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1. B>t B < (Down syndrome) efg it > T 7] fe ¥ 2 & ?
v Y A
(A) Eig A faeahi & R F]2 -

(B) B <23 b i RN B
(C) §F "uR &4 i i)
(D) # B BHLE
(B) #ipF# and 53 50
23R Y RAMFE VEQLHE R AL L PRTG Y
(A) #doend £ &y R
(B) ¥3oRe >
(C) AT
(D) #iFst i i
(E) ™% i
300 AR RGN~ DR ¢

(A) ﬂﬁ~@4 ERAR P

(B) TEBERGF pAEHE

(C) "HF Brad iy

(D) "EBEEREFE p A chE fds o
(E) b ’éh

o

4. Bruininks-Oseretsky Test of Motor Proficiency-Second Edition (BOT-2) ¥ #if & *
RIFG I Vep 4 E 2 AcE M EMF R 2 TPk E ?
(A) fine manual control
(B) manual coordination
(C) body coordination
(D) strength and agility
(E)y mtwyw

5. The Improved Cooper Test>s Bl s\ 1 &8 F2FF B X Ao 42 N 7 (7 4_cNiE
B ?

A) 5
(B) 10
) 12
(D) 15

(E) 20
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M Frs BT EIR A B0

HI S

St

BFEELTAG - AR ARA B S ATFREELRLERT S
WA 2 4RI TR G OR A 2 WK (Bragge, Bialocerkowski, & McMeeken,
2006a) o HLAE K F - LM TP AR AT BT, T AR F
GRS | & TR FEF LA P g ) BARE S TR EE R
B2 By K0 i F A BF AR ERE G T PR S Y
ERRERELAAFY 2R
BT Ahemg g B3

:»'# ﬂ/ﬁ%ﬂﬁﬁl}ilﬁifm g;? I? l—-#grﬁg]\,} s e

L2
HIAIR Lo ArEE ’ﬂb/fi'\lﬁu}i 2T IREL P EE

_31

£ 2 R UGIR A M FH g o

R E LG R I RRZ A ARG B REH R I EE
FURRFRPBRELREPTIREFTLR > oy AT FHEE Jﬁ" T A2
frse o Mmoo B B FREEAM OTRE R FRE 2 F‘%F‘ pd T 40 %2
80 %mﬁ#?‘ﬁ?&i;‘_”’r}a B EARM e AR R AR EA GG M
ek 2% 2 (Bejjani, Kaye, & Benham, 1996; Blackie, Stone, & Tiernan, 1999; De
Smet, Ghyselen, & Lysens, 1998; Eri Yoshimura, Paul, Aerts, & Chesky, 2006; Furuya,
Nakahara, Aoki, & Kinoshita, 2006; Grieco et al., 1989; Pak & Chesky, 2001; Revak,
1989; Tsai, Huang, & Hsieh, 2007) » 3% 5 & ¥ chgh Foh % - FlaL g &2 g A4
Fo L %3 L &M (Perfectionism) > i& @ EH Lok A/ £ AL PFa
FUERPRYPFRELRPFELAR FPFs FIBREL F8RE > 0 EFRA S
R 22 (culture of silence) » F ¥ % A B %5 9y # ¥ (Bragge, Bialocerkowski, &
McMecken, 2006a, 2006b; Tsai et al., 2007) « ~ F8A4 2 4 FoB % K » 902 f {7 &JL
Ll B o ES | FFB%JFT L b o iR Y R R RL R 2 R IR I R
REFAES s P B E § BF AR fRIEEH «‘]“\%5:)%:)(;25’4 (Blackie et al.,
1999; Furuya et al., 2006) © i 3t — IR % > 7 5 HIR S %Jﬁ:%ﬁ,]“: ma LB é‘?-?%
FAPB 2 B F X 3F > doF EF S TR s BR 2 4 13859 (Furuya et al., 2006) °
MELRHAFZERTP ARBGIRFORLE T M -

Sh FEERM G TP R LB T o Ao N Aez s



HEF S A IR R

(tendonitis) ~ =% p + 2 % (medial epicondylitis) ~ #= % “F F $2 X (lateral
epicondylitis) ~ % L (tenosynovitis) » H ? BEH W B W AFF L LTS B2 4B
% (de Quervain’s disease) 2 & 4 I /| 4p Ay 75 L (2nd-5th flexor tenosynovitis)
(Dawson, 2002; Sakai, 1992, 2002; Tsai et al., 2007; Zaza, 1998; Zaza, Charles, &
Muszynski, 1998) o ' it g g ob o 0 F L g M EAPM AL AT L ¥ FA G
B 18 Jg i ¥ (peripheral nerve entrapment syndromes) > & 4% %" 3¢ Jg i ¥ (carpal
tunnel syndrome) ~ = 4 %5 % (ulnar neuropathy) ~ 7 {2134¢ 55 # (cervical
radiculopathy) ~ 2 & 8%+ 4 £ ¥ (focal dystonia) ¥ (Bejjani et al., 1996; Dawson,
2002; Lederman, 2003; Sakai, 2002; Zaza, 1998; Zaza et al., 1998) o % #c3 % ¥ 4 27
B E AR R A A (Blackie et al., 1999; Bragge et al., 2006b; Lederman, 2003;

Revak, 1989; Shields & Dockrell, 2000) » * 7 74 3 4 3Rzl § 3 F R E B 5
®$% i (De Smet et al., 1998; Eri Yoshimura et al., 2006) > @ & 4F %3t % Bifiz » £
Hrtmezr 2% s qpg R BFF - B9 S ugsdy s g tdpg 2 g
255 5 B (Blackie et al., 1999; Chung, Ryu, Ohnishi, Rowen, & Headrich, 1992;
De Smet et al., 1998; Furuya et al., 2006; Goodman & Staz, 1989; Grieco et al., 1989;
Lederman, 2003; Pak & Chesky, 2001; Revak, 1989; Sakai, 1992; Shields & Dockrell,
2000) = Furuya$ % (2006) A4 47206 P -~ s FilZ X2 M EA 4 > § &
109 =5 ipl § & 3rep & 8 Bk Sugt o RAL o ILg0T & BT (R 98) TR AMEE R
CEREAE WS EEEG TN B A EAS8Y% R S | L S E
SRR ESL IS B o £ =

‘ﬁ"ﬁé}‘félﬁ ’ 3'&%‘?5ﬁ§jé_i“l’i T AR L 2 Bl X% » & 4a1m)

E#e N LFEL ] RV EBFEREE 2 BEHITE > 4 glzfj}ic';;meyu,,\*frp; Xz

PHATEFHELA  URBAMTSE IR REA A B0
Pl b pan FEE 2 g FASA B E FFRE 0 LR R FIT 8 g
SHES AP M & BeiRiE S LA T R b R ) R FL

B e A gl L EE ARG B BSOS P2 F SR R (De
Smet et al., 1998; Donison & Mus, 2000; Eri Yoshimura et al., 2006; Sakai, 1992, 2006;
Wagner, 1988) o Sakai & % (2006) #-47 334 F 38 % 'ﬁf A PR BEER G g
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HIEW O S5 S HFEEFFR YR 2 Pt R ERE
FPARFERLIT AL IR BERT N ERENARG 2L FF K RHF o B
Yoshimura# % (2006) i * # fi B iz $Fd £ dp B2 A Fede 17 > 325 < 33452 §
prsdpr AP Rt 2 R LY Mgt E AR > BERFRA
PFig St M B & RIED SFES ] i ARG BE G G S PR B

FPRAESEph 2 g CApdpg R B AR <75 - BER PR G TFF o

PR EPIT AR AL T F H G LAy T g ]+ 2 - (Chung et al,,
1992; Parlitz, Peschel, & Altenmuller, 1998; Sakai, 1992; Sakai, Liu, Su, Bishop, & An,
1996; Sakai et al., 2006) » % e 2 H 9% 5 £ R 7 b § T 4 4 (Sakai, 1992,
2002; Sakai et al., 1996; Sakai et al., 2006; Shields & Dockrell, 2000) - Sakai (1992)
Fr TR AmFWEF RN AL R G e L LN R G TR
FP = s %ok (chord) 2 ~ &R § (octave) T g H 4o AR R Pk
€ #2 & ° Shields ¥ Dockrell (2000) #8347 € f: i #ER&GFAEF L G T2
o R P52 % plH %i*ﬁ‘\&qﬁﬂ%ﬁﬁﬁﬁmﬁ%’aﬁ%ﬁéﬁ
FHRRYfr2d "RF E2F L4022 357 0 BEL 5 7 5 4 2300 B3
A2 o

AT ERA EIMFEL R G T L RAE S B RGN G A}
M FHEPE2 254 BF TN A LERARBLLIERJI* 254 85
IR EFERB P AR T TfEveRE s ok s f EE 2 B & oo
Je ot BB 4 2 f £ (An & Bejjani, 1990) o ¥ ¢F o 00 4 FleopgE k g 4 TR
24 T E RN KRG LR B B EEFTEHEG T AT ER
S s MR (hefdh2 BB RRALHE I b 2 ERE) 0 2 B2 4
FFRETRIGR 5 - 204 FUESRBFIHFL > URLT §2 A i
B fpreriB ke F 0 Bl LA LS - < 4 F 0 LE L AR
Bep TG rn A TR EF AL g B RA R RS E
EICEROT R GG TR B W iR R e Y L B
BEEIFL LR m AT LW LEY P REF R ERY E A4S
Brr2 2 REFEFLEL )2 2L 22 IMAFOTBEHE T 2L EIRT LRL

»



HEF S A IR

o A

P

£ Frdamia bl g e TS E 0 F Sdpd el FARG T F o3 BEM T

L2 i8 iR FEHTREZFEEAFE P FHIT (friz s ~R5) D
%W pF o £§F (hand span) %< ] 2 2+ £ FF EF ¢ B FEHE AR A ]

EF Vi s 30 MuskR g 2 33 2 2 FlHSE o

— PG

AL QPR RZHRFREZL G A A TEE S AL H R
FIPFEER: ISR FRRR TR MR LR P o Rl
i i AEY TRzSr B FERRFR-PEFALELRD
FLOXFEOBAEL LD R ERIARE o XRIF L RERES D (-) i

CEF AT EFAGA LR 2 LRBATLG R 0D F
Lo (m) mFRY FRI

CEES R (T) FREMILAR AN FEY PR B () S B E

J

i’(:)\'&i&:%?—["\%&,rl_!’ ’(i)\trﬁ'}l‘:}:

Wi

TR A2 2 SR SRR o RRIEEF T AR T g (=)
ARAFEEHBARL LA LY 8 (2) s GFFLETS S0 ApM 24
BORE TR SR R T3 2 B0 2 R s ik LR A o R
REHSLTEFESBEL LG

AR M A R E A S A SRR LA s Bl Ao d 0 p F R
PAHFRITHEES B S EAp M 2 BRITAHR AP A R R
RSk LR LAl 52 m’iwiéﬁzﬁﬁwﬁ%iiﬁi%iﬁ*%&’i%
T Ed RIS e R 0 AREF ¢ (caliper) R < Fdpdp X Il dpdp X e
ﬁhﬁo$“~th%ﬁiﬂﬁifH@%%&ﬁ’Jﬂtﬁﬁéﬁﬁﬁfﬁﬂﬁ?ii

FEZ i a2 - Bdp TR GG AT TR R RE e 22

|
g
S
ﬁ}
kRS

PR kAR o gt A LR TSRS 5002 £ 31K 0 L PETID

5193+ 1224 > 47-¢ H 4k~ 4 % (one-sample Kolmogorov-Smirnov test) # %

11
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P60 Rl E 2 Bl A o Bk X A 0SB FRE (Z =927, p =356) > 760
R 2 E A R BT k] SRR R R AR L8204 T )
FREZ R R R R A 520204 00 o Ay Y FAR R 2 SR SR Y182

2202 A B g x/% R

~ WESE % e S i e

(—) ~ HARERZ
RRIFRAFTHREAPD F oL BN ZRE SRR ]

(=)~ Hligis

AFE Y € * + & gCDP-100%] 52 #c 4% F (CASIO, Taiwan Co., Ltd.) > ¢ 3
TEE T FEER L AN AR RS H IR B 2 T
FAR "R L 300 o B T ¥ Len@B s 2 N Fh S LR AN S Hd e
FRA 0 BT R U R R FE A g N o g T Rk
PHES B TS Ak AR Y TG VANER
ARLRHZFRI P EFME M T O0R o ¥ AT 700G F 0 FhE > Ty

SRl H G - R AEELH

(=) ~ HEZEH]

MGV A R 2B F W P EF R RV W Y TR B - F LR
R 849 1% 5 & %28% ¥ (CZERNY Op.849 28) 2. 8 % f» 11 feixgksi 4 i o £l
Kot EFE R A ey Y g2 e R A 2 RIS
Do § K AP R3371F S8 $40F ¢ (CZERNY Op.337 40) 2. 8w 5 & » 11 »
Bes #3754 0 XRIH 2 TR PR EERIE S REEF TR AP

TR L ORI > HE A PR LT e

%)
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(PH) ~ ZEBY B 53 M Je 23 B

