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The analysis of acceleration of wrist and ankle in different running types
Graduate Student: Liao, Li-Tung
Advisor: Shiang, Tzyy-Yuang

The running population is increasing; however, the equipments of estimating
energy expenditure in the current market are limited to low-intensity physical
activity, and can’t measure energy expenditure at high-intensity physical activity
such as running. This study tried to determine a convenient and accurate way to
measure energy expenditure during running.

Purpose: (1) This study tried to find out the difference between two running
types by using acceleration of wrist and ankle during running. (2) This study tried to
establish the regression equation of running speed and heart rate by using
acceleration of wrist and ankle during running.

Method: Fifteen males (age 27.6+7.4 , height 172.8+£6.3 cm, weight 67.3£7.5
kg) wore two accelerometers, one on their left wrists and the other on their left
ankles. Each participant ran 30 sec at 4, 6, 8, 10, 12, 14 and 16 km-hr! respectively
and the measurements were performed when the participant reached a stable heart
rate.

Result: (1) Both acceleration integration of sagittal plane of wrist and ankle
are significantly correlated with heart rate. (p<.01) (2) The acceleration of wrist
and ankle are in different slopes resulting in the individual differences of each
participant. (3) The acceleration integration of sagittal plane of wrist is significantly
higher than that of ankle at 14 and 16 km-hr' during treadmill running. The
acceleration integration of sagittal plane of ankle is significantly higher than that of
wrist at 14 and 16 km-hr"' during ground running. (4) The acceleration integration
of sagittal plane of wrist has no significant difference between two running tpyes.
The acceleration integration of sagittal plane of ankle during ground running is
significantly higher than that of treadmill at the speeds of 12, 14 and 16 km-hr’".

Conclusion: (1) We can measure energy expenditure by using the acceleration
of wrist and ankle during running, but different regression equations should be
adopted in different running types. (2) It could become a new way to measure
running speed by using the acceleration of wrist and ankle.

Key Words: acceleration, heart rate, treadmill running, ground running
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TR NI - BEmhER (EEEGE) " JITEEERp 2 iR

arEkaira i h 2 L8 > PHBOEBHER

¥ 8 Ey i)

(=) Ak &Edpent > Haox ok EApiTehs i % vt ita
B AL A B A R R e AR Lo 5ok o )
Hoga P s HrERE 2 2 deig R ORAE BBt

(=) hgaHh i sah v % 5 Eaek i 4 Suah g & o
fﬁ-ﬁ.ﬂ“\ﬁé—"ﬁ BEGE LB h AR RE R 67 - BA o AR X

Mokirdl s mf s o ot Ry 28R FI 7 L afiibupr
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(- ) BE2 A5~ B35 fREa ) i & T 0 g ohi B
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FREE APM 2 pFe

L E R R AE AGEE R WG BIH 4T 27190 ZE BT X

g
=

4
4
s
=

Se ALl B4 7 1809 » AR K25 & § ¢ > Fw ALy
A2 —A T FREBIR A Lend REET L RO G B
B (Popkin % »2006) o f#ike &% - B oE gl duRiE o H P 4L

L 0TS T ]

7% (sedentary life) §.% < F]% o FIQ Bl E LR EHE S
» [ F B g ik

PMFEEG DT R P RO R PR > PR E
FA > T AL T F i RiER ) 2 TR A S A M e RE
(Caspersen % - 1985)

BIRELRMERF TN NRS T AL T A RELRE R
T (e g P wRAFE ST CABFRE (o op) A2
TRz TR BB (LaPorte % - 1985 ; Westerterp » 1999) o H ¢ e
¥ & k2 (Doubly Labeled Water ) A48 5 | & L5 & E g £72 ) »

BT LT AR R D F SR s A -

s

FTERBTRRBE (BH BH@d ) g BT NP ELMEHE
Hoe Seig 2% R chl Flh4eid 7 Medrp ¥ DREH IS 5

B~ #FFPFF (Plasqui & Westerterp > 2007 )
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PN T L o 7 1Py
B ¥ £ #8758 (daily physical activity ) % & #8388 ¢ @ * wprd 3=
Eh o fE e £ 27 (79 (Ceesay & 0 1989 ; Strath % - 2000 ;
Brage % > 2004 ; Crouter % > 2004 ; Plasqui % > 2005) - * & 3% BRi&#
® 5 VO, @kt % 48 B 1 (Bot & Hollander » 2000)
Strath % & FEF @ % wprd =5 p ¥ PHMEH LT 70 FH RS

