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Walking Abnormalities in Children

C TR A

Masaya Segawa®

Abstracet

Walking is a spontaneous movement termed locomotion that is promoted by activation of antigravity
muscles by serotonergic (5HT) neurons. Development of antigravity activity follows 3 developmental
epochs of the sleep-wake (S-W) cycle and is modulated by particular 5HT neurons in each epoch.
Activation of antigravity activities occurs in the first epoch (around the age of 3 to 4 months) as restriction
of atonia in rapid eye movement (REM) stage and development of circadian S-W cycle. These activities
strengthen in the second epoch, with modulation of day-time sleep and induction of crawling around the
age of 8 months and induction of walking by 1 vear. Around the age of 1 year 6 months, absence of
guarded walking and interlimb cordination is observed along with modulation of day-time sleep to once in
the afternoon. Bipedal walking in upright position occurs in the third epoch, with development of a
biphasic S-W cycle by the age of 4-5 years. Patients with infantile autism (IA), Rett syndrome (RTT), or
Tourette syndrome (TS) show failure in the development of the first, second, or third epoch, respectively.
Patients with IA fail to develop interlimb coordination; those with RTT, crawling and walking; and those
with TS, walking in upright posture. Basic pathophysiology underlying these condition is failure in
restricting atonia in REM stage; this induces dysfunction of the pedunculopontine nucleus and consequent-
ly dys- or hypofunction of the dopamine (DA) neurons. DA hypofunction in the developing brain,
associated with compensatory upward regulation of the DA receptors causes psychobehavioral disorders in
infancy (IA), failure in synaptogenesis in the frontal cortex and functional development of the motor and
associate cortexes in late infancy through the basal ganglia (RTT), and failure in functional development
of the prefrontal cortex through the basal ganglia (TS). Further, locomotion failure in early childhood
causes failure in development of functional specialization of the cortex through the spinal stepping
generator-fastigial nucleus-thalamus-cortex pathway. Early detection of locomotion failure and early
adjustment of this condition through environmental factors can prevent the development of higher cortical
dysfunction.

Key words : locomotion, antigravity activities, serotonergic neuron, dopaminergic neuron, higher cortical function, age
dependency
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BEEBLOOBREAINDY, Zhd0Ekld
SSG ZERE & & 59, — 7, IMREEEIED 1 D TH 5 EIH
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drome : RTT), bw» vy bEEEF (Tourette syn-
drome : TS) 3% 3%,

BRSNS, 0aFE—Y g yOREOEIRY 7
i, SWIYRXLDFEECADL I DDLRY 7 &—FT
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64 B IBESFR 1 ECIMT 288 B2xKy
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BEORBIZLZbDOBEENS,
HEHE T, dwidv, HTEAETH D2, vk
WIRFIERRICIITC, EBEE, BHEEE s 5800
(Fig. 5d) % & 3, &7z, BT TR IS % & < 3,
REBTET 2 L BIEESIHNS (Fig.6), i,
BEHREZERENT SSC OIFEL TRERER 2175
Twd I %R L, SSG ~DOHEEEREKD» > DA 2K
{ Z ERRTY, HEE T, B0 DA EEE T I HE
T b RARRREIED, L8, HEITE, 72, 5T
HEETCHEET 2L, HAoRE, EBEIN:
ERUZ L2OMBRESTAC DL S, HEETE
S50, HaPEL X 2HE - OTR, £/, B
BN ESEENEARE T, N4 N1 D & D BBk 5 Y,
OEERERAT, BEREERITRRT, %7, HHEEMC
HERORY (REcER L, BRAERTER 145
n3%, BEEROBTEEZIFICLVERICT S &,
IS DERTREESN, ThH5ERUNTTHh ISR
BRLWET S, I, SSG 2EECENLT S 2 &
25 Fig. 3 1R L 7o — SR RIS, = 1EM — R AR
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2L, KEXOEME, SsEESbOFERCORIT
TEEZoND, EHTNEIE, WMOTHHEEEMMERT &
&bz, atonia O NREM iDL %52 LT,
Z ORI S PLENHOEEMIEE L Tw b 2 LR
a5, Mori 591, FIffc & D EILTESITE AR
W L7 =0k 9L R BRI MRI THRE, ZEEE-H
IR — K e EEN T OB D LR 2580, ZRBTH T
DOEFEEEELT 2 EERBLTWE, ZhiE, $E
HEHR no guard T L TR RFER 2R T ZEHTH
AEEIC TR o e T, BT TIEE T 5 Lok
LT ERRBT L,