AR R 6 = s (T4 47 ik (Eagle Motion Analysis Corporation, Santa Rosa,
CA, USA) ®if {7 X ipl 3 % dn JF 2 £ 306 (PP~ > 60 T2 M 5 BRI % fc b
BERE2 IMPE A7 BF YRR AR - 1 RIS
B o AT OMAOIEE T A A E K 2 F kiRge o A RARMT L RIF S 2 G4
? 3~ & Ldp® [ dpdp % (fingertip) ~ i& 4 4p M & (distal interphalangeal, DIP) ~ iT
#H4p B & (proximal interphalangeal, PIP) ~ ¥ 45 B & (metacarpophalangeal, MCP) %
¥4 ¢ @ 2 (midpoint of metacarpal bone) » ¢t ¢F > K163 S F K K kik s ippEAT
B+ < #4405 > 3 M & (interphalangeal, IP) ~ ¥ 45 ¥ & (MCP joint) * %% B
4 (carpometacarpal, CMC) > #]4 & = Plpz b v =2 B A4 R &Y TR
NEEEIpME 2 RIS R 0 30 AR RE ST X R
L Ll o b LARREZ SRR Kilie o AFE Y 2k KR eARRE R LA B o AT
P2 B F AL S EVaRT 4.240 %8 (Motion Analysis Corporation, Santa Rosa, USA)
EFERPFRLE LRI Bt F ke a R R iR s p R 0 I
MATLABAZ;* #c48 #-mde T EHE T 0 N AR 7 FEH 28608 S 50 2

BRARI o AR Y = P GE ik B o A 4F 5 (cutoff frequency) % 5 3Hz M A

13



M Frs BT ER A FOIR

AT A2 EHE FE TR AT AT L
Lgdpd < dpR B AR E S ap B G2 B R R R E gy
P2 Bk B AR F F1100% 0 T F - BARE S hiE > TR A LR
A RN A Lkt B R R Y F A - B BIE S TE S 1Y 5 RM3
e ERMAR e M2 o & F (FABR > 45 - B 2dp 2 P B TR H &
Bredt ¥ M S e B2 b 240807 452 A 4 3243 0] RT3 e 2
RTOHRze B 2 RAPET ¢ dp2 A& 1% o3 2380 M 2452 ko 4y
PE & & (B e
Z.iﬁ%aﬂ Byd ®OREE R R ip&é”“&ﬁ%ﬁﬂ" EAV: TR U NN
Bool B R WE LM E LG DY W EBRRR o FlFdp 2 M
o Hib w2 FALBE R THLBE Y SReME > ¥ H-pd RS
o Z AR AR EEEARME TR B e d 2 K R H
B2 R P FETT LR BE Y AR o Bl T HE ez
Bwdpz A ME TSR TGS B2 pd R AR S F
A EME @ E MY &R o
3.5 4p M &2 Byw W R iFH 2 (movement unit) | ¥ oA B AR 03 LR

O i AR o 3

i

FOTEE AR o LMY ¥ ERITY F S0 e
d

\:

PebriE R E AP TR A Y WERTE A TG LR LI AE LR

B
3

=~ #@ekgat ot

szt 4 4711 SPSS ¥ 13%% (SPSS Inc., Chicago, IL, USA) ¥ 27 7 Jc f 2 T3 i
AT R T o fp AT UL T H R A v BA AT FFES ] FE o
WHR AR L AR AT 2R P EEEES ) 2 i AR A
HHZ A6 o &gt g2 Jita4r2 2 > i -3 R Ul €02 (Mann-Whitney
Umow@%iﬁﬁjiwﬁﬂﬁJ&ﬁéﬁﬁakéﬁﬁﬁTLQﬁ&+ﬁ@

ERVE R ME LAY N EERRE AR LFFEILE TSR
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H FELE 4k ®2 (Wilcoxon signed-rank test) ' #5E % 4 - R E2 frizz A
Beg #d P LXRIFLFELE LM E L R ¥ ESTE AT G T

AP 40F BPRES B pE ot 055 HMFLA

—~ SZHIHRAE R

AR E 2R ARG 16 M R R 0 TR 5224 £ 238 0 9T KR
FeiEBmFLFR LG FE DR LGS
AR RLRIE LIRSS A s X SRR S8R RE 0 £ SRS

2521320624 0 22 FFET L2016+ 0504 o/ FFEE Z 8L BIE 0 +

A
FHETELI8.0£0.124 0 2 £ FFET 5188 £ 034 > AT X RIH 2 A
j\/ﬁ \"'% '-&‘_"%\lo

= FHORDMEL A T RTRRISME A2 22 5

M fom@d pF (£2) [ SRR EhHh AR R AR EY A S £
Bl P A bt I (p< 0l L G4 (p<.0l)s 2EPE (p<01) 2 22
£ Ldp (p<Ol) pEPBF P2 BFLE -

WE ARG B (£3) LR ERB AT E £ R E A0
FipR > P A A EFEL p< 0D+ F 84 <05 = FF (p< 0D =
84 (p<.05) = F & Ldp (p<0) 2 =& ] dp (p<.05) TEIRF ZHFL
B WLt [ ELIEFLE p>.05)-

15



TN AR

BfShE JE—S e BRI

*1
HESHELBRACETH
& 5% £ & i B 5 ++ 2 E =+ AE
(ys) (ys) (=4) (=4)
S1 22 19 18.00 18.35
S2 21 18 17.80 19.00
S3 21 17 18.20 19.20
S4 22 18 18.10 18.70
S5 22 21 17.90 19.00
S6 28 20 18.10 18.60
S7 22 18 18.00 19.00
S8 25 18 18.00 18.40
Mean (SD) 229 (2.4) 18.6 (1.3) 18.0 (0.1) 18.8 (0.3)
L1 22 17 21.50 21.85
L2 25 17 20.80 21.20
L3 21 15 21.00 21.60
L4 22 16 22.00 22.00
L5 22 14 21.00 20.90
L6 25 20 20.80 21.10
L7 19 13 21.10 21.50
L8 19 11 22.40 22.30
Mean (SD) 21.9 (2.3) 15.4 (2.8) 21.3 (0.6) 21.6 (0.5)
Group mean (SD) 22.4(2.3) 17.0 (2.7)
3£ 1 S1-S8 % /| + fE ¥ (small hand span) = 8 4
L1-L8# % = &+ §e ¥ (large hand span) & 8 % o
#2
S5 AEAfo R B AS SR AR LR
IO (EEZ
Rmax abd _ChOI'd - IE‘(*#_‘E 7}_) Z p
R 1SR B S (2-tailed Sig.)
(n=28) (n=8)
R _thumb (%) 563 (11.6) 905 (17.5) 315 002+
R_index finger (%) 61.1 (25.8) 107.3 (31.0) 2,63 009%*
R_ring finger (%) 87.1 (30.7) 107.3 (28.5) 147 141
R_little finger (%) 81.0 (19.8) 97.8 (17.2) 179 074
L_thumb (%) 74.9 (16.8) 103.5 (13.6) :3.05 002%*
L_index finger (%) 101.0 (19.2) 119.5 (27.4) 147 141
L_ring finger (%) 68.5 (16.0) 112.0 (16.7) 13.26 0017
L little finger (%) 66.1(15.2) 86.7 (20.1) -1.68 093

Rt dp B g B b E & R0 E S Chord: frim g d o

“p<.01-
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#3

FEAIRBENRFLRALER AR LS
Rmax,abd _OCtave i I’ﬁ'(*}‘ﬁ %) Z P

Il 128 | EEE (2-tailed Sig.)
(n=3) (n=3)

R _thumb (%) 94.5 (16.8) 125.5(13.2) -3.05 .002%*
R_index finger (%) 67.7 (24.5) 106.0 (28.1) -2.31 021%*
R ring finger (%) 87.1 (33.1) 110.8 (26.4) -1.47 141
R little finger (%) 99.2 (19.3) 106.4 (7.7) -1.37 172
L thumb (%) 85.0 (14.7) 117.3 (17.6) -2.73 .006%*
L index finger (%) 74.9 (22.5) 103.7 (20.9) -2.42 .016*
L ring finger (%) 64.2 (23.8) 105.7 (19.7) -2.84 .005%*
L _little finger (%) 77.8 (21.3) 104.0 (12.6) -2.10 .036*

FE L Rt dp Bt Ap MR & R0 E S Octave: ~ R 5 #d o
p<.05. "p<.0l-

=~ TR/ NALAE A A T4 el S0 ey o J i B P 2 22 5

FEES B WA E S Py LB P FE LM e R ¥ E B R 4T
BEVERAAZ LS R AN RS o BN P LA MEL B HEEE
FRAXIIER ) RS B o P AE AT P2 EFLR p> .05 8E AR
BH P L Edpdp ez Y BV EEER A SRR ) SRS A BREFES N
T Fi EAp M & (MCP joint) (p < .05) ~ =+ @ i =hdp B & (DIP joint) % T4
ip B & (PIP joint) (p <.05) ~ =+ ¢ dp2 ¥ dg B & (MCP joint) (p <.05) i 3] b3+
ZHFLR CHABQEIME T AERT I 2HFLE (p>.05)

VY~ G T e B ey e ) 1 B U 22

ﬁ%%iﬁﬁ—ﬁiﬁﬁﬁﬁﬁ’éiﬁﬁéﬁwﬁi&ﬁﬁ%ﬁﬁﬁi’
BEM L LR P EPIRP I IHFLRE <0 L F a4 &L
ﬁa¢ﬁ§ﬁw$1@¢wgﬁﬁﬁa,ﬁzﬁziéﬁwﬁ’g?;gJiy

L7&anz ﬂ(p< 01), VU»LA\jltrT‘gé—__\;:? %%%\60

-

Wik ARG BV LI PR RN Sl Y W RRFEA S F A
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fokE SIS R FIOR

B PP EEAF I AHFLE <0l 2L 84 P d & B4R L d B 4
M2 md 0BG FH A 7SS Ak M Y G R LY

L8 (p<.05) HIAJTRET £EAT
DV
o i

— ~ PR/ R R A 1 I A LU 2 22 SRR

Filekls | FELHEFREEFEE{frRE ARG 24 HFS 4y
e B ERRY G AT AL g R L o ] TR AT E Y §
g R BenT g b R R B R FAEEEY > B Do s AR HIT .
ek la | Sieg i foa ey mo A5 64 - 4 m Ly
Lpdn s 2L A 2L R LRI R B ARG Y FAVFRETALZF o M
BEFHRERWEEZ ARFPIEY P LI LS a L LR+
FoldprzE P 2 edp 2R L2 2 LA V) IR K
Eqokm i o~ B HITE b (T ARV ,:zjfﬂfmm,; LR g AN H A

“H

iy

TR B A E R AR P REARAAARER AL B SR AR
fORE U S RSy G R B S fri N R TR R S e
WAL L PITEN P AR ARG AN E AT 0 Tk LY
BAZRYPREAEFELRE A2 BEARMEEfORE MR o M%) EEE
Frde SEEE > R AMEF TREOPFRP R REIZEL P R
FFE DAL ALV e S R PR kR A B R fem 2 N R kT
BEHW T p s L AR Z Y DRIl b gm R h A A ARG L AR
Ji ° Deahl 2 Wristen (2003) 7 & 41| £ jE2 4 Fol % F M Efri2 2 MR § HITF
AR I h R e R Ft R A2 vkl A 230G T - Sakal ¥ 4 (2006)
Fygsdpd | T2 FEEF N EE{om 2z ARG IR H gy ot B
ERBF AN ALIEZHAFTREY LA LRGBER T B biv . 8 R

LRy 2 @ % 7 > 5 3¢ B $£ 9o (abductor pollicis longus) * 4 i & %
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Br @ FREIES o AR EY TREEF oA L EA Y TR R
o LApdvp Bt e ey~ R FAp R L dp o R FEARS T IRR
RERDTE AR Y IR A BRI R LR B R ez
NR G ETIRE Kf i Sakaif? § 7 #7ik ) et B 4+ £ 9evh (Sakai et al., 2006) 0 % dp

# R R 9~ (dorsal interossei muscles) % “F & -] 35 3% (abductor digiti minimi) ¥ - »

RS RN SO
bl SRR g FEE K G R

¢ FF R EEfrE2 NREFHITT AR Fi

A3 EFRAATGTAME AL o iR T I

WAERLGT g A F o bt TEMELER B DI (TR AP > 3
T &

W 2 £ 3N l% 34545 £ (Lee, Hanks, & Schwartz, 2005; Sakai, 1992, 2002; Sakai
etal, 2006) ~ ¥ B oot 5§ & B | 4374 i (Sakai, 1992, 2002) -
AR PFEERATF LRFTEE R N R EITEN o H L0

HEERR T AR A50% 0 hE A 0100% 0 AT B fER £
TR EFRA NI ELRNESE RAHEEZ NS RRY e ARG 1A B
T B A ERGTHAS P RES RSP > s o AR A
AT R g B b RS T A M ST A F %

F7r g (Sakai, 1992, 2002; Sakai et al., 1996; Sakai et al., 2006; Shields & Dockrell,