SR VO, 4R REE S (dofr s B E R A B %) Bl

Plasqui % & 11w g% 12 4o i enie (HRACM™') & - g icdath o 3

FPT RN p T I Eh P ER R -

A AT LS HE

BAfI EhEE 2t FA R RITLRBVMBEFESFTY &
1960 & B 4~ (Brouha, 1960) > f]* €% = » 14 i 5 50 £ ) 42k B
EA R RN Rt FE) AR S R L S
PER-4 25 %R (r=.83-96) thd - B v Ty FIRMP 4 B
WEEHT 0 WRIH TR L e PEF -4 B R BN FFAL D

e N EEF AR (r=.73-92) (Ismail, 1971) - Reswick ¥ 3t
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1978 & 4p did-de i@ RE TR R Y L Lo WRY FREE L ek R F R
etk RARA B RGP o B R EBRRE T H
F‘}'T | * Bk g/r’ﬁ?ﬂé}m%txﬁ& (’ij’-v”' H &3 > '?”mhf‘ﬁ)i) Eféﬁiﬁfﬁj/

LiPE

\F‘h

f:" :H‘_ o

N

flm

FEET o R ET 0 pL RS R HRE (Wong #
1981) > fI* BRE e RFEP - BV F N ad TR BRERGELR LHER
Freng £ 42 (B~ % Caltrac) > % IR RIp ¥ EdpFLE
wohteid B Behil BB A R EER R R W E TR B E
BiE o A BT RY Caltrac BRI FERRRDEHESHE >
G FR BB eliciE 2 i £ 447 40 B 12 (Montoye % > 1983) > A&7
e b 71 B endiciE 22 50 £ ) 423 49 B 1 (Balogum ¥ > 1989 ) &2 X Caltrac
nEHE T EEA R €5 8 K UMBERE DN RIER LIS
B8 i AR ixE (r=.68-.94) (Haymes % > 1993)

i - H #edoid AR 0D HE B R 2§ RA 4597 8 5] ¢ VO, i
W R A RT b p AR L AR E P (Bouten ¥ > 1997 ;
Chen % > 1997) - Bouten i%ﬁ—‘k#&- fih4e iE *ﬁ,g*?;fé—‘ﬁ I RN

24 pEE P XEF - 3P RS P ¥ E P (free-living activity ) #7i)f

)‘1

i o U F WA TE D AVO, Z o RET v R R SR

T E 2T IgpE (r=.89) - Chen ﬁiéﬁ—*‘ i# * Tritrac-R3D % P ¥ 3
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FRNEMERERPRE 53"5”\}»\5%‘ 24]%?“‘@‘%55?;%&2@15
¥Rt HFARENRIWMEF T ETRES I B (X3 i i

M (r=.92>r=.85)

A IR T T

Pavd g be g R flr e R RIS R RSSO RE
FERPGR (@ LA phtcd ) PP EREL g B
SRl R AR R EEF BRI @ VO, BARM L EP LR
A4 g BV Y RIEpE 455 (Hendelman % 5 2000 ; Levine
% > 2001 ; Strath % > 2002 ; Brage % > 2003 ; Treuth % > 2004 ; Welk % -
2004 )

H v i G = en Actigraph 357 38 DR B E KRBIR T TR

13-14 peehg P& Gt p ¥ il B2 BT 7 AR ap ¥R
BNEL AR TR DA RA D BER R i B E (Treuth £ »
2004)- % 7 & '_F'k EF &R 7 (i B 3mph )i £ 42 12 Actigraph
hiz R Bed (Welk ¥ >2004) - 712 % F 55 & hgadh 3R § L IE R
it # (Hendelman % - 2000 ; Strath % > 2002) - f& Brage ¥ (2003) :E
F CSA #HA N LagiEd R & &prid Okmhr' shgah § 2 2R £

WEd L bt o
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P s AT 7 AR F Zfhbe @ P S A NP MER TR
Bk Fla Z e @ R7 @ HEAD BT 2 » P @ BB H
LSS PF LA F o fadk B Errendi s (Eston & » 1998 5 Goris
% > 2001 ; Powell % > 2004 ; Rowlands & > 2004 ; Chu % > 2007 ; Fudge
% > 2007 ; Rowlands % 2007 )