RTT W, 4 7B»5 1E3~6 4 Hichrd, BERSF
BIMCHBET S SWIXAFEEDE 2 2Ry 7 24§l
9% 5-HT =a—urBEESNDH, HEHHEE
HEEWRT, Fig. 5d QRO DEWNIIR &35,
By, $hbb, BRERRT, HMTREER AL
GV, WREERAERCIES 2 & (rocking) & & D ETET 5,
UL, RN R & BERITIE, rocking 737 { #7050
RETHBY (Fig. 1o LT, RTITOUIE— 3
> OREEE, BFE R, SSC AT T A HENG
PEMETA5HT a0 v OEEORBEC L 2
DR E NS, MBI LR E» 5, RTT 0EE T
W, FuviokERLEER (tyrosine hydroxylase @ TH)
WEMESEINCE T 245, 2770 7HlEOBES 2w,
ik, —fl PPN »#EHEZAMCEE, FEc S—F> Y =
A ANBRBERI 2R PV OBREREY LEMLT
BY, RTT OEE DA EMHETH atonic NREM i
L7z PPN MR T X 2 W REME 2R/ 4 2, 3 51T,
RTT T, 30MEEI L L, N—F UV UEOEREE
T L, e 1BITRD 20, ALY uaE—Y 5
PRI, 2T LI BB S —F > Y VR E R
&8, TOHBIKOEE I THIEHETARED >h i

Ppolz, I, IR TOT It~y a Y ORE,
HENBORE/S—F >V VIFICEL L 72 BE DA
EEOER T DR S Z ERRET 5, 851, 2D DA
EMHETE, AEEDY F 7 ARKREBEEL, s
ED/NELOFERIC ORI S L LT, KIKEERE
L, MEEHEEEE, Jhick s FEo&EBE
R OERE, Ml - oMEE = HE T 2 KPiEE) %
S B, IhWELAEROMERGRDEE LR L L
BE FEEE OFEBIC DR 5,

TS, 6E Y — 7 CFE, 1HE2BL THET 3 2
B LORMERF v 7 e L h 1BOFRF v
PORLEELREEMNT v 7 L, 0REX YV FET S
WEIDRITT 28M T v 7 L HEEESE (obsessive-
compulsive disorder : OCD) » 5% %5, BiiF > 7138
FH S 20 IRATE CEAREME T 208, #iEF v 7, OCD
ke, 18T 5, BT v 71k, FEER &R
5, HRHIFHICEEERE L, BERIT, B
B, 10 AL EE I EE T 5 BEHSEE DA
Za—u VERE TH ORFERE(L S B FHE L2
JEWERET S L THHTE 29, —F, EitFv o
I, d~5THEREINE ZHESW U XA, BILTE
BTEE T3 5-HT =2 — o Y OERETICER, %
F AT % atonic NREM IZ & % DA EME T 28,
5-HT WHEET & & b WCIRERIEEE & gk m e
T B IREERARGEEIEAL — R - ER P, BEL

- 7o DA ZEHBBZESER - RERZRIHL, ch

S OREF OB LTRSS 2 LRET 2 LE 2
SN B, IRENEEE CRRRE O RE SHK - FE K
OB X B W REEE 1, PET (positron emission
tomography) 7 5RBEN T 5, F/E, TS OEE
2RI & NERAEFEOEHOM oo —y g >
ZLom D Tbt, HHOE#H LV ERES Y, ZH
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SEIKD X BB OF 0 3 KB LR 0 S 2L
(32 16 & 0 — i)

MEDSW U XLARMEIT B L&D, EHEF v 7Bk
U OCD DfEK, & 517, FEEHIESHEEE 72 5,
—7, HEETHE, 10 @RS LD EEIC FHIER AT
BU, 4R, TADPAFREERRET 2, 26D
fFlz ik atonic NREM 236D, ZOEBEITHERELLE
FAGBEZ M % - 72 DA BB S, KINEER L
TR N L, RRK - EEBEBIIGIL, FEEEEC
FEM R RS EATE 5, BE, BFEREK
WIE—YarkIlRoWs I bz k) EEREHD
WBEwG, Fie, TRERMZD ZEWTRETH B,

. = =

McGeer &'9 4k, BEB L UMEEED TH EiEORE
B2t 5 B DA = 2 — 0 v OFERE(L 2R, &
ARE TH EHRIBEHcEWITEEZ 232, Fihe L b
BB BRI I BURIC IR, 10 RRIRERE D & 20 ARARHT
HCEMEEL, BETBEI L, —F, BHD TH i,
AN R R A8, Wi 5 2 2R L7 (Fig. 8),
R TH o ZEx, 77V v rREoRFEREL
WIS, F7o, TH KEEOMEESFEAHRE» S TH