2000) °

T~ ORIV B o e ek e T B 2 SR

A F oAy > Mk TR IR TG o FRhe EHF G 2 BEY

T 2 B0 o ARG R EE R G AR SRS SRS B2 TR R AR LR

ﬂ’ﬁﬁgﬁha%ﬁﬁﬁﬁﬁ%ﬁ%ﬁ*ﬁéﬁﬁﬂ*E%%’E%M%@ﬁ
BER2AME LR o

Hume ~ Gellman ~ McKellop ¥ Brumfield (1990) i * ¢ + & & & p|+ 45

Ma{ EPFALFER A a bl VESEFRER  #pipl e 528143

B~ EhMEi10RI302R  S30H b dp2 Ml W OB ER R PR G R

M E20R 161K ~ Thip M @36 286 2 F M S33RITIR - 2] B %
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oot fra g P b ME L e W EEHARRPRS2RITE M
G A1TRIASE BE ARG BN E o PREM S B VEEFRFFL20R
E25R 0 EHMESIBRII9R > M EEE A FEe 2 oy ¥ BEERR
SHETH A A BB R PRR o R E M ETEE o g A
de Al WORER R DR RFRINR o B gt fom gl pF o g M e
2 fyd WOEFEERPRSITRIAR ~ THpM S ISR IS2R 2 E M & 19& 1
STHR JBE~R| &6 P B Ma 2 e P BEHRFRSSRI20R T
HipMEORI22R 2 EApME1TRI35R & edp Y dp B AR R
A G AN B B e i BORER R PR RIS M
il 0B ER R PERN O TR M AR e s N R B FREER
By 2R g (T F 4 o

AL R R el T P g M (AR 2 By 0B
Bl RV AT M 2 M S A Kt R e B ¢ W R
EEBRE D RERE A HEERRE c Hebvdy o AR Y S EL
B #OBRER AR cBEARGHITELY B BRI E Y ¥ EERA
Bt SmERM e WERER RS c Hépwdy > DU M EL B W EER
Bt e

Bobo R L S ML W B ER R AR N R A A
PRFE ARG T e 2T A g B RS (F
kiBE D AR FRGRY PR P HEE R RE R ke ¥ EERR
SECEFCINEE-E I S RIS 3 S RN S F BNV T N E Y
FYLAPRE fhE ARG F R REEIMN TR LB S gy
X AR SPE LSRR s ETC R NCE EDER RS i koY N

L LR L EES eﬁpﬁ%ﬁéi CREE M e R RS R Y g

FIMFOLRGE > AT Y RY AR G R EES F2 SE T e d
oy AAEA R o5 H BB Ik FHOT (74 L Sakai £ 4 (1996) # 4138
TR EE AN T M R 2 T MV BB R

P M EAF L Bl & R Y B0 17 5 4 o Wristen (2000) #€.4 4 4 FpLEL > (# * R
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REEHF 20 S R R R R PRRIIEL SR TR R R A
B HIipEend g 07> &AL g b A ¥ FF AN Rl o L3003
(arch) F] < g 8F 5 *H BB 17 > s i T sBEE {om @ pF > o€ e b il
Poends (T2 B gAY LR Fatd g o

AR AFALEHIIEL ) PRAPHET ARG ARLE
AP RS RN SRR TS oA FEE F VB E o2 AR F R
kG 2 g E W REE T k2 BT RERIEF AR UL R
R B TEersldeanif 3 5 4 o B R IR T B 0BT Ap Ry e et 5
REgmEApb 2o FAG T B AFT o L FE R T ¥ B d (B
KoORIMILEAGMPLEFRERLARNTT TR A RSP LT U R

R 7 B

=~ KA TR B 2 e R B O B e 2 AR

AT REEm o BERFEORE- R JeBE ARFRITE S 22 4pH &
W WOE S H ABF SN L AR FL R TERY 0 L fibg R
b Ao R nd (TR BRI FI T A RY o B F A REL L o wr
gL rEEIARERERF B L 23R P AFRESHIEDE L o I
ieik 4 R ¥ (focal dystonia) 5 TR+ F H 2 FHFEF N LB EF T > 5 -
T8 42 3% 17 % % (task-specific) 4p B g (T4 & > P W 3lAcchR Flw 2 FH 0 A & A
fp e p A ehds (TiEARY o M- L3 P A PR TR g o K AN R Y o
BABFAR FHEPII 2 p Ay $iF > £ H L 255§ L (Bejjani et
al., 1996; Jabusch, Vauth, & Altenmueller, 2004; Lederman, 2003; Lim & Altenmuller,
2003; Sakai et al., 2006) ° #cdh Fl = F M Efrmz N R f 24 o 1 2 IRR
53 AT EERT S R Y K BRY B S 2 p Ak iTi R
RptoeiEd BF S AR ERAMEG T AL P RE DS frd
vuik 4 By N H b g R g 2 g B ARG T W 8+ £ 00 %5 2 (Chung et al.,
1992; Dawson, 2005; Goodman & Staz, 1989; Jabusch et al., 2004; Lederman, 2003;
Pak & Chesky, 2001) °
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VY ~ I RE T 58 I A 2 P BN A T At g

~

LB D 2 BN B G AR g BT T AR R AR R B R AR

X

P AR SRR EFRAR LR K2 AL s FEE
s

FEApEE FIEE M TR Y RN FIRS L R A Y Ry 2
ABMAH RESYPDEFERFOFR VBP0 T8 > NGEE T2
i BAMY AR AR T A iR B TREBFREY T R
R 2 R g
AR EEL ERG D
FroENMRI A APFREEHCEARE  REHFEZF 2 FRLR

fRp e TS B T LA MOPE P kA EARBHET A FRZGF DT A

gt FF 2 - > E AN L2 T g

W=~ ERgg ~ HE PR R s SRR R R EE s Rk 4 R Y R %%
PE BB TRk IR LR 2 PG T A 2 RF] o Aol R e i N R
BRI RE PR AT EFNR SR E MG 0 A LB R T
FERRPEZLARYBFORE > WA FT B2 294 FRE
LM FEy AP M 230 2 5 F g o Aot T FRAFR GRS -

B p R EF N kgAY AT 2 % 0 T RS g 2 g R S S AR 2
AR uREHFREEFAAMIFY G ARG > RS F VLR L F R
PRECBREIFETZERTEDI TR AR S qg 2 SEe2 P
& (Goodman & Staz, 1989) ° “,f AR RYE o Jn kR R R R B F %
Zoag it 2R EVEZ N A ed B b P E G S GuEFRE o by £
BRGRY T o P R A RRLY B VEHFEESERY > L4
Bz 2R TREF AL F o2 AR Y AFEY FERSpE
T2 /80 dodv R PR Y T ERAPM 230G T 04 4 (Bergquist,
Wolgast, Nilsson, & Voss, 1995; Gerr et al., 2002) °

VA Tl fpepelh o P sk By & H - 1R8I 4% 35 (one-size-fits-all) (Deahl
& Wristen, 2003) > /] & &Pﬁ‘?&ﬁ%"k ia‘g**aﬁ%&ﬁsﬁfﬁg BEYAREAL

Ul B AR ERAE AN G TERFRPY 0 AL AR Y O T
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e

BERAA P wARM 2 FUEF W TR > T A RARH A B3R T
JRIIPLE T4 2 8 Fend (FIRB K Y > ok B F LK 22 so
PREFEMAZGFEY  AFLREGHFARTRELSHF L P FHE2
Bl A SRR TR AV RY B E - B2 H- R R e o] £E

ZWEFTRNG ) FRTALEGFEARY ot T ENI AL A2 G T
1 THRB RS o

4y
0
,ﬂm
Y
4

-

i
w

Fu ~ ZRHIFZE R B AR A Tt ik

Py AL TR 2 SAg i s R s 7 2O a4 )
g4 Kk Fhem B e f 82k 5 A 4 (Harding, Brandt, & Hillberry, 1989) >
R FREER  F 0 EH LR APM L S0 B AR E R e b
AR FIIRB R A 2 U] TR A R S A S e ST
FHRIPFRY ZHFONBRE 2 SHFS L AR LERY R I 25N
FUBRGFFLHIML 2P FAR L WP RS HFRG IRET
FEZRPRTE RARFFFLERTH AR A bt T U T 2 R4
kL B o

ARG T X2 B L e ARG P Rk H S4Bk 2 6 i g
ARFAR o KAFELEFOEAS AR TN G 0 Wil B o
2 NR3 ﬁﬁﬁ%%?g%ﬁ*’ﬁ%%%%ﬁﬁi%$¢iﬁﬁ%§ﬁ§%’
HARFEL VU e AR B FHIT > F LR S (trills) ~ F5 (arpeggios)
io&“’%%&%%%ﬁm%%ﬁ§#ﬂ¢Wﬁ%§%k’ﬁﬁwﬁﬁﬁﬂﬁ
ViERAFD G A RPEAR S PHEZEmy B0 A kg @ oo

M4 2 B TP R RERh- RT3 KT o 3F LA TR
EHAMEHY 2P 1 5P ENNEHRAF B EF LN L R
BRSO 0 R L P E T @I 1 4n # (Sakai et al., 1996) o A B ¥
ARTHET LR L sMHEZ A A FEy > BN FEEE M OT E R

P fin AR BTG BRTZVRERY (AdAF LI 8 2 ¥ R &
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AP AEY BB M) VHEEFAF A eI REadF gy o 4

P o ,u]!;r,,;i" A4 o

3t il

SRR B 46 (72 B 6 (hand-intensive activity) @ ¥ 3% 4% 33
FHREFETERM R FRAA LA FOREFT T REAFRY 2 EE
2T OBREF ST REE AL AL T RN ATy R R 2 4
Flo s FHaFRE S L S 2L A2 AL R 2RI M TR
T AT REAPF I LIERGT AR TF - 0 P L Lk T A i
AR AL REEAMFOL RSN AALIETRIE  AKER
L3Ry RiFrFELRE -

He

AFE 3 B € NSC 95-2221- E-006-242-MY33- 4 5% AF o4 4 7 » #5003 o

2275 30k
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FEAIHBEEE  SHEMB LRGP REHRELR

F/E ROM_Chord DIP (IP) joint PIP (MCP) joint MCP (CMC) joint
LoEdRE L) p LoEdRkE L) p ToEdRE L) p
£ (n=28) [+ (n=28) ~*m=238) I E(n=28) ~Em=8) I Em=238)
R_thumb (degree) 214 (6.5) 24.0 (6.9) 462 16.5 (4.7) 17.83 (8.8) 916 13.9 (7.2) 143 (5.9) 334
R_index finger (degree) 18.1 (9.6) 14.7 (7.5) 401 22.0 (9.5) 22.8(12.7) 834 29.9 (7.6) 25.8 (7.4) 248
R_middle finger (degree) 24.3 (11.3) 212 (5.5) 916 25.3 (12.4) 30.1(9.1) 345 32.4 (4.1) 31.4(9.5) 674
R ring finger (degree) 19.0 (6.3) 19.4 (5.6) 1.000 23.5(11.1) 27.8 (11.5) 462 19.7 (7.6) 19.7 3.2) .600
R little finger (degree) 18.4 (5.2) 19.4 (9.1) 834 20.0 (8.5) 17.8 (6.7) .600 19.2 (7.2) 20.5 (5.6) 248
L _thumb (degree) 34.0 (11.8) 35.9(8.3) .600 31.1(7.7) 40.6 (15.2) 172 30.3(13.7)  36.7(9.5) 248
L_index finger (degree) 28.0 (5.9) 27.4 (8.8) 753 37.7 (10.8) 419 (12.1) 674 454 (13.0)  49.5(10.7) 462
L_middle finger (degree) 36.2(7.3) 35.1(9.8) 674 33.4 (12.5) 41.2 (10.7) 172 45.1 (7.1) 51.9(12.3) 208
L ring finger (degree) 30.2 (5.4) 30.7 (7.0) 916 43.4 (8.3) 44.0 (14.7) 834 51.4(103)  60.0(22.0)  .529
L little finger (degree) 41.5(16.7) 35.3(13.7) 345 47.4 (17.8) 46.7 (15.8) 753 39.1(10.9)  46.7(169) 462
# ¢ DIP (IP) joint# 7 #+4p L 4 B & » &4 ~ * 4 ~ & wdp 2 ) %m(wim B &
PIP (MCP) joint % -+ &EJ&& 2 HdpME > adg - P g~ mLdpr ) mﬂm 237 &Jﬁ m%
MCP (CMC) joint# 7 #4p 2 =¥ M & > Gdp ~ ¥ dp ~ @ g 2 P2 £ &

tBE Y Bk p<.05e0EE % k& (gR) o
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F/E ROM_Octave DIP (IP) joint PIP (MCP) joint MCP (CMC) joint
TioE (%K) p TioE(RE L) p TioE (g A) p
~Em=8) | EFm=2Y) ~Em=8 | EFm=2Y) <+ =238 [+ (n=28)

R _thumb (degree) 22.8(5.7) 21.4(6.5) 674 17.2 (6.6) 12.0 (5.2) .046* 14.7 (7.1) 15.7 (8.7) 1.000
R index finger (degree) 6.7 (3.7) 6.5(5.8) .529 14.3 (6.5) 9.6 (5.1) 208 25.3(11.3) 23.9(10.3) .834
R middle finger (degree) 11.0 (5.2) 5.6(2.4) 016* 17.4 (8.4) 9.8(2.2) .036* 18.3 (4.0) 24.2 (8.3) 172
R ring finger (degree) 11.4 (4.6) 10.0 (5.5) .674 17.1 (6.1) 16.6 (6.8) 1.000 19.5(7.1) 19.2 (5.1) 753
R_little finger (degree) 20.2(5.4) 19.0 (7.0) 916 17.9 (8.0) 16.7 (9.9) .674 21.3(8.5) 27.3 (12.8) 401
L_thumb (degree) 26.0 (8.5) 22.1(6.7) 529 19.4 (7.5) 18.1(9.1) .600 19.3 (6.7) 18.5 (8.5) 753
L_index finger (degree) 8.0 (5.9) 6.0 (3.7) 529 13.3(5.2) 15.7 (6.1) 462 26.5(9.8) 35.9(11.8) .074
L middle finger (degree) 13.3(8.9) 8.0 (5.1) 208 20.2 (8.5) 17.8 (4.9) .834 23.4(8.9) 36.4(10.9) .016*
L ring finger (degree) 19.0 (17.0) 9.4 (3.8) 294 21.1 (4.4) 22.0(7.8) 753 20.8(5.9) 29.7(9.1) .059
L little finger (degree) 20.4 (9.5) 14.6 (6.4) 294 15.6 (7.3) 11.6 (5.0) 345 28.7 (14.1) 33.2(11.1) 294
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30 DIP(IP) joint# 7 #4972 M & » @45~ ¥ 43~ & £4n % 1 da2 B M & o