Fa 7 = fhdeiE LR EH E PR (Tritrac-R3D) & Bl3Z3 &

é*i

WEHE R R H #h4ciE 23 (EBston £ > 1998) » F] & = fih4c i 18
* 4vig B B Ae (vector magnitude =X’ +Y*+2* ) > Hiphteig LA EE
fhenteig BRIp G L4855 E (Powell & > 2004) » @ ¥ = fihtcif L4 48
& B P& (Tritac-R3D &2 RT3) ¥ A543 i & (¢ S5 R 13-6
METs > & 3% & >6METs) # 78 nE M HE L8 2 B ASE

A b E AT PR g R R E (Rowlands ¥ > 2004) -

FH@* RT3 EPRET N LWFES AR 2R L7 s 25t
M4 E e s B EE n & (Chu £ > 2007)

Fudge i?—%’f (2007) ¥ Rowlands % %—*F'f (2007 ) = F & * H #ih4c
BREWEF IR - Z R EBERERPR T
W o BH LSRR RRII ZER G M P 2
EREREF Wbl H b4 id R WEH PR ActiGraph &

BRAEMEUMERFE MR RENHE LR HEFRIPEFITR
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1B 20 BAE R VO, il 4 R - R F e B R Rk

Bl FE@EA I AR E ERRE T SRR WERFERPR

i

BEAR - bt F P EFERPIRC /I F LG DL AR
PG RBAR® FvF - 124 o RT3 ¥ 113 sk o (78 B ik
Rehi B4 RHB BRI TR NP MERE AR (SR
W& A2 > 2005) » ¥ *F Leenders & A (2006) #7305 4vid 3 F
R ETER R R o B GR B E R ER Y LR TR o

7 e ed B A

-n\q,

o R

—

Riv & 4 e E{,T}% fe o 510l Bl E ¥
REFEFL RIS L L2t Rarcl =8 (Westerterp > 1999 ;

Trost % » 2005 ; Plasqui & Westerterp » 2007 )

Ik

Fr@fHEmEe #3th BE PR (e @ Bame ek &
ES %%’E’ # HcIp G (TR £ 44 (Foster % > 2005) ; H fihdceik 7
FRRE S S SRR PEb o5 (Bussmann % >2000) -4 % #HF §4
Hh T -H fhieid B SRR 0 (T R R-b G & # B (foot-ground

contact monitor) (Weyand % »2001) - & Nike+ #@H i i @ *

@.ﬁ%}é‘fﬁﬂaaa e khIE o
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g-¥tia ) G A7 3 RAL > Swartz £ § 5 (2000) 7R §8 ¥ pFE BRchd
BART G LMEE DR - Strath 4§ (2001) A7 F 5 k5 R

LRFE R A e AT A tciE R RS LR V02 BARM

Bl i BB ERERFBEERY PR BB ;F,mggﬂb;p TRAE (T B W

¥: &+ (individual calibration) (Strath % > 2005)

BB E Tl

F¥E e PP iah HE § F 7 R Bk Puge F
(1970) 327 tegah W pF > 33 2 HF: £ MM % r o b
B S B AR o n D (TAR R H e 4o
oo g odey 280 e 8 ks £

Puge = it 1B g’_ﬂﬁ%‘ﬂ%& Fe. (air resistance ) t > F| i b FEETiE B
SRR PR L L2 L ERES Ea8 S RN i S
FEgHER S 215kmhr! B R BH YL 8 %o FHERH T 36
kmhr' o i B ETR2I 16 %o

Daniels (1953):EF o L §a% € 7 BB o £ A AT >

’

BRETE RS ARSI R4S 10 % P E Y k- #EARCLE
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kmhr') (FEa % Ry o B e FRF OO 2 R B4 AR
#4 # P& < o Frishberg (1983) dad B R L ('support
phase) HI|=# ] ¥ 1| L Ris > - @ B teda PEfLE 4 o

White ¥ 5§ (1998) &3t 7 T3 % Tty » &EF
B G TNk 5 8 F (F% 4 (vertical reaction force ) F_4p iz efro g
s BT T AR B e RS gk

FAR e B 13 4p 1T (Lee & Hidler, 2007 ) - Nigg % ¥ —‘ﬁ (1995)

R B T W e BB RN B e

M PR

£ #87% % (physical activity) £4p & 8 ¥ Reieigr L £
B PR AR ,T}'ui)i'%iiii e BP EFEH LI HERE
f&i&ﬁiﬁﬁﬁﬁiﬁﬁ°ﬁj§%éﬁﬁW%‘ﬁW‘ﬁE§$%
BF UGN EARAY g AL P B R AEERY Voz S HYE B
AP B o

