphia OR dysgraphia)) OR (frontal, (agraphia
OR dysgraphia)) NOT (student OR child*)o]%leH, olE &
o 19489 19 19%E 20249 4€ 19 Aol sfgdst= &
65849 7t A=k

FHE 658HY AT F AFYY &FZ Hashy A7) 34
£ 59 EA9 7] 5L IS AFE FES] Hel oht
2 A9 71 F8sisitt AA, o] E7FssHAY SEE
ATLE AQstgict. =4, Fdol 7ted AT 5 20l F&
o7 ZAHA g2 ATE AYsisitt. A, 2 Aty A
9] e 4oz EwE HLE Aol wRIeR AR
Hot TRt Havks BusAu 27 A7F m3EA] ot
AT Y Bt BE7Fss A7E Akt 43719 7]
o wet F 11799 E¥o] HF 24 gies AAE9C
o, o] FoA HFEH o= BHHE H1g A= 18%o o
Il cHFigure 1).

[e]

Datakase screening(identified articles fram
Pubmed)

( n=658)
Duplicated literature & notfound | _ _ __ _____________
£ n=166
First eligible articles
(n=492)
Literature not written in English(French.
Japanese. Italian, chinese..) [ s o o s s -l
(=31}

Second eligible articles
( n=461)

Review articles, Books

(n=35y  [ooTEEEETEmmmmmmmm 'l

Third eligible articles

( n=426)
Non-relevant lesion(not frontal lobe) and
excluced writing task [ ———
[ n=309)
Fourth eligible articles
(=117}
Frontal loke and cther lesions reported
simultanecusly with writing tasks e s s s s o o o o o o o o s o -l
(=99}

Final eligible articles
(n=18})

Figure 1. Literature search and selection criteria

2 AoNE A EHEE IXF AE A2 o] 7§t
tol X 9 2759 IS AU o ge] ARREHe &
7] 2] EdBeeson et al., 2002)° 7|¥ksla] BASIIT

re

Of

B4 A, 7wl Wt UeRd & Qe el o) 44%
o 39 RYPOR kol ANHoR BESET delw 7

ofs

19 93] Wt F2 Buse A9 U TARY Wac

M7| X2 YoM HFEY TIs

| Visual input |
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Phonological input
lexicon

Object recognition
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Orthographic input
lexicon

1
|
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Phonological
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Orthographic output
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Phonology-to-orthography
conversion Buffer

Apple  At2t

Figure 2. The cognitive model of writing process reconstructed
from Beeson et al. (2002)
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20249 48 1970 JAE E37k2] Zgdste] 20204900 118
(9.4%)°] EI1=|9rt.
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AOX| 2 HA(H33H H33)

199 Aot vlu Aot S5 AR A7 Al 1689 A
T 95 g A7 dRES 2R 94 1083 94 10
o= F 2070, ol Bt Y2 574, 1Al 199
figto] At floje AR LEEF0IAH. BUEH 5“401]*1 al
gol SMEA o2 18] AT ALt F 19 % HES
%é o= QIRh Ey A 149, AT,
o(};% I3 —a‘:_} o]:x—} A5} 31:& 9,]/\]—/%1 1,:]
17501
Folut 27] IAIE Sl Zld AP 3 SHolA
7IEoR A Hiet 0111 HE Ag Xl wet 2
, 35 Ag e Zgel st £3o] 8%,
sgshe &ol 9’?4_, mERA
ol 25 Fgdshe £ 1HoR E4EUH. °lF,
g oz ERd =39 A2 oFAS 1 =
AT 5H, offfdNSE F2AMTS BAE A4 Hakt
, AEA ASUAT 2dolle. Tz AP Ao
o] 42 oA Aol 3¥, dFUMT 0¥, I
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Roeltgen¥t Heilman(1985)2 7|&2] TdlofAe}l iz}
2 ZRY Ado} H{et " JA-AF A HES
2719] F5 At stal, olF9 FHAY &5 Aoy &
Ay S 2719 T2 AR oFH, AL 3 o] =3
He oY 9AES ABAEEEQ 714 B dEstH
A AAFY FE ERSIT I 2719 S5 A9 3
oA UEHAQl AT &2 FE ERYS FHeE OF
ojglon, TP £ U2 AY A HFoiF 1
gy AFYES QA 2 576 HEo] dos7A Bd
et 715= @EShL lonE A7]o] qlojA wWx AP HA
9t oyt S5 AP o B 4= Utk

o

=% X2 B

Hols Aok dA9 ® % Hzlog ojs] Azl S
BEREE ouiet 5% FHE Fdste] 4ok ofet 27
o 5 Al oA % —r‘ﬂ% 0e Y JI9t ddEo] 5
g AEE AR 9 &0, S AR sHFY A
SAL BARRE 22 FARE ofF]9] JIERTE ofyzt HAF Ao
%93 98 Y93t Gonzalez-Fernandez & Hillis, 2018).
o7|Ae o3 9 &2 AR Aoz TASH: AT IS
TR 7153 ABA|o A HIIT

