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Neuroanatomical Basis of Apraxia

Yong Jeong, M.D., Ph.D.

Department of Bio and Brain Engineering, KAIST

Apraxia is a cognitive disorder in which the patient is not able to carry out learned, skilled movement
despite preserved motor and sensory system, coordination, comprehension, and cooperation. Several
types of apraxia have been postulated according to the involved body part (buccofacial apraxia, limb
apraxia) or to the pathophysiology (ideational apraxia, ideomotor apraxia etc.) The main brain lesions
for apraxia include left parietal, frontal cortex, their underlying white matter, corpus callosum and some

subcortical structures. In this review,

the anatomical substrates for apraxia based on underlying

physiological mechanism will be discussed. (Brain & NeuroRehabilitation 2009; 2: 57-63)
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Fig. 1. Liepmann’s last version of the stream of action control.
The movement formula is created in posterior brain regions (in the
image corresponding to the temporo-parieto-occipital junction) with
a predominance of the left hemisphere. It is transferred forwardly
to the sensorimotor (central) region. The three circles denote the
localization of three variants of apraxia. A posterior lesion prevents
creation of the movement formula and causes “ideational apraxia”.
A vparietal lesion interrupts the connection between movement
formula and motor execution and leads to “ideo-kinetic” apraxia.
A lesion in the sensorimotor region itself may either cause a
combination of right-sided hemiparesis and left sided apraxia or,
if incomplete, destroy motor engrams of highly overlearned routine
actions which Liepmann believed to be stored locally in
sensorimotor cortex. This would result in “limb-kinetic” apraxia of
only the right hand (from 12).
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Fig. 2. Heilman’s postulated that parietal lesions destroy the
movement formula itself rather than disconnecting it from motor
execution. PMA = premotor; MA = motor area; SG =
supramarginal gyrus; AG = angular gyrus; W = Wernicke’s area;
VVA = visual association area; VA = primary visual area.
Movement formulas are stored in angular and supramarginal gyrus
and are from there transferred via premotor cortex to the motor
region. When gestures are performed on verbal command the
movement formula is activated from Wernicke’s area, and when
they are imitated, from visual areas.

«59



Brain & NeuroRehabilitation : 2009; 2: 57~63

qole AT BELFYAS] Jusl SuT wEe
oz WFs BeA dud Zo2H s
Bz,
b 27 Aa3t 329 o]4o] low A
®3 oA AFE AI7HA] HRS e & 4
Utk AAZ praxicono] EAs= L FHYE HH,
SAE FHT AEY B, A= wF Holth YT
HHo] o3t AdFS AF vk I3 "ok o] 3
O Z A3 (callosal apraxia)o|g} it} oju LHEZ2
derel olo] Yuz} SMTE AeksElx 2 vehgrhn
W2k % et AT AN et AAGE 2RE
wQIth, maha ghes] Qlo] R Ao Aol gt A
o] obde o & ek

FAE LT praxicon A e B WAz
praxicon®| {45 2] ¢k AFY HHE vjws) Bk
E o 57 B89, 2 ol tig A3gFo] AR yEhY
= @] 27 th=2rha vk FAY ¥ S &
¢14](gesture recognition) 7]5-°] oA} (& E°1, 7t
AE AHESte 52, 4R BE A 5%, BN E
ANt F& = HOFAL o] FolA Falo et F&
o] ol ZIAE £l B) AFH ¥ /I &A= F
Z}o] A o)L} FZto| sl (gesture comprehension)E 2 3t}
A o R e R B s o e i e R
TE” o] B =AGT} tEo] BAAHo] QT &5
= WEY o 443 HE= ASAIZ A Z(mirror neuron
system)7t EA5HE FARAY 2T Eof AYZ B3] F
Zolalolut F2 R FolA AZFARMEZAT BT
Aog yztem g’

A Fo Bojst= AAH R BE 6 23
¢ 71AE AR At gtttk SRS AA UEr

= AYFY o7, 53] BEXAHYFY L7 UF
£ AHA, 4 efolth wEtA djREES A¥S o
AAA F& T2 o2 5t A Y= ol A=
o o Atk & S0 TR et AES e o
AP gt Aide] AdET Y B 5 Qlrh of7] oA
Goodalex}+ Milner*7} 238t how pathway (E+= where
pathway, dorsal pathway)9}2] A#/dE F53 & 5= 3
o} 2, AgZe] 8hol thrbrbr)/A ] (reachinggrasping:
A %= 3] 2 (parieto-frontal
systems) 2] ol ot & 4= Qlrh o E dHoRE &
A7t A4H R o Ro] Ao} SR ofo] Tofaki
HAFXZ 3] 2 (fronto-striatal system) 2] Aol = Al3)=9]
42 B 5 otk Zze] g Zu AR ug

t}7} 7171/ 7] (reaching/grasping; prehension)E& #A}3}

R oft do

et

A

lo o\

Sl
b rlo

x A
ot

¢

it

prehension)E& TA5l=

60 »