PIP (MCP) joint% 7+ #+43 2 £ B & > 845 ~ ¥ 4y« & 45 2 | 42 iTshb B & -
MCP (CMC) joint# 7 #4; 2 = E M & » a5~ # 45 ~ & 242 | dp 2 LB & o
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#6

EEIREIRE R oM SHMH LR ST R ER

MU_Chord bi DIP (IP) joint PIP (MCP) joint MCP (CMC) joint
T (L) P T (L) P T (L) P
2E(n=16) +<(n=16) =E(m=16) +<(n=16) 2E(n=16) +<(n=16)
Thumb 75.8 (6.5) 80.1(6.3) .004%* 73.9 (5.5) 77.6 (6.3) 001%* 72.6 (5.8) 76.1 (6.4) 001 %*
Index finger 74.8 (6.1) 78.3 (5.4) 001%%* 73.2 (5.9) 75.9 (6.0) 001%%* 73.2 (6.2) 76.9 (5.9) 001%*
Middle finger 73.7 (4.9) 77.9 (5.9) 001%* 72.7 (6.5) 76.3 (5.3) 001%* 73.3 (6.0) 76.3 (6.3) 001 **
Ring finger 73.6 (6.7) 77.8 (5.3) .003%* 72.8 (6.1) 76.7 (5.9) 001 %* 73.1 (6.4) 77.4 (6.4) 001 %*
Little finger 74.6 (5.5) 80.0 (7.9) 001 ** 75.1 (4.9) 77.4 (4.8) 006%** 73.7(5.2) 76.9 (5.5) 002%*
3£ DIP(IP) joint% 7 4#dp 2. dp B & > &dp ~ P dg ~ m Ldp 2 [ dp 2 Bfdp M &
PIP (MCP) joint# 7+ #4p 2 Eip M & > &5 ~ ¥ dg ~ & L4p % g%(zé%@$o
MCP (CMC) joint# 74+ dp 2. e E B & > Gdp ~ P dp ~ & Ldp % [ dp2 E4pM & o

iR % p

<.01 ehBg -k (FER) -
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MU Octave DIP (IP) joint PIP (MCP) joint MCP (CMC) joint
TiaE(HEL) p TiaE (HE L) P TiaE(HEL) p
Zi(n=16) +=x(n-=16) Zi(n=16) +=*(n-=16) Z3i(m=16) +=(n-=16)

Thumb 373 (3.0) 412 (1.8) 001%* 358 (3.8) 39.7 (2.0) 001%* 35.2(2.5) 40.6 (1.9) 000%*
Index Finger 40.1 (3.6) 43.1 (3.3) 006%* 36.5 (2.6) 40.6 (3.6) 001%* 35.7 (4.2) 40.1 3.1) 001%*
Middle Finger ~ 38.3 (3.5) 42.8 (3.3) 001%* 35.7(3.7) 413 (3.1 000%* 34.7 (2.7) 40.3 (3.0) .000%*
Ring Finger 38.8 (3.6) 42.2 (4.0) 018* 36.1 (2.4) 39.5(3.2) .001%* 35.2(2.5) 40.0 (3.4) 001%*
Little Finger 39.0 (2.9) 41.5(3.5) 011* 38.3 (2.6) 40.7 (2.6) L005%* 36.4 (2.5) 42.1 (2.1 .000%*

3 DIP (IP) joint 7= #dp 2 g M & > &dp ~ ¥ 45 ~ & L4p % [ dp

PIP (MCP) joint# 7 #+4p 2 £ 4p M & » @dp ~ P dp ~ & Fdp 2 [ dp2 T4 & o
ﬂ__ /.

JEl g

T fiiiE

i

i

MCP (CMC) joint# 77 #3p 2 ¥ M & » 45
B Y Bk p<.05 cBE E K E (R -
1L S p < .01 chkEE K E (R -
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Investigation of the Injured Mechanism of
the Hand During Piano Playing Based on
Ergonomic and Kinematic Perspectives
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Abstract

Current studies regarding playing-related injuries of pianists focus on epidemiologic
issues. To understand the injury mechanism associated with pianists, this study attempted to
investigate kinematic performances of hand during piano playing under different perspectives
in ergonomics (hand span and right/left hands) and playing-skills. (chord and an octave).
Sixteen female pianists passed through the hand span screening were recruited and requested
to play the assigned techniques. The kinematic parameters, such as the ratio of maximal digit-
to-digit abduction angle, the flexion-extension (F/E) range-of-motion (ROM) of finger
joint,.and the movement unit of F/E of each finger joint were obtained via the motion capture
system-and custom programs. The results showed significant difference of the ratio of maximal
digit-to-digit abduction angle between large and small hand span pianists while playing both
chord and octave. The F/E ROM of finger did not show significant difference between these
two groups when playing the techniques. The movement unit of F/E of each finger joint of the
right hand was significantly larger than the left hand. The small hand span pianists use wider
finger abduction to play the chord and octave. In addition, the right hand presented more
movement units than the left hand did so that it indicated the right hand have more chances
of the unconscious movement to prepare for the playing performances. This study concluded
that the small hand span and the right hand side might be the risk factors to result in some
playing-related injuries of the hand.
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? b op R 5 B ie B (occupational therapy, OT) i & PRixeh¥t %2 - > ¢
&%&?iﬁ*?#ﬁkﬂ&ﬁ%&%ﬁ%%~#MW%&%E%?U®%%@(Mme
program) 2 p ¥ A ERAE 0 4 X EE HF R /J—aiiﬁ 2. - (Lawrence, Kerr, Watson,
Paton, & Ellis, 2010; Ottenbacher et al., 2001) * # % 45 &1 © 5 & & ﬁ@,}f%)ﬁ‘ ¥
eI% f2 4% R HS R AR F S R 38 (Bhavnani, Fisher, Winfield, & Seed, 2011;
De Maria, Lussier, & Bajcar, 2011) = F]¢* > @ } 5 & £ T HOTHE 12 (OT s
[OT knowledge, OTK]) ¥ it ¥ 58 ¥ OT=g 8 & -

AT RKROTKPES 5 HOTHM » 2 #Hp L2 RBH L L FOTFR - b
bo D OTHMRIEPN B~ o R e i ~ JRAR§ % ~ B-FOTIRAEhE  ~ B2 & Fh &
¥ % B % (Maitra & Erway, 2006) © % 3% OTIRAF7 o B &2 TS A i & & o
XenOTK » ‘2 p Favg = B3 LR - HOTG & ni@B B &F o b
clB R TEOTEY p ¥ EE L P 0A 3us OT Gdn [ 32756 ~ & A%
£ F 0T % EMA’} ° BREFHY S F g &€ it PHOTH
T 4 A% 22 R (Wilding & Whiteford, 2007) = ~ 7 4ot 9178 3§ 4 ch
B bldet B RETRFh W LR TRER SR FRAEY B RRE R
ol ¥ A Aeif B OEE IR e 5 s T Y IR T S e BT R A RAR R 1Y

o

2z s AP N AL (372 Aojie BPAz) o FIM T ai 8 B PR M
Tm $7 b SR BDER > 4 &E 510 ML (Mackey, 2007) © =~ % drdein
HOTIRFS o b4e @ 7 rrgf’ -Psrmu iR 7R B 2T U R OTIRAE 0 T
BT E TR bl AROT  EHREWEE o pRE? BFR %0
"% fﬁ%ﬁr?o:r’nﬂmé}&’%? GoRBF e - PRECR JRIE 5 Do 4 ) 0 » 3 JPT F Rt 5
OT# B - £ 5 » &2 FTIh4r % OTKARR 7 B> #-7 305 & 2 # i iRk
' MOT?ae ©
A AT BT - A RHOTH el b 3 (2 £ #
89 FFmEs L ES A 83 PR EATIFHY b B EE 7S OOTKAR
7 FE TR BOTKAR & ch F]+ "lit‘&fﬁiﬁ.*’ﬁ‘éﬁff%%’fﬁOTKiﬁB ° %]
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FWHOTKAZR 2 FF > K& P i 4737 R b2 365 & 2 OTKPM % % ¥
POTKF 3 @B iE = 4 o

ip?ﬁ%&%éﬁ%—?ﬁ%%ﬁiﬂkﬁﬁﬁﬁﬁ°k$%§g:
() EFFELELP R LFLEBL TS - (C) T URES ¥ AR
FEFTUREFS SFFEAEp L ORE (Z) R - BN Y HELEOT
Ak o () S BfRFE LM F AR L L BEREL (- ) d AR A R
Bas BPEEF - (CH) TR eprnip PRI BREZ TG AL
FENF c(2) 2o (¢34 F 578 FRFLeR) 28T R (100-7:
R dnpar G ER% > B2 A2 ERY o (2 ) P ER AP 2
WS R 8 HOTKAP M 2 77 5 33 -

FRLETHT B ECRGE  DARARL T ERERL (5 R
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o ik 238 p o2 ¥ 2c R (content validity) (Feeney-Kettler, Kratochwill, &
Kettler, 2011; Landers, Durand, Powell, Dibble, & Young, 2011) -

M ofs 0 - ¥ - Al (cognitive interview) R30Ik p LA - RKE
Fhedd bop k& 7 lp > BecdEp L/ ROTKRK £ 2 7 s 28 & 5 »c & (face
validity) (Christodoulou, Junghaenel, DeWalt, Rothrock, & Stone, 2008; Irwin, Varni,
Yeatts, & DeWalt, 2009) ° za4v3? 3% d 21 By fFOTKR € 7 fchss R 34 7o el o
FRAZRER AP EJEP BEY S RN EERFEE i;%'*ﬁﬁi;l
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A Preliminary Investigation of Stroke
Patients’ and Families’ Level of Knowledge of
Occupational Therapy

Zi-I Wu?, Yi-Jing Huang®, Yi-Miau Chen’, Mei-Hsiang Chen®*,
Meng-Jen Hou", Ching-Lin Hsieh®

Abstract

Occupational therapy knowledge (OTK) is knowledge about occupational therapy
(OT), and is important to patients and their families. A lack of OTK may decrease patients’
and families’ compliance to OT and OT's efficacy. This study was designed to investigate
both stroke patients’ and their families’ OTK levels, and what affected those levels. We also
investigated the OTK domains where they needed more OTK knowledge, and the preferable
ways to deliver OTK. Participants were interviewed. twice to get the upper and lower bounds
of OTK levels. The first interviews were in the form of a short-answer questionnaire, and
the second interviews, a multiple-choice questionnaire (score range 0-13). We examined
association between OTK levels of participants and demographic characteristics. Finally,
we summed up the ranks of needed OTK domains and preferred ways for delivery. Fifty one
participants (29 patients) participated in this study with a mean OTK score, 6.8, of both
interviews. We found that OTK levels only significantly differed from patient or family (p =
.025), but not significantly differed in terms of participants’ educational levels; length of time
receiving OT intervention, and age. Participants reported a need to know the treatment goals
of OT and a preference for one-to-one explanation. We found that the stroke clients’ and their
families” OTK levels generally tended to be low, and were related to neither educational levels,
nor length of time they had been receiving OT. Explaining OT treatment goals to clients and
their families in one-to-one fashion is recommended.
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AL AR ¥ HRQOLK £ M F 4 b m L p REE KL MERBL L
T3 BGT Rk B X o hs 2% (Williams, Weinberger, Harris, Clark, & Biller,
1999) -
- 4HRQOLFE ¥l € % ko h2tnh » PIES S~y - A2

;- > 2 A% ZHRQOL : fesk 473 4 [ #147Jm & B S A & 2 HRQOL > 12 &
MR E G 2 R E - - ~ FHHRQOL : & #HRQOL (overall HRQOL,
O-HRQOL) % S & & B ol it B A & > 2 ITemk &7 5 4 BB i3k & M it
Bk (BB A 89) bldr: ¥ hmRERHLESFTE L (Stroke-Specific
Quality of Life, SSQOL) it~ ¥ i & ¥ kb J5 & 2 O-HRQOL} & ° 4 **O-HRQOL
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Rei ek ko 2 e FAET R o RO <4 R A faEH R o LRI
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analysis) * 4 iE # & §F 4 47 (stepwise regression) # % &2 ¢ R 5 B 2 5 & 2 4p M
Flk - AP IHRET R ZAAMFF e 7 BN EE S R CET AR
74~ BL A ~ FALRA - FMARA ZFMBR A % - FL ¥ L B HAT T i 5 B
M ® § = S (collinearity) » i F i §F A 17 2 B3k 0 FI2 AT F #1051 s,
% (variance inflation factor, VIF) = **10:7% 58 (Kutner et al., 2005) > " % & % 38 2