1) o2lEMS

o3 AEE ©ol9 AZHQl S EFote] BHolR &St
= 4 AztHRapcsak et al., 1989). ujdog =gt ot
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s J%ﬁm Feirtz o3 A=Zo|x9] ARfolgol et H

E ot ool A4l 47t BAATHE B7E
Toi7h x3tE oJFAAY &gor 2719 ofEZo| WAYSH=
ofFHAT TR AideR BEE 32 AEE o A4 A
2 2aeh "ot I719) o3 AMZ A(EL R o4 uF
F9] &2%-F4 HM(temporo-parietal junction), & HZ& &
/5F&FolR(BA 37) B-& Z 1FO]E(BA 39) ¥¥E E3tHRoeltgen
& Heilman, 1984). o|2A E%-F4 HHE w¥e T2
o3 HA=7t &A= HAd ﬁ*k’ﬂ et o] ofHYAWA I
HEog 27 Bt oflzt g7loME sEo] AstEe A
Halo}h Egh H[dolof vls] I&PH @] HAE &S &
op], 1RIE dojo] Hls| A¥lE ©ojo] 277} o A
HYtHBeauvois & Dérouesné, 1981; Hatfield & Patterson,
1983; Roeltgen & Heilman, 1984; Roeltgen & Rapcsak,
1993).

=y AR AFelME —ii:r-—‘:r" b ﬂgoﬂ oy #H&
T FHE uArelal AARS HAT %Wﬂ B

ooz ofFdAZT BHE F9s SF-FHHoER & A
71 o3& 4 UHCroisile et al, 1989; Roeltgen &
Heilman, 1984; Roeltgen & Rapcsak, 1993; Rothi et al.,
1987). B3], #5 FHAFABA 44, 45, 6) &2 Z’?JOPO]E}
(precentral gyrus) HHOZ QIS ojF]AiZo] HIEHA, F

e oA HAFH 1[5t o] HiFEATHillis et al.,
2004; Rapcsak et al., 1988; Sakurai et al., 1997). Hillis &
(2004)2 = THEFABA 44, 45, 6)of5t =5he HHES 3““9]
AL mFE HEH o|FY7|e} ¢7] £ Hold, Eo] F &
7] “Eﬂoﬂ oke] &5 o3 AMS(pure lexical agraphia) G4

Hooky ®Hyslgich dutdoz dEd 25-FHY(BA 3

39)03‘3% 013] ] Fgo] ko] Tolsh} 2E-TAY o
o] Hyle Hxjol3|o] HLoke T It a(y\

Dol 2% JFE FH, ©HEO olgdrIY T2 <
T @2 HFIth v, SHTEAY BA 449 4599 % :LX}
£ 27 A X 3L &5 AgeE wdlele IFY mh
A9 dASE Aeich mEhd HEo] #WHol =3t &
ofFAATE HRl Y Al #HE $HAFHO 27 &9
of ""‘}7@% o3 HAx #o=Y HI Ao Toldtkes A
< ulgltkHillis et al., 2004). 1)1 AR} Blwsl] &
A AZRAZIE H ook Zae] diste] BA 449} 45=
HEAR AHuapel 22 FA12Q Fey wsle] ik 84t
HafAlE A o3, run- runnmg -runs)?] A A4S &
gole A4 B8] F8% 7|5Z WIUHL HIsYh o
o] JFA HuAReE 22 ‘—éqp‘—? 847} HoljAe AR
BARE wlwste] B o] fRE EASY Ad"cle A
o] 87&EcKShapiro et al., 2001). °lgt AHIES HFHY
Aol 2719 "z AY o] ATEA Gere FE DR
Skl Qlet