KRB OFE S FEOMER 2R L, KR TH ORERK
FENCHS T2 ERB ARG, 77 Y R0k
WER,GTP vy 7ok Foo—+¥ 1 OEEEEExE
& BHEIE OB READ S &5 L, FKRE TH 3% -
RBEAD DA 2O FEREZA L, 10 BN, B 20 &t
i, FOEEOREIRIELD I ENTRENL, ¥
Tz, TORFHTH 27 DAOEEE, vaxt—v g
DEREREDLT, S5, MEROWERE, ik, &
TIHEREDREEE 1 ARV I ERREN TV 5,75,
LHBEEFEE C—F vV = X4 (PARK2) TEHE
DAAETIC & BB 10 RS, Bz 0&Ers s 00
3Bl s, BEO DA, 108BR, s
DD S DAGEOEBRERL, ZOEREIIZEERD
M, Flo, WEMHEROERE, BRMEERERE Y
blzodrkEzoh3,

KR LT SEBOBRBICBWT, BEBLUE
MHETFO DA OFRBERIMENHB LUV aE—v 3
YOFERECKEFEL, €I TEMELaEND DA o aE—
YarEEOIRy ZJIZLVRERY, FhFRERLR
EREREDFEZ WG 35 Z LR Lz,

Thbb, LRHEHOMBENHEELS L oo
E—vay ([FWiEn) KIDEEEEN3 DA = a—
o i3, 1ERE, BEHTTENCES T A, UBROFE
W, SHIREEE IS LR LE X U ESTIC X DS
&2 DA = a—u Vi, BIEEY 7AW, K
B /v Ui B OvEE e, SRR gy
SEILCESTICE D EEIEN 2 DA =2 —1a i,
FEEEME (B% 5 JILERMELED ) KEER —H
R— FERE N URTEIIS MR OS2 ST 5
L b, 7, $hIRERFTENICIZ, no guard & & AEAT
TRBTETREC T AVAVOMBNGHER L X
SSG DIEMEALIE, BFHEE A — ETER — K - g%
2L, KEOEAMRIBEMLOFE ST 5,

LL, MENPESGHBL U0 aE—ya e b s
HT ma—uZfifllgi, na®x—yva VEZEORT
Ry 7 TOZXDOEEO BT, SW U XLADFEDK T
Ry 7 DFRBOREBWCKFET 5, Koh 571, 5-HT
Ta—u iR FEECEET AWMEND Y, ThIEHE
KBS T 2HAMERE L LTIV a3 L R2RLT
Wbk, DA =2 -0 YZHREED I 555 5 hED I
HEMPICEN TR,

FHI Ry 7 BIERO LR OEE S 5 &
CIZEIEB N SRBENS,

BFEOEEEE, 7 v b ORBEER, 5wk 5-HT
BLXUDABEERTHEDONDE, INE, Tv hOE
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5HT = a—u v OIFHETBEOE TH DML cilsE
T2 EEHEND,

RTT 1%, MeCP2 EEFEIFW & D EBE2 DL &
NTWAEY, MeCP2 2K < <7 A, HlOMIERZRT
OO, FEEIE—HL T, 7270, EHREND
&, ORI R ERRECE Z s TlEY
5 ETHD, RTT OBRRN/NEEDOKK & 72 2 N4
WOy - 7 AR E, 64 AEKERERT NA
Ta—nrOIEHEETICERT 2 EFE 260395, H)
MEBWCH D NA =2 —0 2 X A/NGEE b S
TOHHET 59, RTTOFRET S SWIULLE 2L
Ry 7 CORMBROGIEC & EMBENLETH D,
FNRHEUADOEADEDL Y BEEL SN TWE, Zh
i, ZORy 7 CREEREEISES I, SR
HHEEE S TR T AP ThZ L L EET 2 LW
Ao Elo, ThiBEET 2EGHFOHEIL, ANEE
BENLIEDA-a—o U REELRRE RS- Ly
HoNTWS, &5 CHEREVWDE, RTT ORI, O
ZEAU T b D% &, rhythmical chewing T & ¥
WAUTIZBIE DAZRTIETHSB, THIE, 65 HE
WIREDBARNTE TR LI LICLBEEZ N
%o HEFLEDME £ B R A BB © 2 2 i T
b %o Mohri 5 i, [1%FH U Tl rhythmical chewing
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FLDTEBWEYLV AV TIEE>TwEE0E, o
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