AR P R R R

Ak

£F313007 hop R FEFAY o TIHERLGESK > H P85 T o420
(32.3%) i & %M v § S5 BSSQOLK % » o feiy 42 o BIT324174
Bt B k2 TIBADL# 4 2#EAE 4 i c FMARA T305754 » Bn Bz Tio
Boiricd R0 BN o mAY b - ELRARTHEBETHRAAL

BB 21785 FMESSQOLA A ¥ ApM 2 %5 ¢ 7 b 2 #4 ~ Bl

» FALL A ~ FMA%A ~ FMB&.A (p < .001) « F 65 %38 ¢ » & #2SSQOL

AR ARM (r=-21) HPIFHSSQOLE B ALAPM (r>.65) ¥ b k2

By AvEREM (z0y s B~ 23547 b~ Z¥) 2SSQOLA #h| & &

BEMT (p> 416) (£2) a2 $IE T rph A 45¢ » BLAA ~ FALGA ~

FMA A B2FMBAL A B ¥ 2 348 (r>.53) » e} 4B %35 nVIFE ¥ ] 310
(VIF>3.4)> AF X2 L8 o
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*1
mEEREH (n =130)
AT BRI
e
7 85 (65%)
- 45 (35%)
£ & (mean + SD) 64.9 +£10.3
FREEE
E2 76 (58%)
G 54 (42%)
EE a4 =7 R
g 117 (90%)
& 13 (10%)
BT (N /L)
g 34 (26%)
3 x 96 (74%)
FAIL%, 4 (0-45)* mean + SD 11.0+£10.3
FMA %, 4 (0-100)* mean + SD 75.0£29.6
FMB 4, %4 (0-14)* mean + SD 10.9+2.9
43.1+10.3

SSQOL /&, 4 (12-60)* mean = SD

3% . BI, Barthel Index; FAI, Frenchay Activities Index; FMA, Fugl-Meyer Motor
Assessment; FMB, Fugl-Meyer Balance Subscale; SSQOL, Stroke-Specific
Quality of Life.

FE AT A F AR -

%2
PR R — FRFA T EAR R EEAMESSQOLA » 2 HBif2 R B ¥ AR T
2] SSQOL
A 2 2R -
tiE Pearson’s r pe
e 0.80 - 423
2 0.82 - 416
S A ) 1.80 - 704
T 0.81 - 423
& # - -.21 .019
BI - 73 <.001
FAI - .70 <.001
FMA - .66 <.001
FMB - .65 <.001

3% - BI, Barthel Index; FAI Frenchay Activities Index; FMA, Fugl-Meyer Motor
Assessment; FMB, Fugl-Meyer Balance Subscale; SSQOL, Stroke-Specific
Quality of Life.
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BT f#SSQOLA e & £ 6753% > & “7F %% ¢ Boil fAfFSSQOLA He# it K -
s 4 W EF A e~ FALRR A > ¥ 1 21 11% SSQOLA #eeng £ o 5 (8 1% Jf #-1
£ 4 ~FMAR A > ¥ L f2982% SSQOLA #cen% B (£3) « HAARES A E ¥

ARG FRCA 6 IR SN s A BB AT LAY R BT 2

FMB %, & o
%3
FPRBABR -~ FHEEREERHMAFTRERERHE EZX RSS2
i FEFZ B Beta T piE R’
1 BI 1.70 0.73 12.0 <.001 53
2 BI 1.14 0.49 7.5 <.001 .64
FAI 0.41 0.41 6.3 <.001
3 BI 0.87 0.37 45 <.001 .66
FAI 0.39 0.38 5.8 <.001
FMA 0.06 0.18 2.3 .023

3% . BI, Barthel Index; FAI, Frenchay Activities Index; FMA, Fugl-Meyer Motor
Assessment; FMB, Fugl-Meyer Balance Subscale.
¥FN STk AR E2 HIW e 7 o Hu s E8 s By EF LA
b~ ZEEFMBRA -

BE

AR T B BIA 822 SSQOLT & RARE > @ ¥ iE G A 478 LBIA He s
SSQOL~ #ch 1 & 2 4p M F1% > ¥ j#f§- 20+ £ £ o FISSQOLF P ¥ R s &
2 O-HRQOL » d s* ¥ 43 < BADL# it 3% e 5 & 2 O-HRQOLZ & & {4 o 3t
FREEIFET L FRAP D b g EBADLH i 2 RARARE 0 ARG 0 B kR
A2 & > @ HRQOL~ g2 # < (Leach et al., 2011) ° T2/ + » BADLZ jp> 424 5 ¥
bR 2 & & = 2xdg k2 — (Duncan, Jorgensen, & Wade, 2000; Kelly-Hayes et al.,
1998) » B i iR (occupational therapy, OT) 7= # 12 &€& ¥ b o & b = 44 FBADL
Bt o AP EFEAFOTHRAE R 4IE D b T i » 2 5% (top-down
approach) » & &% e 33 I 5 B & IR 0 M HURK B 2 BADLA G A B4R P R
2. % &2 & (Fisher, 1998; Trombly, 1993)

AP LT FR D AIBIA 2 B EEE e »FALRA %35 0 7 H 4 11%
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SSQOLA #cz 2 % R ¥ o 2 % & 7 IADL”™ 52 O-HRQOLz i & 4p B F] % 2
- cIADLi& F R 2 2 FA G > BA P Fp b L& SN X P2 Fh > dopbde
EFS AR CALE S SRFIRBLL DA 2tk A AL
IADL# i A& i éh7 b g5 & 2 HRQOLAZ#F o % Jj & L IADL# i AZ L > 7 R s & ¥
PRik2 ik¥F 1A% 3 - HHRQOL 7 #i4 (Leach et al., 2011) = F]gt » 527 b i &
2 IADL# it & ¥ # = # O-HRQOL -

AFEG R RFMAA B : ¥ - SSQOL A #icehi B 4phl Fl 2 o H %35 4 475
% {7 cFMA22SSQOL % % BAp M > P FMAfeBIA #ic7m £ 5 RAPM o P10t > &

(@

A0 4IBICFALS BB P15 FMAA B & 2B R B R 0] > v it L
FMA 8 55302 @ A BI{cFAL A Bor 2 R4k o 4 F L Bn ¥ b B4 P iviy
#livs 28 GRFLVNERF LA FEB L AR RAF F IR AR o
RUEMEPREFp A s REHAHRQOL - p B2 & iFqpdlac 4 2 & > 7~ 2
BREH 42 5 2 HRQOL (Gadidi, Katz-Leurer, Carmeli, & Bornstein, 2011) °
Fpt o B AFMAT H b Al en$ B £ 4 4 > (74246 4 7 5 O-HRQOL 4 &
WM FE2Z - c AFTEELFOTRAF A Ud Ta i » 2 5% (bottom-up
approach) » 4v 3 B ey 4 ehle = Fl & (G4t vep 4 & BT dla 4 ) o
B b2 B e dlic 4 2 & &8 0 (Fisher, 1998; Giles, 2010) -

GH AT s b s E T 4 f 2SSQOLA e} BT F AN - A
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Factors Predicting Overall Health-Related
Quality of Life in Patients with Stroke
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Abstract

Health-related quality of life (HRQOL) reflects the subjective experience of patients.
Overall HRQOL (O-HRQOL) provides patients’ a summarized health status, which helps
clinicians determine patients” overall condition. O-HRQOL is displayed in a single index,
which is useful for clinicians to interpret the result of assessment and to promote the efficiency
of patient management. However, the factors related to stroke patients’ O-HRQOL are largely
unknown, limiting clinicians’ efficiency of patient management. We aimed to investigate the
factors associated with O-HRQOL in patients with stroke. One hundred and thirty one-
year post stroke survivors were assessed for activities of daily living (ADL) functions (using
the Barthel Index, BI and Frenchay Activities Index, FAI), motor control (using the Fugl-
Meyer-Motor Assessment, FMA), balance (using the Fugl-Meyer Balance Subscale, FMB),
and O-HRQOL (using the Stroke-Specific Quality of Life, SSQOL). The data were examined
using an independent samples t-test to analyze the difference between the characteristics
of stroke patients and the summarized SSQOL scores. Pearson’s r was used to determine
the relationships between the summarized SSQOL scores and the scores of the other
measures (BI, FAL, FMA, and EMB). Stepwise regression analysis was used to identify
factors associated with SSQOL scores. We found that the SSQOL score was associated with
age, BI score, FAI score, FMA score, and FMB score (p< .001). Regression analysis showed
that BI score, FAI score, and FMA score were strongly related to O-HRQOL (. R’=.66). These
results showed that ADL and motor control are important factors associated with O-HRQOL
in patients with stroke
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Improving Physical Fitness in Children with
Down Syndrome
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Abstract

Children with Down syndrome are in need of effective and motivating physical
fitness training programs. The effectiveness of an exercise training program for 65
children with DS randomly assigned to two intervention groups (exercise group vs.
control group) was evaluated. The mean age for the exercise (n.= 33) and the control
group (n.= 32) was 10.6 + 3.2 and 11.2-+ 3.5 respectively. The training program
consisted of a'10-minute treadmill exercise and one 30-minute virtual-reality based
activity administered three times a week for 10 weeks. The exercise group had significant
improvements in cardiovascular functions, body strength, and body composition in
comparison to the control group. A short-term physical fitness program used in.this
study-is capable of improving physical fitness of children with DS to reduce potential

health risks associated with poor fitness and sedentary lifestyles.

Keywords: Down syndrome, Physical fitness, Exercise program

*Department of Physical Medicine and Rehabilitation, *Correspondence: Yee-Pay Wuang,
Kaohsiung Medical University Hospital Department of Occupational Therapy,
"Department of Occupational Therapy, Kaohsiung Kaohsiung Medical University,
Medical University 100 Shih-Chuan 1% Road,
Kaohsiung city 807, Taiwan.
Received: 6 March 2012 Tel.: 07-3121101 ext. 2658

Accepted: 19 April 2012 E-mail address: yeepwu@cc.kmu.edu.tw

68



C.C Wang, M.H. Huang, & ¥. P Wuang

1. Introduction

Down syndrome (DS) is a chromosomal anomaly with incidence of around 1/700
to 1/1000 live births (Roizen, 2002). DS is the most common single cause of intellectual
disabilities (ID) (Menkes & Falk, 2005), with between 70% and 75% of individuals
with DS attaining an 1Q of between 25 and 50 by the first decade of life (Vicari, 2006).
DS is associated with a distinct profile of developmental outcomes regarding body
functions and activity performance (Fidler, Hepburn, Mankin, & Rogers, 2005); with
evidence for great variation in the range and level of deficits resulting from biological
and environmental factors (Turner & Alborz, 2003).

Growing evidence has shown that regular physical activity has positive effects
on cardiovascular function, psychosocial well-being, work performance, and activity
participation (Baynard, Pitetti, Guerra, Unnithan, & Fernhall, 2008). Additionally,
persons with higher levels of physical activities have a reduced risk of various chronic
conditions and are more physically independent in later life (Caruso, Silliman, Demissie,
Greenfield, & Wagner, 2000). However, individuals with DS show a considerable lack
of physical fitness as well as very low levels of cardiovascular endurance (Lotan, Isakov,
Kessel, & Merrick, 2004). Pitetti and Campbell (1991) highlighted the poor health
status of persons with ID and DS and referred to them as a population at risk. A number
of factors may account for the low levels of fitness found in persons with ID including
a passive lifestyle (Lotan et al., 2004; Pitetti & Boneh, 1995), psychological and
physiological barriers (Fernhall & Pitetti, 2001), low motivation (Halle, Gabler-Halle,
& Chung, 1999; Temple, 2007), and limited motor functions (Wuang & Su, 2012). Of
all the factors examined, an inactive life style appears to be most detrimental to physical
fitness (Lotan, Yalon-Chamovitz, & Weiss, 2009). Individuals with DS continue to
engage in high rates of sedentary behavior (Hoge & Dattilo, 1995) and have extremely
low levels of physical fitness (Fernhall & Pitetti, 2001) when they reach adolescence and
adulthood (Wuang & Su, 2012). This increases the likelihood that persons with DS will

have greater difficulty maintaining their abilities in work, recreation, and performance
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of self-care activities as they age (Graham & Reid, 2000). Since poor physical fitness
appears to be a risk factor for exacerbating the disabilities associated with ID (Fujira &
Fitzsimmons, 1997), considerable effort has been expended to enroll these individuals
in a variety of training programs intended to improve their physical fitness (Halle et
al., 1999; Lotan et al., 2004; Lotan, 2007). These programs achieved improvement in
various domains, such as muscle tolerance, muscle strength, and physical fitness.

Virtual-reality based (VR-based) activities were proved to be effective in
improving the motor functions and physical fitness of children with ID (Lotan, Yalon-
Chamovitz, & Weiss, 2010; Wuang, Chiang, Su, & Wang, 2011). Nintendo introduced
a novel style of VR (Wii, 2006) by using a wireless controller that interacts with the
player through a motion detection system and its avatar representation in the video.
The acceleration sensors embedded in the controllers could be responsive to the
changes in speed, direction, and acceleration/deceleration that enable participants
to interact with the games while performing different movements. The movements
performed by the children could be captured and reproduced on the screen via the
infrared light sensor mounted on TV top. The feedback provided by the TV screen as
well as the opportunity to observe their own movement in real time, generates positive
reinforcement, thus facilitating training and task improvement (Saposnik et al., 2010).
Several distinctive features favored the selection Wii over other VR systems, including
novel and widely available 3D technology using gaming simulations, affordability, and
clinical applicability using simple graphics with real-time feedback with the intellectual
limitations in DS. Provision of multimodal sensory feedback with the avatar could allow
adjustments while children perform and self-observe the execution of diverse tasks.