AFHY HAR =3 AAMF P2 Fo] o199 dojHolA
T YRt Sakurai 5(1997)2 249 247} gl FE 9

HES3FAHphonogram)?l 7FHKana) 2t 249 47t of-851X
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A= HOEAKideogram)?l 7HAl(Kanji) 2710149 4342 5
Z|(dissociation}g Hole F B9 Uold T4 AHE WIS
ot AAES e 7I5kE: T A EAE o|FojR|e Hol=
Aol wEt tofsl A2 ddEng Eqpgold] Y ST
9l Fefof] &3ty ot A(Sakurai et al., 1997), 7H4et
wste] 7kA|9] f=3Yo] AslElz TRt HWHo] FH ol 7}
7 AREI O FEol| AT FAlselgo] sadow A5
2o FE3IC}, wekd 7k 279 97= Edolg QAEE
©ol9] A[ZARl 4ol AFES] Qe FIE SIEFEoERE 7
o|FY FFHAAS B9 AFYHY FHFOIF| =5l o]
AR ZAge] 7|et AU FESHHA HEHo] o3 HE9
Az Igo] QlojA 7o BEuEd JIET HE] F8% 9
& AR QA

2) S2ANE

A48 AE3] Ao ALEE TE S AzE 28 4
2, dolt Baels SeA0R s 2849 arse
7o) gheul AR WEsHe B34S Zet ol F2 o

o

i~

[T 2= il

3] o2 ol wdol(nonwordE WEle d dofdith
29| &4o7 93t 2244 Z(phonological agraphia)

A9, olf] Aol oEste] Brolgizle] Aol gl ol

AA| DolE thAlsl: @FRI ofF3}t °FE HolA Hr &
A EQolFH(supramarginal gyrus)¥ ¥A(insula) E§sH
F& Avj9Ad F(posterior perisylvian) FFL S-S
AESS fHole H4A2 sy, g7]e Ax7]o of
St 52 A79 71Ho& oJAFHAlexander et al., 1992; Bub
& Kertesz, 1982; Nolan & Caramazza, 1982; Shallice, 1981).

J2u, olojA TR AHIES FHE AHSAE 9 9d9E
o] ofd & HHFY, FALelR, B AT 59 Er
W et ARl =thd HHoRHE RHuEo] 32 Aje}
IAH A HEYTTL IF AHeAG Fol s £
xEo] S TFsAS AARItHAbe & Yokoyama, 1994;
Keller & Meister, 2014; Levy et al., 2023; Sakurai et al.,
1997, 2018; Tohgi et al, 1995). YolH9] ATE(Abe &
Yokoyama, 1994; Sakurai et al, 1997; Tohgi et al., 1995)
oA ZEA]o] Hlsf 7hte] 3ol AstEl= At HE FAH
SFolg, BA 6, 83} H& BA 9, FHFoIHY T 2/3999] H
A5 7K A5S Bsigith. §9], Sakurai 5{(2018)2 ohd
Fdoll At @A F9o] ZE Parcuate fasciculus)?] &
A2, d99] dolut Y SEH FRIL HlEYA FHoR
FE HAPfolgE Bofl AFPoE MudHta 6kt 7]
8 G A7E0] "2d, B2 g9 gt HE oFE
9| BA 449} 45+ S-EA Mo ARt A Fof
WA Burton et al., 2000), =45 = 93HDémonet et
al., 1994 Zatorre et al., 1992, 1996)& H3sl= Aoz H1

=, ol 271 A7 oMY 2 FEY} HFAY WAE
A A2kt

9]
o 27k TKssht AREIA e vl SeMo
4

A=)
dlo
o Mo

M7| X2 YoM HFEY TIs

H, HEolY 97l BRI 30] Thesh, HTol &
A3s H9l ¢F 324459 AlE(Marien et al., 2001)
Bl 271 AY o] EARE S AAVT 9% =4 F
do 2 Yo YAstr = oSt P

% SAFoIFY] WA AR(Tohgi et al., 1995)94%E HilE
o, Hojx tE dojd Aoy HEH 279 2 A
Aol MFHo] Tofdith= A Hojerh