FI* S RER A L b R ORPIE PRERE 0 2 fhieid Renl
FEp B b R B SRR e B L e R (T ) -

W R R RIS UG e R R 8 o AR G

&

KL ERE T4

-
gl

LR LI AL P RE SRR o

TR
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FIP AL B3 A N2 S s YR e B B LR
T2 ARETCEF AT PR (- ) FIF S LRI E B L e s BER
A R HFHARBEABSDLEL (2 ) JI* L5 B i

%ﬁ@ﬁﬂéiaﬁﬁ&éiw%ﬁ%ﬁﬁ&zﬁﬁéﬁo
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$ 33 Hpses

AT B kD - R R REE R

SFEHEHI G S HE R T s A A s e
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Ad i & oo

B30 4% B 20 Ay iR e B E A - Ti0i > ¥ B 20 457 &30

~

s Bh s Be dh ~ &5k G (sagittal plane ) 4eiE & 3o o B2 IR |
B dhicE B SR PG 4eid }iﬁ%%i:u&)@i@f‘?#ﬁ i 4 +7 (correlation ) >

PATRRINEE S pcdeig Bdon A EHFLWERE o
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Polar S625X w F4k2 B3Nk &XE 1 - =R H 58 F £400 = ¢ PUsa
FiEiT- Bl s MR E gl b8 B2 46810~
12~ 14~ 16 km-hr! eig B T2 (7564 » o AN T N2 5 @ B 2
B E RN b R
LR - R %R K 2400 2 PUSSGE (7 - Bleua %) e 4
HAFEHIEiE > 150 2 chE pN PUTE FiBI14~6-8~10~12~
14~16km-hr!l cig B T2 7 » Bo IS E N2 e hE R B LR

PEERRORLBAEREF

(Z) & Fgk o LB X @ﬁ%%?j@ﬁﬂ%m}i BORE 5 218 #eu K @ﬁ%l
PSR AEEF > TRRREE AR FA Lty A F
b enE P LEFT (2 8]) b > Ri5% 4 dot A do o B SEB S hE R >
HOphO g 0 MR BT (f4E AN IUT 5 ) BRide ) B i
F Ao AR INL ?E‘J«ﬁ“}i}* »Polar erf&2E3t 8 ¢ eni= % o & * Polar

S625X ¢ ##8 Polar ProTrainer 5 £ {79 %% » # I #)fcP— L o prF 4>

AR AT K 12 /A 4 o
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H chpa ¥ §e 1T o & % Biopac MP150 # I3t 5P~ & ol

AcgKnowledge 3.9.1 & (7§ % ° P~##f 5 200 Hz -

(w) 5% iy @ Ho FHERATLBHPFF S > v FRE T BE
FABERFAF A - 2 P o R F FE R R Sk Lo
EERTATHREL G TRTFER

TSR hed b BECFERFTRRFEF DT

Ao T FF L SRR P G ETNR S L - K4

=

b B 89 % ?}l’i’—'ﬁ s e o

?%4&%@%&4%‘8%042%4J6mmﬂﬁ3§T@ﬁ
g od TR EABEPEYTER AEF BER T 0 FF %E
TR &SR F oI ELL (Y104 F4 £837) - #
Tk i d B Bisk iy o Tu i B FF AcgKnowledge B 4
B RHSEF LA L DR

% 30 #72 k 18 > AcgKnowledge p #° 1%k JeB4eid B TR > F Sie
FERLART RS i d b0 R H - RTINS 2B E

B I Ap e BT o
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B EE KR §RRDER > FILR R bdg TR N L E IR



32

B4 F'Eiapiah 2 Fefl B

AEBER TGS BlEaH 1S ?3?56%@5352%?;?&?5@%‘5?%51
CRERRT (B 10F 0 FL E37T) Ko FHRLEFRT K hi
¢ fede o B AR PFenfE e B B PF AcqKnowledge B 45T PR Bk 4

S AN AL i R

>

N

% 30 #5.% & 16 > AcqKnowledge p # i& ik JeB~4vid B T AL 0 F %K 4
BHE IR TG i d e A E - FEOCET R 2B E
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i {7 B 14 Polar S625X o Fgk2 RANEHKE HEH PiE R E
RO RS S AoW S M7 L3N B R R i R nip MRS
(r=99) » #F Polar S625X & F4kz X3RN e &%y v Bl 9 % 282
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s 8
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Bl S #ah ik & & Polar w Fdkz2 Rtk d 2 4ph 14
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(7R S 12 Polar S625X & Fdk 2. KR gk E HA M e pF Rk
i RS S 4rB 60 BFm B3N 4 A8 L {fi 2o PF BTl o7 g B
4 tEd tA M1 (1=99) » 3 Polar S625X o % 42 K2R frk} v B4