To date, scant data is available on exercise interventions involving a substantially
larger sample of children with DS. Improvement of physical fitness in childhood might
lead to a healthier and active lifestyles in adults with DS. To better understand the
potential training adaptation in this population, this study aimed to conduct a clinical

trial to evaluate the effect of a combined program of strength and cardiovascular
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conditioning in a cohort of children with DS. Both of these components of physical
fitness are of crucial importance in maintaining optimal cardiovascular health and
sufficient musculoskeletal function to participate in various activities with less

physiological stress (American College of Sports Medicine, 2000).

2. Methods

2.1. Participants

The study was conducted during 2009-2011 and approved by the Institutional
Review Board of the Kaohsiung Medical University Hospital. The inclusion criteria of
the target population were (1) age 6-12 years and current primary school enrollment; (2)
diagnosis of DS by board-certified physician; (3) able to understand instructions and
complete all physiological testing; and (4) written consent by one parent indicating
their agreement to participate in the study. Children with coexisting blindness, deafness,
or previous neurological impairments were excluded. Children who had received any
physical or occupational therapy in the year preceding the study were also excluded.

Children with DS were recruited from 17 primary schools and 4 institutions
serving individuals with disabilities in the Kaohsiung metropolitan area. The researchers
first contacted the school nurses, teachers and directors at each participating facility
to explain the goals and procedures of the study and to ask them to suggest children
eligible for the study. Families expressing interest in participating were sent detailed
written information about the study. The parents/caregivers were also informed that their
children would be randomly selected to be in the control or exercise group, and they
would not receive the exercise program if they were chosen for the control group. An
occupational therapist then met with one parent of each child to assess whether the child
was eligible.

Of the 100 participants assessed, 25 (25.0%) were ineligible, and 10 (10.0%)

refused to participate. The remaining 65 participants were randomly assigned to either
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an exercise group (n = 33) or to a control group (n = 32). All parents consented before
the study started. After signing the consent document, the participants had the tests of
physical fitness measured including the Bruininks—Oseretsky Test of Motor Proficiency-
Second Edition, the Improved Cooper test, the Energy Expenditure Index, and the Total

Heart Beat Index.

2.2. Instruments

2.2.1. Demographic questionnaire
This study-specific demographics questionnaire included data on family
sociodemographic status, child’s health status, medications, treatments and paramedical

therapies.

2.2.2. Bruininks—Oseretsky Test of Motor Proficiency-Second Edition (BOT-2)

The BOT-2 (Bruininks & Bruininks, 2005) assesses proficiency in four motor-
area composites for individuals aged 4 through 21. Fine manual control composite
measures the motor skills involved in tasks requiring precise control of finger and hand
movements. Manual coordination composite evaluates speed, dexterity, and coordination
of upper extremities. Body coordination composite taps the balance and motor skills
required for successful participation in sports while strength and agility composite
assesses large muscle strength, running speed, and postural control during walking and
running. The four composite scores are combined to yield a total motor composite score.
For the composites, internal consistency reliability coefficients ranged from .78 to .97,
test-retest coefficients over an interval of 7-42 days ranged from .52 to .95, and inter-
rater reliability coefficients exceeded .92 (Bruininks & Bruininks, 2005). The BOT-2
had good reliabilities (internal consistency, test—retest reliability, responsiveness) and
construct validity in children with ID (Wuang, Lin, & Su, 2009; Wuang & Su, 2009).
The strength and agility composite (SAC) used in the present study included five items:
standing long jump, push-ups, sit-ups, wall sit, and V-up. The average age-adjusted

standard scores for composites are 100 (SD = 15).
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2.2.3. The Energy Expenditure Index (EEI)

The EEI is a clinical test developed to evaluate the influence of intervention
programs on the efficiency of gait (Grant, Corbett, Amjad, Wilson, & Aitchison, 1995).
The EEI, in units of beats/meters, is a ratio of the change in heart rate to walking
velocity, and is calculated from the formula: EEI = (walking heart rate - resting
heart rate) / walking velocity (Wiart & Darrah, 1999). EEI-based heart rate has been
used to compare the economy of walking at various speeds by individuals with and
without cerebral palsy (CP) and was found to be a useful clinical indicator of oxygen
consumption at self-paced ambulation speeds in individuals with spastic diplegia
CP (Norman, Bossman, Gardner, & Moen, 2004). The mean normative value for the
EEI test is 0.47 + 0.13 beats/m for typically developing children. EEI value greater than

that range represented increased oxygen consumption during gait.

2.2.4. The Improved Cooper Test

It was first developed by Cooper (1968), and later revised to assess the distance
covered in 12 min by individuals with chronic bronchitis. This test was later shown
to be suitable to be administered to individuals with a variety of diagnoses to detect
physiological change following an exercise program (Cockcroft, Saunders, & Berry,
1981; Noonan & Dean, 2000). It is a simple, inexpensive test that is easy to administer
and the task corresponds with functional activities used in typical daily situations.
Furthermore, the use of a target time to complete the task rather than a predetermined
distance and the fact that the individuals can set their own pace (and even stop if
necessary) makes it a better test of endurance that renders it suitable for individuals with
ID (McGarvin, Gupta, & McHardy, 1976). The normative values for the Cooper test are
considered poor if the distance is < 1500 m for female and < 2100 m for male around

the age range of our participants (McGarvin et al., 1976).
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2.2.5. The Total Heart Beat Index (THBI)

The THBI (Hood, Granat, Maxwell, & Hasler, 2002) is a simply calculated variable
derived from continuous heart rate data and provides a reproducible alternative to gas
analysis and the Physiological Cost Index (PCI) where THBI = the total heartbeats
during a given exercise period/total distance traveled in meters. The THBI shows high
repeatability under both steady-state and non-steady-state conditions. Normative THBI

values were found to range between 0.9 and 2.2 heartbeats/m (Hood et al., 2002).

2.3. Procedures

2.3.1. Randomization

Using a computer generated random table, 65 children were randomly
assigned to two intervention groups (with 33, 32 for the exercise and control group
respectively). Participants were called back and informed of their designated group once

randomization was completed.

2.3.2. Warm-up sessions

Prior to the formal intervention session, participants were given opportunities
to practice using treadmill and Wii equipment during the warm-up sessions. Each
participant spent about 10 minutes on each piece of equipment. This session was helpful
in teaching the participants the correct procedure to carry out the physical fitness

exercises.

2.3.3. Intervention sessions

The research group was enrolled in a 10-week intervention program consisting
of three 50-minutes sessions per week. The intervention program was conducted on
an individual basis in a specially designated space in the university and facilitated
by the caregivers/staffs/teachers familiar with the participants. The caregivers/staff/

teachers were supervised by a senior occupational therapist with expertise in working
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with children and who was familiar with the Wii system. Home programs were not
provided to the parents or caretakers to minimize possible confounding due to practice
effects and variations of treatment techniques between therapists and parents. The 50-
min exercise program has two major components: 10-min treadmill exercise (Lotan et
al., 2004; Lotan, Isakov, & Merricj, 2004) and 30-min VR-based exercise program with
10-min breaks in between. The Sunpro Treadmill Model 005 was used for treadmill
exercises, the children began walking at an average initial speed of 3.3 kph and ended at
an averaged speed of 4.1 kph (with 5° of elevation degree). Maximal pulse was recorded
at the end of the session.

Nintendo Wii gaming technology provided game-like exercise for the 30-min
VR-based exercise program (Wuang, Chiang, Su, & Wang, 2011). At each session, the
therapist encouraged the participants to choose their preferred activities from 30 Wii
Sports items. These 30 Sports items were previously tested on 10 typically-developing
children with the same age of our participants; 55%-70% of the maximal heart beats/
minute was reached after using for 30 minutes. Most virtual game simulations require
gross movement of the extremities and continuous postural control to accomplish the
task. A moderate to high level of physical activity is necessary for the games used in this
study. Video games may induce photosensitive seizures (1/40,000) (Fisher, Harding,
Erba, Barkley, &Wilkins, 2005) and repetitive motion injuries (Bonis, 2007). The
primary investigator monitored the participants for symptoms suggesting seizures or
body pain, and stopped the session as soon as the participant felt unwell. No aversive
responses of the participants were present throughout the whole study period.

Another two pediatric occupational therapists, who were blind to child group
status, administered the measures of physical fitness to the children at pre-and post-
therapy (within a week before and after the intervention) according to standardized
procedures. For the EEI and THBI, the resting heart rate was measured for 30 min while
the participants were seated, in an air-conditioned room with the temperature kept at

25°C. After the resting heartbeat was measured, the participants took a 12 min walk at
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their comfortable pace to complete the Cooper test. To decrease possible experimenter
bias, the examiner did not reacquaint herself with the child’s scores from the first
assessment when conducting the retest. Children in the intervention groups were tested
at the occupational therapy unit, whereas children in the no-treatment control group
were tested in a quiet classroom at the children’s respective schools or facilities. The

testing was conducted on an individual basis in one session.

2.4. Data analysis

SPSS 15.0 was used to analyze the data. A series of analyses of
covariance (ANCOVAs) was performed to compare post-intervention differences
in physical fitness measures between the control and the exercise group, using the
pretest score as a covariate. In order to quantify the magnitude of the post-intervention
difference between intervention and control groups, effect sizes (ES) were calculated
as d = (treatment mean -control mean) /SD. As a guide to interpreting these values,
Cohen (1988) labeled an effect size ‘small’ if 0.2 <ES <0.5, ‘moderate’ if 0.5 <ES < 0.8,
or ‘large’ if ES > 0.8.

3. Results

Sample demographics are presented in Table 1. There is no difference of the mean
age for the exercise (10.6 + 1.2; range = 9.4 to 11.0 years) and the control group (11.2
+ 1.5; range = 9.3 to 11.2 years). Twenty percent of the participants were obese (BMI
over 27), and an additional 52.3% were overweight (BMI over 24). All the demographic

attributes were evenly distributed between the two groups.
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Table 1
Sample demographics
Exercise (n = 33) Control (n =32) Total (n = 65)
Demographic Mean® SD Mean SD Mean SD
Age (years) 10.6 32 11.2 35 10.7 34
Height (M) 1.3 .1 1.3 .1 1.3 .1
Body weight (Kg) 52.2 10.2 50.8 9.9 51.0 93
BMI 29.5 8.8 30.2 7.6 29.9 10.3
Normal ( > 24, <27) 6 18.2 7 21.9 13 20.0
Overweight (> 24) 18 54.5 16 50.0 34 52.3
Obese (> 27) 9 27.3 9 28.1 18 27.7
Gender (n, %)
Female 18 54.5 16 50.0 34 52.3
Male 15 45.5 16 50. 31 47.7

Family annual incomes 560,000 131,820 554,550 122,880 557,100 129;700

(NTD)
Note. BMI, body mass index; NTD, national Taiwan dollar.
‘Or n and percentage when indicated.

Table 2 presents mean and standard deviations (SD) for the pre- and post-exercise
outcomes by designated group along with the F tests for each outcome measure. The
ANCOVA revealed a significant group effect on cardiovascular function, strength, and
body composition. Moderate to large effect sizes (d) were obtained for all physical

fitness measures as well (0.60 to 0.95).

3.1. Cardiovascular function

The treatment group significantly outperformed the control group in cardiovascular
function. Significant group differences were observed for the following outcome
measures: Cooper (F ¢ = 271.98 , p < .01, d = 0.95); EEI (F, 4 = 8.80, p = 0.004, d =
0.60); and THBI (F, ;; = 52.14, p < .00, d = 0.63).
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Table 2
Physical fitness measures by experimental and pre-posttest condition
Pretest Posttest
Exercise Control Exercise Control Effect
group group group group size
Mean SD Mean SD Mean SD Mean SD
Cardiovascular
Cooper Test 5094 87.5 500.3 88.2 588.7 97.0 4999 932 0.95*
EEI 33 1.1 30 1.5 25 09 3.1 1.0 0.60°
THBI 102 6.3 9.7 6.6 58 53 9.1 52 0.63°
Body strength®
Standing long 50 1.2 50 1.3 7.0 1.8 40 15 -
jump
Push-ups 30 1.0 3.0 1.1 3.0 1.1 3.0 1.3 -
Sit-ups 40 1.3 40 1.0 6.0 1.5 40 1.6 -
Wall sit 40 1.4 4.0 0.9 50 1.5 30 1.2 -
V-up 3.0 0.8 3.0 0.8 40 1.0 30 1.2 -
Total strength score  11.0 63 11.0 59 160 6.6 100 6.8 0.88*
Body composition
Body weight 522 72 50.8 59 498 6.6 513 6.0 025"
BMI 29.5 88 302 7. 27. 45 308 47 077
Note. EEI, energy expenditure index; THBI, total heart beat index; SD, standard
deviation.

‘Strength and agility composite of the BOT-2; effect size was not calculated for
each subtest of BOT-2 strength and agility composite since they were not
standard scores.

*indicates large effect size (ES > 0.8).

‘indicates moderate effect size ( 0.5 < ES <0.8).

Tindicates small effect size (0.2 < ES <0.5).