N ok
&)
n

3) AEAM
FEAAE W] ofFjo] gt At #AS SHIEA AEsH]
HoliHe ofF AR 2 A2 HHd Jo& o] o|Fo|Fo}
StHHillis et al., 1999). 2719 5= A7 FHolA ofF 9 &
=27 HE AAY FEAEQ &2 BEY A2 F ojud 3
8o ¢ Y&Est=rtol wet AJoldh oF A opleith HEA
Ae)o] F ARt BF &dEo] 324 T YR HA AR
LT JFS W HSHAS(deep agraphia) A= &) U
£ o3 AR Bt} oEsk= Ake HolHA udel 0RE
HY £ 9t} o2 W&ot} 7|5ololA, A4 HdETt S
AA NdellA, 12 uHlE TolHth AWIE hojoA] Rl
OFE HRIth E3 S2AXSH TRIARE o33 oR: HY
g ok olgfdt Y AHIEE HiRR F2AASE fdtke
Aol AR HE SE Y99 Wl Hil
HoHBub & Kertesz, 1982; Nolan & Caramazza, 1982).
AFY B A2 SRS T W2 J99 At
Ao}, 121 AR 79 B BEAYY, AFEA, 1A
of @RE Tk SHETHMCAON LAt Aoz QI 4
FAAE A BuEY|E Sl9tHBormann et al., 2008;
Hillis et al., 1999; Utianski et al., 2018). 250l o] =
shE ASAAMT e gz o] o]y Yol &
= tofet oA A oA 2743t o3 Holu, AH o]
S7100A m|AQl @FE Holn|, &4H ofF-9jw] A7 27
o Qlsf wojo] wixet FAL e FEAQ HA o7t
YERAtHBormann et al., 2008).

ol

4) XtA-HIH FoH

Aa-WH Aol(graphemic buffer impairment)s= $3 WA
N SAE AaE WIS YAHOE AFH FA HAo|
Tz GARE o]fsl= oA A= Uehtes 0R/RE F5
Tz A7 g Aolof] BT £ = AAT oY 3otk &
A-Hme JZ A7t olRojAe FHoA AnY HEE DA
Aoz yslol= A7 JFS W=tHCaramazza et al.,
1987). #4719 d53ke B3l 7I9slor ske d=o 5 &
dogn HAQG7|Y HFHE JHEHOE [Aoh=t], Baddeley
(2000)9] #3719 mdo] @ll(factor) ¥ SFIE ATt A
Holl e ¥l o] FRE fAlkE AlAgE Jdsta itk
ol &3] SEE= 2719 A F Woprr]e FojE ¥
H A=FE 7195ka fASHEA BA; Ao B AEshe A
ojlng, A7 JPZ ATt &5 YACE AT A AHoE
FE7F FAECloF gtk g FHO §A AL A7 &
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AOX| 2 HA(H33H H33)

Fol JE et &3] F2 ARLeE dAFeE HEE
FAskE ZYolA HHE Ao wWlEZA dojdt). &, 27|04
247199 A= A=< dolrt oA AY Bt A=) High
AE FAY Teof o /UT 5 it

7t Aa-HE Aol 2S5 A5 99, 191 85 AR
T4 71AY 949 59 oget HAREE BuEQIrhHillis &
Caramazza, 1989; Lesser, 1990). ¥¥rEo =2 p4-Hw o] 23t
H 27] Zojg Bl AHEZ &4 Had =3EA 31 35
AFY, FH9, 191 94Re 559 32 359 7149 HH
o] ZH T HEF TAECl FE olFAHCaramazza
et al., 1987; Cloutman et al., 2009; Tainturier & Rapp,
2004). EioA AHE HFEQY WHHS T Ah-HH Ao
AMEL HFE S50 Z3E AFEF 99(Code et al,
2017; Piccirilli et al., 1992; Posteraro et al., 1988), E& I
Aot Y9 2t & AF-m4dot 9 HotrHCubelli,
1991). 229 A 5 QAT A A vzt Gk
HA9] AA-HE g W67 st tHArroyo-Anllo et al.,
2023). A&-HH A fofohs wEst FR29 A2 Pest
A gou, AAFHAY AL, wd-gdst 91t s A5t
A 27 AAel F83% I tKCloutman et al.,
2009; Deldar et al., 2021). &3 F& AFATo|g9o] AL thof
Zo] gy Fofel= Aoz HIEUKRapp & Dufor, 2011).
olFR A7 A=Y W AL-Hy A= AFY &
ol =3k AeHET tE JI97 AU Eo] FE HilE
At} &7 AEHY FH e J9o=RE A, B4 5
9] 77t AEE Aol HYEs 7lel7] wael MFEHAT H
Eol ofg] Y3t FA B} o]Fojx AoE FZtETHRapp &
Dufor, 2011).