MrTRksafTipl@phiER -
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= | °
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c% 10
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Bl 6 ke Bi# & Polar w F4k2 K3V E 2 P12



35
s BB FEN L S BRE T B R Ao T o T A fRE D
Rt kERZTHCHALIEELR AT S RIS AfE T
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(= ) SensorMedics 2000 g #% @ A F kit * paHh s (B 8) - ;

=

marquette J! & 72000 i 7 % = Rpgh o IR LR R 5 L0 R P ¥

BB R 60 E 0 £ G F AR B H B PE RS F |0 5]
13.6 850 » 7 AcE 450 B E > HA TR A2 05 25 i 8 1814

2TE 5307854 0V FHEAHAE FRE -

B 8 SensorMedics 2000 & #



37

(= ) Biopac MP150 # JZ B3B!

L Y & e
2= e Rt

il 5 e 2 BB R
iR (B9) " BEBMBRWAE (16 <) > w2872 b2 Bl g

16 fﬁéﬁ»bﬁg’f]» A2 fﬁ;zii;iwﬁ%]ﬂz ’ @:fiﬁ%»lﬁ%ﬂz (p #4182 © TTL

TTEAE) 2 16 BBy o 287 % @ * 54 AcqKnowledge 3.9.1

~2

X

TP ERATEE M EA TR EE o

-t

B 9 Biopac MP150 # 32 :1 5 f5~ B
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(Z) 4% 2 F R * 3 Fd CROSSBOW 2 7474 3 i fhte i

(B 10) » A5 i CXL25LP3 > 4cif B & +25g °

B 10 CROSSBOW #iih+e ik H

(z) w4k 2F77 % POLAR 2 @ #74 & ehe S 4k 3155 5 S625X
(B 11~ B 12) »izd MEaH 5 4w F 4k > 756 DA it"’féfsl@?ﬁé?]
e N e AR B TR (B8 PERT ~ Ba b BEAE - S prR T S M) e
B2 ) @éia?]i T e o I ¥ UIE A iE Polar B A IR R R RG] F Y
AP ZETIPRRAEGEEOFERREE  ER Y F IR RERF L
»eF o AFA Y @ * 04 Polar ProTrainer 5 i (7§ 2 #7115 < pe 22 pr i 238

_7I‘=:'IT o



39

Bl 12 Polar S625X 2 B3R % 4k %
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(T )shpl s AL % Biopac @ 4 A2 Rl i ¢z uTe
#E R (B 13~ B 14) » 5= BAFE 2 %+ B TEL 100M-C ( P~ 45
50~50000Hz + JE ik 0.5Hz & 0.05Hz) ; #2%c% Bipidi 422 7 gL 4 o) B
TELI100T ; % = ® 45 2 223 ® TEL 100D-RF (it 35Hz & 500Hz* %

£2 Biopac MP150 # @5 3P~ B dx); 22 7 X B TEL 100R -

il

~.

(FeL100T

E -

‘l BioRAT st

B 13 7% 5% TELI00T(Z)£ %+ % TEL 100M-C(+)
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Bl 14 T A%< E TEL I00R(} )%z £ TEL 100D-RF(™)

(=) 4eig B DB 30457 B 20§52 £ 55 ~ YrERend (5 fh 59 Bt i
RE FRHEIRGHERE EFFHL hE R, EE =5

sec*@G o

BTy a2 4eid R AELE M M Rk (low pass) 5 Hz i& 7 it o

i%ﬁﬂﬁﬁﬁ%i%ﬁhﬂaﬂﬁﬁiﬁﬂo

(=) g 123047 P20 e e pb i@ - T35 > B = 5 bpm

(beats per minute )
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%2 & ML

% g A £4p B (Pearson product-moment correlation ) +“ $i v ig
oAt B oend Be s BrER2 m (8 fh o~ B s KK G deid B R ArE e
2_ [ enip B d e

i * £ R ERE FF %R KL 47 (repeated measured one-way
ANOVA) o 4cig 47305 3 s s Uiz, & Pk 6 4o RfpAEE?