£ FAAFYEE R ekt =7t EAFT A&
9] A7t UsolE o83t AFol7] el s A =9
7t AR AFEE AR g GAATNAE v
3t ATEo] B EI Qi) o]of= thrl7}7| (reaching) &
AT A7 ARz ARE Tt AR A= 3
2, ZHAlol] tigt = So] F= AFEagy AT A
oo 2A3tH, sHFEFLGAA A&t F 2ol 7
(grasping) & 9%t 32, 9 FNHAEALE A% 3=
Fol ok olelg H2 T4 Rohe AWFS FUshe
Wl Relel AA . £ b9 1) 5o 3
A PET, fMRU™? 9] 7153 gaate] 2
£ 22 290 B4 1ALE Busha Heby A
T2 4o7)= HHEo] olgd IJrES A= B2
o] &4 A & Aom Holn thfet o F A
o] ol% 5|2 % o | 32e| EAbolLfel we e
Aoz gz,

Praxise] TlA 2224 Q4449 250 Uk 715
4 GiaTEe] AnE B9 A4e5ol B
ol A F7AAZE YUtk WA AEAo|H
& Aol R2EE9Y, €A A5 4, 714
(F= 9z 75T 2% 2 o]FolX 27} Hofsi, A

& B4% A% &5 3 Aldde o8 A4y g
A ASE, AA719 ol atHo HHAFY, AEF
o, Az 9] g2 HEo| FAsH= 3|27t Uk Ay
FZ olFNA s &5 WSt F2VF WAT A
o2 AAHA A2 AdolA AAF HA Aol =
T §lo] 35| Yol A5 5 2ET= =S
5o #ost= =7 ¢ Fofstes ALE H 9]
I 2E &FY AUNHEFT], FAHF, ARFY AT
A TLE FEE7| g2l E4F 0 ot ohget F
9 £ LFE HY & AehPP

o|olof] APFH WHE A=A Tt AAof it 9
1] A H (action semantic system)7} Qlt}. o] 7|59 £AF
Al =9 o]W7|7F ¢tEE  7Hd A3 S (conceptual
apraxia) o] UEPAT 4178 ReHA Rl SR A
NAE Futpe] B4, H5, TEY o] whs Hejolmt
715 BT FE S-S Fol% (middle temporal
gyrus, MTG) 9| F|& R L7} 0|23t 7| 5& 2L okx
Busgeh®

o] 2|3t 7] &%

N
u

[

lo
™
oft
o

u
o
L")
fr r
0

i
2
ot

O

&
_>‘.]_|’
o
)
+
pass
o



To spinal cord

Right

MOVEMENT
REPRESENTATIONS

CORP! | CALLOSUM

4

e oy
g

To spinal cord

Left

Fig. 3. Cartoon of the praxis system and the injuries that can induce the different forms of apraxia. O-R-U, object recognition units.
These visual representations are stored in the ventral occipital-temporal cortex. L-S, the lexical-semantic network. The other modular
networks are labeled. The arrows represent the pathways that connect these modular networks. The lines with letters attached represent
either damage to a network or disconnection between the networks. Damage to the different networks and their connections induce different
forms of apraxia, including: A, ideomotor apraxia with impaired pantomime to command, imitation, tool-implement use and impaired
discrimination; B, intrahemispheric disconnection ideomotor apraxia, with intact discrimination; C, premotor ideomotor apraxia with same
symptoms as B; D, callosal (disconnection) interhemispheric ideomotor apraxia and/or callosal interhemispheric conceptual apraxia; E,
intrahemispheric limb-kinetic apraxia; F, intrahemispheric disconnection limb kinetic apraxia; G, visual intrahemispheric dissociation apraxia;
H, verbal intrahemispheric dissociation apraxia; I, conceptual apraxia. Some patients have movement representations in both hemispheres
(right hemisphere movement representations are illustrated in this cartoon as a cloud). In these patients a callosal disconnection; J, verbal
dissociation apraxia of the left, but not right hand (from ref. 46 with permission).
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