2 oA AmE £39 Aa-wn o9 2 dukEe
E o2 2o AA, 9ol fXE SHolAN eFE Hol=H|
©ol9] YFAET FYOE AS4E oF Wkrf W HEE
HolA] "tiLuzzi & Piccirilli, 2003; Piccirilli et al., 1992).
E4, do]9] Zolz ZHoA oRE BY & QA Hoh "ol Y
=4 Zo|, AR o7t F7IdsE o577 WM He T
o] YePdTHCode et al., 2017; Posteraro et al., 1988). A4,
ol 52 Hgo] ofie} Agle] A4 X, A=, Hixet 2
FA QF{graphemic erron)E Eo|A HtKCroisile et al.,
1990; Maeda et al., 2015; Miceli et al., 1997). ufA|%og,
©oj9] Wik, FAL 283 H9F 22 ojFFRl 812 2719
o] FJS ujxA L=rHArroyo-Anllo et al., 2023;
Piccirilli et al., 1992; Posteraro et al., 1988). &, T &2
Q1A Aol Q== ©o7t Za-Hy dAo HiEas A
9] Aok = "olAH, ol 2719 FF AT I oA o]
9 32 2o WY AAR Ak AARITH

2. E= x| 28

B A BS Sl BYY B H9F 23
59 BelHel 20 W= AETt et 4uT 959
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1) OlA Zfoi

27] oY Al F4AQ AR #dE TAE s QA
EAQT ARG diaEAe] A 2o digh ", 192X
Lok wE LFmE o] gk o] aFH oY Aa-
HE gAo] AR AE Rl £ 24 FH Hdtke
ol A|(allographic level)ollA ZAdo] AT AMFT FFS
o] Aol(allographic agraphia)et ¥ttt ol oo A F
AR Ades F-TF 99 B IF-E5F GIoA oA AA
o] &Ao] yehdtiyl HAsHtKBlack et al, 1989; De
Bastiani & Barry, 1989; Menichelli et al., 2012). °JA ©4
o &4 Ao HHg FHY AAE Meste H ofHe
o st tiAFAE T8 AMEShe 2F7t WA De
Bastiani & Barry, 1989; Forbes & Venneri, 2003), £7%3%t
SHAS] 278 &AAAZE 4 UAtHDestreri et al, 2000;
Menichelli et al., 2012; Patterson & Wing, 1989; Richard
Hanley & Peters, 2001; Silveri, 1996; Trojano &
Chiacchio, 1994). E3l, o]A Ao AXEL o] A} 58
AlBZE 58] BEEY A 24 FHE ZAT, Fo| H]
<3 e AR dAlske @F7F RIWSH BAESHDI Pietro
et al., 2011; Ellis, 1982). o2} =54 Ellis(1982)= o] 4
A7) 5ol HEH oA Uehte Aa9 HiA 2F= o]
A @A #AT AA-2% FT(graphic motor codes) 7t ul
H(mapping)®] ofglgo] FHYHETt F7s13ict.

3, FHE ke 95 A5 WHo]l IZAEAHMaeda &
Shiraishi, 2018; Menichelli et al., 2008; Richard Hanley &
Peters, 2001), & oPAFY, A= d(anterior cingular
cortex)} WEAMT(medial prefrontal cortex) 99 59 A
Fgo] = o] A7F E1EICHDi Pietro et al., 2011;
Hillis et al., 2004; Matiello et al., 2015). %4 BA 44, 45, 6
of YT HAE 7 39| AHIE 470t Hillis 5(2004)2 ©]
Eo] A ool izt MY AFCE Yehie ofAAT
W olQoll, A9 HAFZ A B FHE ®sh= Y
717o] BA 6ol dthal Fgsigitt. olg2 BT tiARAY] Hg
HAE A=A FPotgoy 24 oot AJHglo] eFE H
A, Fe7t & dFol SA/E ARESHo] AAh-HEL AGPAA
39 7Fsd< wiAlskIth