BAWNZLZBM o =01 F %% % 2 SPSS 13.0 #i§8 4 7 o
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G I l”f"_ﬂk W fEEEH S s AAERT N R
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(=) 7 R 3Rideid RAFA B2 B2 R
LEACE %.%%ﬁiﬁ%?ﬁfﬁﬁéﬁﬁ;;ﬁii@a\ %rER = 3 o ﬁ:ij)ﬁﬁfln\
B e AR > BT o B 15 SR BT ARG e R A
B2 A GE o B 16 5B AR R G S B A B 2
AR BT AT e LR kG R B A BB R S FER B

18 % T pa—%riR Rk m *vig RfFA BEE S R2 & 7 B o ?—JF‘T A1 fE 54

HHAT o L HrELE R G S RS B R AP IRE o
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Bl 15 5o fh—< msif i oid R fEA B B2 A G
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Acceleration Intergation (sec*QG)

Treadmill Running- Ankle Sagittal Plane

r=.817 a A
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Heart Rate (beats per minute)

Bl 16 FEH—%r ko v RfgA B8 CH2Z A
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Acceleration Intergation (sec*QG)
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Ground Running- Wrist Sagittal Plane
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Heart Rate (beats per minute)
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Bl 17 TrEi—Emi kot BFALA; BLE P2 LT
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SART 3 f:‘{ﬁ%&\u‘ Bs peiE (T AR B 2 2% o % =

#h (anterior axis ) »

2 %% o &

OB AR A B i (T AP BE 2 X
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4 f8a 9 st £ ez W {8 dh( distal axis ) ~ 4% #h( medial axis )

& ™ fEE ) B YrER 2w (8

4 gh (distal axis ) 4vid B ff 4 B2 < piE (7 4p B

G AR Bt 2 £ e s BrER2. &k m (saggital plane ) ‘v

SN

2,

Foo A fEEHHER S B2 T (5~ B Phic i RAE A B 2 M
Wrist
Treadmill Running Distal Axis T3
Medial Axis 252
Ground Running Distal Axis 1T
Medial Axis 584
*P < .01
L2 A REAH IS AR T (S~ G hted B A 8 2 AR B
Ankle
Treadmill Running Anterior Axis 842
Distal Axis .585
Ground Running Anterior Axis 814*
Distal Axis .667
*P < .01
e A ARG o E s PR koG i@ R A B e p2 AR ML

Sagittal Plane

Treadmill Running Wrist .634
Ankle 817*
Ground Running Wrist 789*
Ankle .829%*

*P<.01
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dod T o W SRR B A BB o E R EM 0 K fhi
ERAFA B Ry RETAEFAM > R G e R A BT <A —
Tw>Ad g FERM (P>.01) o

AR

TR R S BN A e S 0 e PR W

e
~=$e
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Acceleration Intergation (sec*G)
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Acceleration Intergation (sec*G)
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Treadmill Running- Wrist Sagittal Plane
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Treadmill Running- Ankle Sagittal plane
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Acceleration Intergation (sec*QG)

Ground Running- Wrist Sagittal Plane
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Ground Running- Ankle Sagittal Plane
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Acceleration Intergation (sec*QG)
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Treadmill Running- Ankle Sagittal Plane
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Ground Running- Wrist Sagittal plane

60 Speed =-0.0062 Acc? +0.7819 Acc -9.4998 hd *
~ 2 —_ *
G R°= 0.677% . 3
2 $
=
8 *
£
3
=
=]
2
E
L
()
S
<
4 6 8 10 12 14 16
Speed (km/hr)

i

£ 4t i

SR/ A

=\
k!

B30 T4 gL mei kbt B AEA

st
Y

)
P

Ground Running-Wrist Distal Axis

50

Speed =-0.008 Acc® +0.7631 Acc - 2.5463 .
40 R*=0.6186 R

Acceleration Intergation (sec*QG)

4 6 8 10 12 14
Speed (km/hr)