3.2. Strength

The initial mean strength score was 11 for both groups. Following the intervention,
these scores increased to 16 for the exercise group and decreased to 10 for the control
group, respectively. A significant difference (£ ;; = 144.03, p = .02, d = 0.88) was found
when comparing the pre—post measurements on the BOT-2 SA composite for the whole

research group (Table 2).
3.3. Body Composition
A significant difference between treatment and control group was found on both

body weight (F, ¢ =4.99 , p = .03, d = 0.25) and BMI (F, ., = 35.74, p = .01, d = 0.77).
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4. Discussion

To our knowledge, this is the first study to demonstrate significant gains in
physical fitness in a controlled study involving a cohort of school-aged children with
DS. Several previous training conducted in individuals with ID reported similar and
conflicting findings. Varela, Sardinha, and Pitetti (2001) proposed a training program
for 16 adults with DS (8 experimental, 8 controls). The training regimen was a 16-week,
3-day per week program using a rowing machine. This program obtained increases in
work performance including time on graded exercise test and work level attained, but
improvement in peak VO, (cardiovascular function) were not found. Rimmer, Heller,
Wang, and Valerio (2004) developed a training program for 52 adults with DS (30
experimental, 22 controls). The training program consisted of 30-min cardiovascular
and 15-min strength exercise, 3 days a week for 12 weeks. The training group improved
significantly in cardiovascular fitness, muscle strength and endurance and had reduction
in body weight comparing to the control group.

A short-term daily treadmill exercise conducted by Lotan et al. (2004) produced
significant improvements in physical fitness and functional ability for children with ID
after 2 months. Serious studies conducted by Lotan et al. (2009, 2010) incorporated the
virtual reality based activity into the regular exercise programs and also demonstrated
improvement in physical fitness for individuals with developmental disabilities and ID.

Children with DS have been reported to participate less in physically-based
activities (Wuang & Su, 2012). Sedentary lifestyle might trigger the development
of obesity, which may lead to a self-perpetuating vicious circle of less activity, low
energy expenditure and limited life style (Furija & Fitzsimmons, 1997; Jobling, 2001).
Physical fitness is also a strong indicator of health and associated with a lower risk
of certain chronic conditions and a higher level of functional independence (Brill,
Macera, Davis, Blair, & Gordon, 2000). The unique medical needs and physical features
(e.g. lax ligament and joint looseness) of DS affect physical fitness programming and

implementing (Dunn, 1997). However, given properly trained therapists and adapted
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physical educators with progressive attitudes, it is possible that significant gains will be
made by DS individuals in the overall physical fitness level and performance.

The present study has some clinical implications. First, the findings of significant
gains in general physical fitness are noteworthy given the relatively short-period of the
intervention (10 weeks). It is reasonable that a longer intervention might result in greater
gains in physical fitness for DS. The study also found that non-trained persons who were
supervised by therapist could provide children with DS a physical training program, thus
reducing the cost of such intervention and enabling the execution of a low-cost high-
frequency program. Such program can be provided in addition to regular occupational
therapy intervention and might enhance the effects of rehabilitation intervention (Lotan
et al., 2004).

Due to specific challenges presented by children with DS, especially low
motivation and reduced accessibility to physical activity program, traditional training
programs that provide only fitness routines or remedial-type instruction are not
sufficiently motivating (Gignac, 2003). As a consequence, a key element in involving
children with DS in exercise programs is to use attractive and reinforcing activities.
The VR-based activities used in the present study seem to simultaneously enhance
motivation for cooperation, amusement for participation and provide the opportunities
for vigorous physical activities in children with DS.

Although maximal exercise testing is considered the gold standard for assessing
aerobic capacity, the role of such testing is limited when applying to children with
cognitive disabilities due to poor compliance. Sub-maximal exercise testing used in this
study such as the THBI (Hood et al., 2002), the EEI (Piccinini et al., 2006; Sawatzky
& Denison, 2006) and the modified Cooper test (McGavin et al., 1976) were proved
in evaluating physical fitness levels of individuals with DD. These measures overcome
many of the limitations of maximal exercise testing, and were found to be the method
of choice for clinicians as well as field researchers when working with individuals at the

level of mild to moderate level of ID (Lotan et al., 2009).
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This study has several limitations. First, most of the participants are in the moderate
ID range classified by the DSM-IV criteria (mean WISC-IV score was 51.2). Therefore,
generalizing results to groups with severe and profound ID should be cautiously done.
Second, we did not monitor if participants take part in any related physical exercise
or VR-based activities in addition to the intervention program. Future study should
advise the primary caregivers to maintain a diary of child’s daily activity. Thirdly,
the researcher should further explore whether the child’s medications, treatments or
paramedical therapies have effects on the training programs. Finally, based on the ethics,
the control group should be provided with similar physical fitness training program after

the cessation of this study.
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Abstract

The purpose of the study was to describe sensorimotor profile in children with learning
disabilities (LD). Seventy children with LD aged 7 to 12 years (mean age = 9.8 * 2.2 years),
were compared with 70 age-matched typically developing children (mean age = 9.3 £ 2.3
years) with measures of motor, sensory integrative, and visual perceptual functioning. The
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LD. Children with LD performed significantly less well on all test measures compared to
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functions and visual perception were impaired as well. Early identification of sensorimotor
impairments is essential to prompt early intervention and facilitate better integration into
regular school settings.
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1. Introduction

Learning disabilities (LD) is a term that describes a heterogeneous group of
disorders that impact listening, speaking, reading, writing, reasoning, math, and social
skills (American Psychiatric Association, 2000). LD includes a variety of conditions
such as perceptual disabilities, dyslexia, and developmental aphasia. These disabilities
are not often associated with a specific neurologic insult. Different studies reported
varying incidence figures; the most often given figure is about 4% to 5% of the school
population, with higher occurrence in boys (a ration of 4:1) (Shapiro, Church, & Lewis,
2007). Learning disabilities vary in severity and pervasiveness, persist across the
lifespan, and are not outgrown or cured by medication, therapy, or expert tutoring.

Most children with LD have average or above-average intelligence and adequate
sensory acuity; however, a significant discrepancy exists between the child’s academic
potential and the academic performance. A child with LD may have disorders of
motor function including disorder both of motor skills and motor activity level. Motor
skills dysfunction may range from clumsiness, to poor gross and fine motor skills, to
dyspraxia, to sensorimotor problems in a number of areas (Hari & Renvall, 2001; Waber
et al., 2000). Additionally, children with LD also have difficulty with laterality and
directionality concepts featuring sensory integrative disorders (Henderson, Pehoski,
& Murray, 2002). The prevalence studies indicate that at least 50% of children with
LD are identified with developmental coordination disorder (DCD) (Jongmans, Smits-
Engelsman, & Schoemaker, 2003). Ayre’s classical work (1972) gained an insight into
the sensory integrative functions in LD, more evidence-based researches are needed to
validate and update the theory. This relationship between poor motor coordination and
LD might also indicate an increased vulnerability of neural network that is responsible
for integrating sensorimotor information (Waber et al., 2000).

These sensorimotor deficits in LD children greatly impede the quality and quantity

of their participation or performance in activities in school, at home, and in the

community (Dolva, Coster, & Lilja, 2004). The role of occupational therapists in an

88



Sensorimotor performance in learning disability

intervention program for the child should therefore focus on the sensory integrative
and motor functions to promote social play, academic performance (e.g. writing)
and independent living skills. However, motor performance and sensory integrative
functions in school-aged children with LD were rarely documented compared to
other developmental disabilities such as cerebral palsy (CP) (Steenbergen & Gordon,
2006), autism (Siaperas et al., 2011), and intellectual disabilities (ID) (Wuang, Wang,
Huang, & Su, 2008). Characterizing movement and sensory profiles in LD is essential
in supporting the future development of approaches to overcoming disturbances in
sensorimotor functioning. Therefore, the aim of this study was to simultaneously

investigate motor and sensory integrative performance in children with LD.

2. Methods

2.1. Design

The Bruininks—Oseretsky Test of Motor Proficiency-Second Edition (BOT-2)
(Bruininks & Bruininks, 2005), the Test of Sensory Integration Function (TSIF) (Lin
et al., 2004), and the Developmental Test of Visual Motor Integration (VMI) (Beery,
1997) were used to investigate sensorimotor performance in a group with LD and an
age-matched control group. Overall performance on sensorimotor measures (relative to

standardized scores) was compared between the LD and the control participants.

2.2. Participants

Seventy children aged 6—12 years with LD were recruited together with 70 age-
matched typically developing children (TD) by contacting schools and educational
authorities in southern Taiwan and by placing a notice on the website. Identification
of children for the group with LD was defined according to but not limited to
standards set forth by the Ministry of Education in Taiwan (2009), including (1)
standardized scores of full intelligence quotient (FIQ) = 85 on WISC-III or WISC-1V;
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(2) reading comprehension scores and arithmetic computation scores at or below the
25th percentile in his/her class; (3) no indication of brain injury as documented by
student records; and (4) identification of a learning disability by a multidisciplinary
diagnostic assessment team. Exclusion criteria included diagnosis of developmental
coordination disorder (DCD), severe sensory abnormalities and evidence of ID. At least
one parent of each participant consented before the study started.

The mean age for the LD group and the control group was 9.8 (SD = 2.2) and
9.3 (SD = 2.3) respectively. Of the 140 children, 41 were girls and 99 were boys. Gender
representation was not significantly different between the two groups (x* = 0.26, df = 1,

p=.29).

2.3. Assessments

2.3.1. The Bruininks—Oseretsky Test of Motor Proficiency-Second Edition (BOT-2)
The BOT-2 assesses proficiency and skills in four motor-area composites. Fine
manual control composite (FMC) is divided into fine motor precision (FMP) and
fine motor integration (FMI) subtests that measure the motor skills involved in
tasks requiring precise control of finger and hand movements. Manual coordination
composite (MC) is classified into manual dexterity (MD) and upper-limb
coordination (ULC) subtests that evaluate speed, dexterity, and coordination of upper
extremities movements. Body coordination composite (BC) is grouped into bilateral
coordination (BLC) and balance (BAL) subtests that tap the balance and motor skills
required for successful participation in sports and recreational games. Strength and
agility composite (SA) is split into running speed and agility (RSA) and strength (STR)
subtests that assess large muscle strength, running speed, and postural control during
walking and running. The four composite scores are combined to yield a total motor
composite score. The age-adjusted standard score for subtests and five composites are
15 (SD = 5) and 50 (SD = 10) respectively. For the composites, internal consistency

reliability coefficients ranged from .78 to .97, test-retest coefficients ranged from .52
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to .95, and inter-rater reliability coefficients exceeded .92 (Bruininks & Bruininks,
2005). The BOT-2 total composite correlated fairly well with other measures of motor
performance such as the Peabody Developmental Motor Scales, Second Edition (Folio
& Fewell, 2000) and the Test of Visual Motor Skills-Revised (Gardner, 1995) (.62 and

.73 respectively).

2.3.2. Test of Sensory Integration Function (TSIF)

The TSIF is designed to identify sensory integrative dysfunction in children aged
from 3 through 12 years. Sensory integration refers to the neurological process that
organizes sensation from one’s own body and from the environment and makes it
possible to use the body effectively within the environment (Ayres, 1972). When the
sensory inputs from visual, auditory, vestibular, proprioceptive, and tactile systems are
not integrated or organized appropriately in the brain, varying degrees of problems in
development, information processing, and behavior may occur. The test consists of 98
items divided into seven subtests: postural movement, bilateral integration sequencing,
sensory discrimination, sensory modulation, sensory searching, attention and activity,
and emotional-behavioral reactivity. These subtests are made up of interactive activities
that engage multiple sensory systems, including vestibular, proprioceptive and tactile
systems. Each of the items is rated on a 5-point Likert scale from 1 = never to 5 =
always, based on the frequency of targeted behaviour during the entire observation. The
age-adjusted standard score for subtests are 50 (SD = 10). The psychometric properties
were well established by the test authors (Lin et al., 2004). Internal consistency for the
overall test demonstrated a Cronbach’s alpha of .89, whereas test-retest reliabilities for
the subtest scores ranged from .82 and .94. The TSIF subtest scores significantly varied
as a function of age, gender, and residential location (urban versus rural) (Lin et al.,

2004).
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2.3.3. Developmental Test of Visual Motor Integration (VMI)

The VMI is a paper-and pencil task used to assess a child’s graphomotor or
handwriting skills, which require both visual perception and motor planning abilities.
The test involves copying a developmental sequence of 27 geometric forms. The VMI
has two supplemental subtests: visual perception and motor coordination. The visual
perception task requires the child to choose a geometric form identical to the stimulus
form among others that look nearly but not exactly the same. In the motor coordination
task, the child has to trace the same 27 geometric forms with a pencil without going
outside the double-lined paths. Higher scores indicate better performance. Published
standard scores of the VMI as well as supplemental tests have a mean of 100 and a
standard deviation of 15. The VMI demonstrated overall good reliability (Beery, 1997).
Test-retest reliability correlation .87 was obtained from kindergarten to high school
children in Taiwan over a four-month period while inter-rater reliability coefficients for
two scorers was .93 (Liu & Lu, 1998). In terms of validity, the VMI correlated highly
with chronological age (.80 - .90), and with other tests that purport to measure visual-

motor integration (Erford & Snyder, 2004).