E3, Di Pietro 5(2011)2 H2AE & 24 Xl 484
2 A= FARS Hole iER EXZ(capital letter-specific)
o[ Aol TS HiIsigitt. o|A Agolle] P At AF
9] Ffj2E o TEE Fold AT olgel YojEY Aol
T BVE}EY, Maeda®t Shiraishi(2018)= F 7FA AA|Q1 7}
e} sle7E E£85ke ofAl Ao ARl AFAGEE
9] #¥& 3EA7|E= %E(donepezil chloride)S FU3HAS o
Folgo] A o]A Aol FAo] THEE Fd= A



o weba ol4 Aol wo] FaH W] ofF E44 2ol
et Fojelsl 22 A QAA7)5 Aol FAg 5
o

o

|

Qe Aol olg o4 AAe) 7HoR YL J
Ugolx] grom, PelE Jelse] WAV WA Bee
geldt 5 9ick

2) HRAAA

olA TACIM LAHQ A BFE SYEE 249 FH=

HERt olfols, SAe] A7Iv Fof A9k Zol FAA 84

=5 Zeole] SAE 27 A% &F Aol ZHoloF
]_

ol

22719 &5 AY BoiE, AKX AgFolt o2 FH AAF
FAT BHHE S Qlon, §EOoR £t Al Zo] YERE=
AT Atk APAAMZTE dRHFHoE IIE APF T FH
2, FAE FH5k= ©l Slof ofERE Holn 2H9 4 AA
7t B7hst A9k mekEth ARAASTE FAHHY WH, F2
LA £fo] Hi&(Baxter & Warrington, 1986; Crary &
Heilman, 1988; Margolin & Binder, 1984; Otsuki et al.,
1999)9] A8 4aA(superior parietal lobe)olA UERdth o]
o 2AE BAotal Aok FFE0] SAEY, ApLEQ 27U
Hrol7] I 3 Al dobE 4= gl SAE ARESH ok &
| (stroke)o] g Ei= F7IEAL, A9 F7 PRI
PAAG FAY o] FAY7| 5 HEET, HARY] IA|
oAz HlEAHOR Fgt FYS HAlT

ojfdt YA AT ©ES HHozw BHIEQED, o]l&2
Bg7} 9ol 3gsh= BA 44, 459 AATol#9] BA 6, &
ZA9kol&(left precentral gyrus, BA 43 72 JF9 &40
2 A9 0] AAoln e oAl Adlo] gl= &F AY
AXZS EYtHAnderson et al., 1990; Hodges, 1991 Jung
et al, 2015: Klein et al, 2016, Kurosaki et al., 2016;
Starrfelt, 2007). & SIS &9 XIS FHlslL
Pol= A FHAQY 27] 5 oWAE AFEY LR
oz Wdlsh= 2P} THo| QUthKurosaki et al., 2016;
Planton et al., 2013). T3t o] Ao XAl BRI} I
T oRVERE &9 FZ9e] izt Aol o]Foid o 23l
= Aoz HIUEHRizzolatti et al.,, 2002). dl=T&o A7|=}
=3 IMRIZ &5 £7] Ao Hojols AFHE IS IRIg
ol w2, AAFolR} 24 FE BA 6392 £2X4 AE
o AHHoF FHofHRoux et al., 2009). E3], A &5 4

2l BA 42} 37 SAlskoldS ok, HesPHoEHN SF
g A FYoEREH HAFTAS AX A" #Z &
3 B9kt ALY JY(Exner's area)P2E LA =
2 =

ol

177

ic

n

R4

&}
ATl HRES Bayl g9 9% YAjsta] 27]9] P
o] o|FojX|7] M7HA Atk HAF TA|, oA A, 1 i
gt 25 Aok 9ATIA] 2719 Tz AT oA ok
St 7152 g9l o2 HQItHHillis et al., 2003; Jung et
al., 2015). whA sid P99 &4 Sk A9 ofw]A|g
AHRE ZAALE5YA(graphic motor pattern)2Z AHEdh=
oHeS It HFriedman & Alexander, 1989). Purcell &

En)

M7| X2 YoM HFEY TIs

Ol

(20112 AAY GHo] tjefst A& FHE7| 2 EAA))I
A A4S Hds 5 YPoE Hilshs IS Tt
ot E3L, o JH2 2R ofgh|of &At9] Hioprr] I}
AleA Zzt st sigdthdE 53 @48t olF0iA]
o, g JYo=riE Ak bt JRE g6l 27 A

£ FAPlE 982 ¥cks 2A2E 4EA SIthjung et
al., 2015; Klein et al., 2016; Starrfelt, 2007).