16

i

Bl 40 T ga £ me

—\

G

—\

BhiciE BAEA B G E AR R 2

k!
.
N
)
Pt



62

Ground Running- Ankle Sagittal Plane
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ID: 01 speed 4 6 8 10 12 14 16
23 yrs Treadmill HR 123.25 153.00 163.25 175.25 187.75 192.00
166cm Running  Wrist  Distal Axis 17.35 19.55 24.58 28.66 33.84 39.35
58kg Medial Axis 9.69 12.81 12.11 14.54 16.31 19.89
Sagittal Plane 20.92 24.93 28.79 34.10 39.95 47.07
Ankle Anterior Axis 23.56 27.50 32.38 38.94 45.67 51.87
Distal Axis 8.21 9.45 11.26 13.02 15.25 17.77
Sagittal Plane 25.74 30.08 35.62 42.74 50.39 58.13
Ground HR 99.75 114.25 133.50 155.00 170.00 180.50 186.25
Running  Wrist  Distal Axis 12.13 16.08 17.38 22.78 30.51 32.18 36.08
Medial Axis 14.50 16.14 19.05 22.53 27.42 28.70 30.46
Sagittal Plane 19.34 23.45 22.64 28.19 32.31 35.34 43.45
Ankle Anterior Axis 11.52 17.79 28.09 33.25 33.26 40.45 45.21
Distal Axis 11.40 18.04 27.50 35.61 32.60 37.85 42.47
Sagittal Plane 17.09 26.48 41.30 47.18 49.17 55.31 60.74
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ID: 02 speed 4 6 8 10 12 14 16
24yrs Treadmill HR 129.00 141.25 153.50 171.00 176.00 188.75
177cm Running  Wrist  Distal Axis 9.10 11.43 13.20 15.70 20.24 25.65
77kg Medial Axis 3.72 4.25 6.05 5.41 6.35 8.14
Sagittal Plane 10.51 13.04 15.82 17.36 21.94 27.86
Ankle Anterior Axis 27.95 32.00 36.55 43.69 49.10 56.74
Distal Axis 5.05 8.03 10.49 14.49 17.89 21.26
Sagittal Plane 28.93 33.70 39.30 48.15 54.98 64.18
Ground HR 97.00 110.75 125.25 140.00 163.00 177.00 184.25
Running  Wrist  Distal Axis 15.64 18.07 30.37 34.38 38.35 43.60 41.80
Medial Axis 9.15 10.93 15.85 19.60 20.41 22.46 25.90
Sagittal Plane 19.95 23.21 37.23 43.23 47.63 53.78 55.78
Ankle Anterior Axis 19.56 21.85 26.09 30.25 31.44 40.13 45.88
Distal Axis 12.55 15.11 20.86 26.12 27.40 30.73 33.25
Sagittal Plane 21.49 28.64 32.61 37.54 41.38 47.72 49.88
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ID: 03 speed 4 6 8 10 12 14 16
29yrs Treadmill HR 102.00 127.75 145.5 158.75 174 186.5 190
158cm  Running  Wrist  Distal Axis 15.65 16.18 15.74 15.55 18.96 22.03 29.59
58kg Medial Axis 23.74 22.08 26.62 27.35 25.60 25.97 22.01
Sagittal Plane 30.08 28.80 34.27 36.00 36.37 39.11 40.74
Ankle  Anterior Axis 17.47 20.09 25.47 32.09 38.89 46.72 52.62
Distal Axis 9.03 9.47 10.47 12.21 15.05 18.49 22.64
Sagittal Plane 20.43 23.14 28.63 35.78 43.94 53.37 61.33
Ground HR 91.75 104.00 124.50 144.50 153.50 176.75 182.50
Running  Wrist  Distal Axis 16.97 17.52 19.45 25.78 28.21 30.97 32.21
Medial Axis 19.09 20.74 22.57 24.13 28.09 30.43 37.22
Sagittal Plane 21.30 26.71 29.78 33.66 37.80 44.99 48.08
Ankle Anterior Axis 19.72 20.47 26.96 32.14 34.41 42.05 44.35
Distal Axis 14.07 17.55 21.80 28.18 32.60 38.08 42.66
Sagittal Plane 23.61 29.52 32.56 38.65 44.11 54.50 61.72
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ID: 04 speed 4 6 8 10 12 14 16
28yrs Treadmill HR 110.00 129.00 134.25 156.75 169.50 186.50 190.00
173cm  Running  Wrist  Distal Axis 13.92 15.70 16.33 17.90 18.40 20.54 26.60
72kg Medial Axis 26.13 24.57 23.70 22.87 21.00 19.05 17.96
Sagittal Plane 31.37 32.04 32.57 32.75 32.15 32.06 36.30
Ankle  Anterior Axis 16.02 18.12 21.86 28.60 32.51 39.29 46.80
Distal Axis 9.52 10.00 10.00 10.62 13.70 15.13 18.76
Sagittal Plane 19.35 21.65 25.16 31.66 37.10 44.45 53.66