2.4. Procedure

The study was conducted during 2011-2012 after approval by the Institutional
Review Board of the Kaohsiung Medical University. Children with LD were identified
from thirty-six urban and rural elementary schools located in southern Taiwan. Each
participant was assessed in a quiet classroom at the children’s respective schools. The
testing was conducted on an individual basis in one session lasting approximately 1 to
1.5 hours. Before the testing procedure, every task was explained and participants had
one or two practice trials. All participants were assessed on the BOT-2 test first and then
the TSIF, and the VMI. During the testing procedure, all participants had two breaks of

10 minutes each.
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2.5. Data analysis

To facilitate analyses, all raw scores were converted to standard scores using
the publisher-provided norms. A one-sample z-test was first computed to evaluate
whether children with LD performed differently from age-based normative samples
for the BOT-2, TSIF, and VMI. In order to investigate the difference on sensorimotor
performance between the groups (LD vs. TD), scores from these three measures were
analyzed using multivariate analysis of variance (MANOVA). Significance levels were

set at p < .05 throughout.

3. Results

3.1. Profile of sensorimotor functions

Results of z-tests revealed significant impairment across most test measures
in children with LD (Table 1). The number of impaired scores demonstrated
by individual children among 22 measures of sensorimotor functions is
presented in Table 2. All children showed impaired performance on at least
four test measures. Forty-one (58.6%) children had sensorimotor impairment
clustered between 5, 6 and 7 sensorimotor subtests, whereas 20/70 (29%)
had results falling 1.0 SD below the mean on 8 or more subtests. Children’s

performance on motor, and sensory integration tests were described as follows.

3.2. Motor profile

Table 3 shows that control participants scored higher on BOT-2 overall (p = .01,
F\ 33 = 368.81). A MANOVA showed a statistically significant difference between
groups by BOT-2 domains: F ;s = 795.83; p = .001; Wilk’s Lambda = 0.04; partial
n° = .90). Considered separately, results for the dependent variables demonstrated
significantly impaired performance on each of the constituent composites of the BOT-2

compared to the control group (Bonferroni adjusted, for Fine Manual Control, F ;3 =
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969.3; Manual Control, F, ;33 = 525.4 ; Body Coordination, F| ;3= 75.87 and Strength
and Agility, F'; ;33 = 201.32, respectively) . Children with LD have impaired performance
on all the BOT-2 subtests and composites (z < -1.65), and they consistently performed

better on assessments of GM than FM skills (Table 1).

Table 1
Z-tests on the standard scores of the BOT-2, TSIF, and VMI for children with
learning disabilities (n = 70)

Tests Impairment® Z-test statistic”’
1n(%)

BOT-2
Fine motor precision 19 (27.1) -10.67
Fine motor integration 30 (42.9) -11.22
Manual dexterity 35 (50.0) -12.17
Upper-limb coordination 11 (15.7) -5.72
Bilateral coordination 6 (8.6) -6.42
Balance 6 (8.6) -5.26
Running speed & agility 8(11.4) -6.48
Strength 5(7.1) -5.51
Fine manual control composite 39 (55.7) -20.12
Manual coordination composite 28 (40.0) -12.26
Body coordination composite 12 (17.1) -9.18
Strength and agility composite 6 (8.6) -0.87
Total motor composite 50 (71.4) -20.16

TSIF*
Postural movement 0 0.72
Bilateral integration sequencing 10 (14.3) 0.38
Sensory discrimination 12 (17.1) -0.09
Sensory modulation 8(11.4) -0.12
Sensory searching 0 1.44
Attention and activity 12 (17.1) -0.11
Emotional-behavioral reactivity 0 1.02

VMI
Visual perception test 30 (42.9) -33.54
Motor coordination test 29 (41.4) -42.03
Total score 30 (42.9) -26.12

Note. BOT-2, Bruninks-Oseretsky Test of Motor Proficiency, Second Edition; TSIF, Test
of Sensory Integration Function; VMI, Developmental Test of Visual Motor
Integration.

‘Impairment was defined as performance equal to or more than 1 SD below
normativemeans on sensorimotor measures.

°p <.0001 for all z values.

‘Lower scores indicate better performance.
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Table 2
Number of impaired subtests and percentages of children with learning disabilities
demonstrating impairment (n = 70)

No. of tests impaired Frequency of impairment, n(%)"

0 0

1 0

2 0

3 0

4 9(12.9)
5 10 (14.3)
6 15 (21.4)
7 16 (22.9)
8 15 (21.4)
9 5(7.1)

Note. *Sensorimotor impairment was defined as performance equal to or more
than 1.0 SD below normative mean on a test measure.

3.3. Sensory integration profile

Table 3 indicates that control participants scored higher than the LD group on five
of seven aspects of TSIF. Analysis using MANOVA confirmed that these differences
were statistically significant (Bonferroni adjusted; postural-ocular movement, F ;5 =
22.01; bilateral integration sequencing, F', ;33 = 567.31; sensory discrimination, F| ;3 =
329.89; sensory modulation, F, ;33 = 354.19; and attention and activity, F; ;33 = 733.86).
Children with LD showed no impairments on TSIF subtest (z > - 1.65). They performed
best on the postural ocular movement and sensory searching, but performed worst on the
attention and activity level, sensory discrimination, and sensory searching tasks (Table
1). The TD group outperformed the LD group on the VMI total and 2 supplement
subtests. With reference to frequency of visual perception impairment, more than 40%
children scored in the impaired range on all subtests of the two VMI supplemental tests

(Table 1).
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Table 3
Summary of the sensorimotor measures for each group
Measures Mean (SD)
LD group  Controls F Partialn’
(n=70) (n=170)

BOT-2
Fine motor precision 10.0 (1.7) 15.1(1.5) 323.77* .70
Fine motor integration 9.9 (1.9) 154 (1.7) 326.07** .70
Manual dexterity 9.3(1.9) 149 (1.5)  384.47* 74
Upper-limb coordination 11.7 (2.2) 15.4 (1.7) 206.75%* .60
Bilateral coordination 11.8 (1.9) 15.0 (1.5)  204.95* .60
Balance 14.9 (1.9) 15.6 (1.9) 4.42 .03
Running speed & agility 11.6 (1.7) 152 (1.7)  266.99** .66
Strength 14.7 (2.0) 15.0 (1.5) 0.61 .00
Fine manual control composite 32.8 (4.2) 50.3 (2.1) 969.34* .88
Manual coordination composite ~ 37.8 (4.2) 50.4 (2.0) 525.44* .79
Body coordination composite 47.7 (4.2) 50.6 (2.4) 35.87* .36
Strength and agility composite 42.8 (3.9) 50.7 (2.4) 201.32%* .59
Total motor composite 33.7 (4.2) 51.2(2.1) 887.62* .87

TSIF
Postural-ocular movement 36.6 (2.4) 33.7 (4.8) 22.01%* 14
Bilateral integration sequencing ~ 52.3 (2.1) 38.6 (4.4) 567.31%* 81
Sensory discrimination 52.4 (2.1) 41.5 (4.6) 229.89* 71
Sensory modulation 52.2 (2.1) 42.5 (3.8) 354.19%* 72
Sensory searching 37.0 (10.1) 344 (4.5) 18.56 .03
Attention and activity 52.5(2.0) 38.3(3.9) 733.87* .88
Emotion and behavior 40.1 (4.0) 38.4 (4.0) 3.17 .00

VMI
Visual perception test 54.6 (4.2) 76.6 (3.5) 1307.36%* .67
Motor coordination test 59.4 (3.6) 72.4 (4.0) 1156.99* 73
Total score 68.3 (3.4) 74.1 (2.9) 659.95%* 42

Note. BOT-2, Bruninks-Oseretsky Test of Motor Proficiency, Second Edition; TSIF,

Test of Sensory Integration Function; VMI, Developmental Test of Visual Motor
Integration.
'p<.05. "p<.0l.

4. Discussion

In the present study, validated instruments were used to describe the patterns
of motor performance and sensory integration functions in a group of children with
LD compared to a control group comprising age-matched typically developing
children (TD). The results indicated that LD group had significant impairments
across most sensorimotor functions measured in addition to their academic learning
deficiencies. Besides, these sensorimotor impairments seem to persist into later
childhood (10-12 years). Using a cut-off of 1.0 SD, all children performed below this

threshold on 4 or more among the 22 sensorimotor tests. Fifty-nine percent of the LD
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children had sensorimotor impairment clustered between 5, 6 and 7 subtests. Children
with LD are often less motivated to actively explore the environment and, in turn, will
receive few sensory inputs which are likely to further exacerbate motor difficulties in
this population (Smits-Engelsman, Wilson, Westenberg, & Duysens, 2003).

The impaired motor performance revealed in the BOT-2 scores echoed the previous
studies that children with LD might have poor motor functioning (Fletcher, Lyon, Fuchs,
& Burnes, 2007; Stordy, 2007). For the group as a whole, gross motor performance
was better than fine motor skills. This disparity can also be seen in other developmental
diagnoses such as ID, CP, William’s syndrome, ADHD, and DCD (Charlton, Thsen,
& Lavelle, 2000; Bellugi, Lichtenberger, Jones, Lai, & St. George, 2000; Fedrizzi,
Pagliano, Andreucci, & Oleari, 2003; Wuang et al., 2008). A proposed explanation for
fine and gross motor skills discrepancy in children with disabilities is that components
of fine motor skills, such as precision grip, in-hand manipulation, and tool use, exert
greater demand on the maturity and integrity of the central nervous system, especially
frontoparietal network (Davare, Andres, Cosnard, Thonnard, & Olivier, 2006).

The current study results showed that LD children also displayed sensory
integrative dysfunction, particularly in the areas of sensory discrimination and bilateral
integration sequencing related to somatodyspraxia. Children with somatodyspraxia
may rely more on feedback during movement execution and have difficulty switching
to feedforward strategy so that they experience obvious difficulty with both self-care
and academic performance (e.g. handwriting and drawing). Additionally, impairment in
processing temporal/sequencing sensations could account for some of the perceptual-
motor and cognitive symptoms often associated with LD (Habib, 2000). The sensory
modulation disorder (SMD) may also contribute to the adaptive behavior deficits of
these children and impact on their ability to engage in home, educational, and social
activities. Even the score of sensory searching in the LD group were within the normal
range; however, the large standard deviation (10.1) might suggest that children with LD

have widely varied sensory searching abilities.
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Proprioceptive, vestibular processing and tactility have a substantial impact on
movement performance; therefore, movement performance in LD may be highlighted
by sensory integrative dysfunctions. Participants with LD scored lower in the Fine
Manual Control and Manual Dexterity composites of the BOT-2, which are associated
with the interpretation of the tactile and proprioceptive information. Moreover, poor
performance on the Body Coordination of the BOT-2 might reflect the insufficient
vestibular and proprioceptive processing. Also, LD children did not score high on
hand-eye coordination when required to move fast and accurately (e.g. the BOT-2
FMI subtests), which may be due to problems with processing fast incoming sensory
information, which might suggest intrahemispheric deficit (Sigmundsson, Whiting, &
Ingvaldsen, 1999). Further research is needed to explore the causative relations between
sensory integration and motor performance in LD.

Academic failure at school may occur partly in consequence of poor visual
motor integration tasks (e.g. handwriting), as reflected by the impaired performance
on the VMI. Children with bilateral integration sequencing deficits might have more
difficulty with spontaneous writing, while children with somatodyspraxia may struggle
with both spontaneous writing and letter copying (Reeves & Cermak, 2002). In
accordance with previous studies, children with LD may demonstrate impairments in
visual-spatial abilities and cognition (Burtner, Qualls, Ortega, Morris, & Scott, 2002;
Most & Greenbank, 2000). Spatial errors demonstrated by the LD children include
disorganization of the spatial relationship, orientation among the figures, or difficulty
with the overall contour (Bouldoukain, Wilkins, & Evans, 2002). The impact of poor
manual dexterity and visual-motor integration is not to be underestimated, as a large
number of children with LD are likely to pursue vocational training, where these abilities
are mandatory. Given that occupational therapists focus on children’s participation in
education, ADL, and social activities, the focus of the client factor of visual perception

and its effects on performance skills (literacy and handwriting) can be critical.
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Previous studies have emphasized the perceptual-motor dysfunctions observed in
children with combined LD and DCD and it appears that they have particular difficulty
performing manual dexterity and balance tasks (Jongmans et al., 2003). However, our
study showed somewhat different results in that LD children had no significant difficulty
in performing balance tasks comparing to TD controls. Nevertheless, the severity of
perceptual-motor dysfunctions indeed increase and necessitate more intensive treatment
if LD children have accompanying motor and sensory integrative dysfunctions.

We suggest that poor sensorimotor performance may exacerbate the reduced
opportunities for social inclusion experienced by individuals with LD, as typically
developing children are reported to value performance in sports more than for example,
academic performance (Nikitaras & Ntoumanis 2003; Chase & Machida, 2011).
Individuals with LD could be at greater risk of being bullied because of low self-esteem,
anxiety in social settings, lack of confidence and limited success in sports (Mishna,
2003) . This clearly will impact on physical health and underlines the importance of
addressing sensorimotor difficulties. As a consequence, successful interventions should
contain approaches aimed at improving the fundamental sensorimotor functions to
increase the likelihood of success.

In conclusion, our study suggested that children with LD have sensorimotor
impairments in addition to their deficits in academic learning. Increasing our
understanding of these impairments could have treatment implications for those

supporting individuals with LD.
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