3) SUEMB

2t ol Adz = FHE 2] Yaxe 33 AL 5
g1} Aoagols A4 AE Z2adY AAE o /Y T
4847t H-EsHA wjR]=lojof git}. ol2fg 7|59 A Ao
ol it AZEAT, Ee Tlafferen) A5 0R HARE
tHUllrich & Roeltgen, 2012). H]-A| ¥ F4HY &40
QIgt FMAZTE BHE WS 31t FA] 5o SHkEo], ¥
9] 55 TRt AAE ARSI Bgol WEEth E3 ¢
HHESHAY, o8 AHS TI2A] FokAY, Aka Alolof Rl
7He AR9lek= 9 =71 A= CHElis et al., 1987).

AEY R =3k AT ATte 9] AlRFel =T,
HIQA B AR &40R AT Fiol HiEdr
(Ardila & Rosselli, 1993). o152 FA4Y W9l sy} vl
siole o AdHoR Augt AAT P Belom, 2& n
m, u' =4 39 g ARsta] F7kAY, ‘olla” HAl ‘ollla’
o Zo] SAE wHESI] AMESle &6 E&FO] TR
UeRdth ol deQl £ WROR QI ZXHIATY 4
A A FEEch

ol mo B

e

3. 28

AFFS o], A, 5 22 ot 58 s A
ol og F979 HEYIE 5o RI=EL +HE ok A
FE &0 7108 AXS A9 AE T ot 2
ok ®A, 2719 F5 Ay B4 AFIS A AZo] B
gt AFHL A Alo] 715 @] HiEol(Brass & von
Cramon, 2002) 559 F= FHH0ARE &8k oy 4
== AEE 5o &4t HAE 4AkEsh] Sl S 2Ag
THBitan et al., 2005; Booth et al., 2002). &, HAFE2 27|
9] FF A7 B4 BA FHE FFHow HHS] LTt of
319] Ao} S2-FA HE Ao ALt FAE Folll= I
of #oighS AARIE o2 HEFS 553 AT A At
29 F4HQ A HEE O AT IPoz Adohks A
Al &5 BHPoxo Wl s, HFTHoRE 5 A, A
4 245 53 29 94 e 93tk

ojgd% AFYPo| et ATZ Foll thHA o= AYsta 9l
S0l EFelal 7t A7) AY BAHoIAY AFRHEY AT A
gaos FEIR ot webs E 23 HEE Folo A%
Foll =2k AR QI3 AAFe E4S 16t AEsiSit=
Aol 2 A7 o7t Stk ol FEOIA HEY £40=E ¢
Bl 27] oF0] tigt ¢ ERlF} HE] AAlFol ek

pii)
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A A &89 = Qe 712 ARz Z8E & Sl Aot H|
= AR HAPME Aljtd ARl st O BnE

U gstlole ofsteel it Ee AME 3 F dFolAe
AARE ¥ Y AmE AT FZSAY, HHel o

5ol oJEste] siAsiir] wzel ¥kl el Higt £40]
O]FoIA|A] 3ttt FFol= & £ o] 7I§sto] iAo
2 FEI] ZRE AFY s % 359 dMs BES
AuEE A7 s A2 4 WIS 7Ide
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Appendix 1. Research on isolated frontal lobe lesions

Patient characteristics Diagnostic characteristics Findings
Author Task "
Age N . . . . | Writing assessment
(Year) . Hand Education Diagnosis Lesion anguage Subcategory  Subtype
Gr)  (MP)
Writing to dictation,
Anderson Craniotomy of Peft premotor c?rtex, located copying, spc?ntaneous '
- . . . in Brodmann's field 6, above . writing, writing . Apraxic
et al. 58 0:1 Right 14 metastatic . English . , Peripheral )
. Broca's area, also referred to numbers, written spelling agraphia
(1990) adenocarcinoma 3 o A
as Exner’s area (Multilingual Aphasia
Examination)
Writing to dictation,
Upper part of the left frontal copying, spontaneous
Hodges . i ~ Arachnoid lobe extended . writing, writing . Apraxic
(1991) 2 0:1 Right cyst from the superior surface to English numbers, written spelling Peripheral agraphia
the level of the lateral ventricle (Oldfield-Wingfield
Word List)
Writing to dictation,
copying, spontaneous
writing, writing
Ardila & Vascular, 15; Pre-Rolandic (6 patients) and numbers, change in the Spatial
Rosselli ~ 41.33* 11:10 Right 7.01* Tumoral, 5; retro-Rolandic (15 patients) Spanish  hanwriting style (cursive Peripheral P X
: . . . . agraphia
(1993) Traumatic, 1 right hemisphere to script and vice
versa), change from
upper- to lowercase
(and vise versa)
Writing to dictation
Abe & . . Left middle frontal lobe and (transcription into Kanji Phonological
Yokoyama 81 1:0 Right - - ) . Japanese and Kana characters), Central .
adjacent white matter . agraphia
(1994) copying, spontaneous
writing
) Left middle frontal gyrus, the ert{n g to dictation,
Tohgi o copying, spontaneous .
. . S upper part of the inferior - ; . Phonological
et al. 59 1:0 Right 11 Infarction Japanese writing, written picture Central "
- frontal gyrus, and part of the . ) agraphia
(1995) recentral avrus naming(Boston Naming
p gy Test), writing numbers
P1: foot of the middle frontal Writing to dictation P1: Lexical
. P1: Cerebral gyrus and the anterior (Western Aphasia ) )
Sakurai X . i X agraphia
P1: 69 . . infarction precentral gyrus Battery; WAB, 100-word R
et al. . 1:1  Right 12 ; . ) . Japanese i . Central P2:
P2: 76 P2: Cerebro P2: the posterior two thirds of reading and writing .
(1997) . ) ) Phonological
vascular disease the middle frontal gyrus and test), copying(WAB), .
. - agraphia
the anterior precentral gyrus spontaneous writing
. .Subactfte Writing to dictation,
Hillis infarction & Left frontal cortex (includin; written picture namin Dee
et al. 82 0:1 Right - small amount of ! ing English ! Pl X . : g Central p'
A operculum) (John Hopkins University agraphia
(1999) hemorrhagic Dysgraphia Battery)
conversion YSgrap v
- . . P1: Infarction Lexical
Hillis Pl: ?6 . i Pl: 12 P2: Ischemic Posterior frontal regions BA 44, . Writing to dictation, Central, agraphia,
et al. P2:59 0:3 Right P2 18 . R - English A ) . A :
X X infarction 45, 6 written naming, copying  Peripheral  Allographic
(2004  P3: 35 P3: 10 S .
P3: Infarction agraphia
Writing to dictation,
Starrfelt 18 10 Right _ TBI Left premotor Danish coPYlng (letter, word), Peripheral Aprax1§
(2007) cortex writing from memory, agraphia
spontaneous writing
Bormann 18+ Anterior and middle branches Writing to dictation, Dee
et al. 48 1:0 - (Doctoral  Stroke of the left middle cerebral German  written naming Central o E'a
(2008) degree) artery (word-nonword) sraphi
Anterior and middle cingular
Di Pietro . . Subarachnoid cortex (l?rodmann area 24) and Writing to dictation . Allographic
et al. 59 0:1 Right 15 hemorrhage the medial prefrontal cortex French (De Partz, 1994) Peripheral acraphia
(2011) & including Brodmann areas 32 e, sraphl
and 9 on the left side.
Kell'e r& Pl: 46 .. . P1: Stroke ) Wrm.ng to dictation, Phonological
Meister X 1:1  Right - X Left middle frontal gyrus German  copying Central "
P2: 61 P2: Stroke agraphia
(2014) (word, sentence)
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Matiello

et al. 56 1:0 Right - Ca.lvanal' Left frontal lobe English  Spontaneous writing Peripheral Allographm
2015) metastasis agraphia
Jung et al. Trlangulér and opercul’ar parts Writing to dictation, '
(2015) c . . of Broca's Area, Exner's area, X . Apraxic
X 52 1:0 Right - Stroke German  copying Peripheral .
Klein et al. Insula, Internal capsule, Parts (word, single letter) agraphia
(2016) of the lentiform nucleus OIG, Sitigle fetie
Kurosaki Cerebral Middle and superior left Writing to dictation Apraxic
et al. 60 1:0 Right 12 X ; Japanese X Peripheral .
(2016) infarction precentral gyrus. (single letter, word) agraphia
Sakurai Subcortical Opercular part of the left Writing to dictation Phonological
et al. 58 1:0  Right 16 Japanese Central >
(2018) hemorrhage precentral gyrus (kana) agraphia
Levy Grade V Phonological
et al. 36 0:1  Left 18 Left middle precentral gyrus English ~ Writing to dictation Central X
(2023) astrocytoma agraphia

* Values represent means.
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