Ground HR 104.25 119.50 131.50 142.00 154.75 165.25 178.50
Running  Wrist  Distal Axis 11.28 20.25 23.45 26.70 28.96 30.17 30.65
Medial Axis 18.94 24.32 25.33 26.82 27.08 30.25 32.28
Sagittal Plane 22.64 28.75 31.99 33.16 37.30 41.35 43.37
Ankle Anterior Axis 19.54 24.73 25.99 31.44 38.58 40.72 42.56
Distal Axis 10.23 13.64 14.75 19.12 23.22 26.52 28.46
Sagittal Plane 23.64 28.77 33.47 37.84 42.36 43.19 54.62
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ID: 05 speed 4 6 8 10 12 14 16
32yrs Treadmill HR 108.75 118.25 134.25 162.50 177.75 189.75 196.00
166cm Running  Wrist  Distal Axis 8.14 11.42 18.01 18.80 25.98 28.86 36.98
58kg Medial Axis 17.25 16.90 20.85 22.89 20.27 20.54 17.00
Sagittal Plane 19.75 21.03 28.92 31.17 34.39 37.03 42.03
Ankle Anterior Axis 16.94 20.29 25.19 31.78 39.19 50.32 55.69
Distal Axis 9.91 10.28 12.40 13.89 14.68 16.34 20.92
Sagittal Plane 20.74 23.87 29.64 36.43 43.89 55.95 64.03
Ground HR 125.25 138.50 149.00 154.00 165.75 180.75 192.50
Running  Wrist  Distal Axis 14.55 14.14 14.93 17.54 16.51 18.42 18.62
Medial Axis 16.53 18.81 24.89 24.17 23.59 21.98 26.71
Sagittal Plane 24.78 26.96 33.14 34.09 32.94 32.85 37.42
Ankle Anterior Axis 20.09 21.11 20.86 22.46 22.50 24.05 25.04
Distal Axis 15.77 18.05 19.21 22.11 22.93 25.69 27.83
Sagittal Plane 28.35 31.39 32.14 35.88 36.60 39.79 42.31
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ID: 06 speed 4 6 8 10 12 14 16
24yrs Treadmill HR 94.00 122.25 142.00 165.25 175.25 187.00 198.00
176cm  Running  Wrist  Distal Axis 3.74 13.74 23.89 27.84 32.02 33.55 37.09
72kg Medial Axis 7.63 17.53 12.64 12.54 11.67 12.73 12.54
Sagittal Plane 16.65 23.40 28.92 32.28 35.67 37.83 40.88
Ankle  Anterior Axis 14.80 17.69 20.57 25.95 31.92 39.18 46.20
Distal Axis 5.68 6.13 7.35 10.06 12.17 16.30 22.45
Sagittal Plane 16.71 19.80 23.59 29.81 36.57 45.63 56.39
Ground HR 104.00 125.25 145.00 163.75 178.00 186.00 195.00
Running  Wrist  Distal Axis 5.62 17.46 25.09 28.75 30.28 35.62 39.71
Medial Axis 7.64 11.67 12.54 13.64 15.88 17.90 19.53
Sagittal Plane 16.31 20.68 25.89 33.89 37.67 40.21 45.12
Ankle Anterior Axis 19.08 19.58 21.75 24.95 32.09 38.19 46.12
Distal Axis 6.81 6.96 7.15 11.67 12.15 17.03 21.85
Sagittal Plane 20.83 21.25 24.93 29.54 35.67 46.53 57.46
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ID: 07 speed 4 6 8 10 12 14 16
23yrs Treadmill HR 104.00 118.00 141.00 160.50 170.00 186.00 194.25
176cm Running  Wrist  Distal Axis 15.09 16.80 21.48 24.90 27.55 33.77 35.96
78kg Medial Axis 21.17 22.23 20.89 18.84 20.27 24.73 21.95
Sagittal Plane 27.24 29.29 31.55 33.06 36.31 44.78 45.36
Ankle Anterior Axis 14.72 17.20 20.71 24.85 29.16 34.31 39.28
Distal Axis 8.66 8.48 9.67 11.61 13.49 16.59 19.49
Sagittal Plane 18.47 20.45 24.37 29.66 34.59 41.19 47.44
Ground HR 106.75 120.25 143.00 160.50 170.75 187.00 194.25
Running  Wrist  Distal Axis 12.89 15.05 21.64 24.95 27.62 31.17 36.09
Medial Axis 18.48 20.23 20.18 21.95 22.78 24.73 25.02
Sagittal Plane 20.83 28.56 31.21 35.60 38.13 40.35 48.25
Ankle Anterior Axis 13.63 19.02 20.97 25.84 29.66 34.09 38.92
Distal Axis 8.41 10.13 11.67 12.11 13.56 16.65 19.88
Sagittal Plane 17.84 21.51 25.73 31.69 35.94 41.11 47.64
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ID: 08 speed 4 6 8 10 12 14 16
23yrs Treadmill HR 87.00 100.25 121.25 142.00 172.50 183.25 193.00
170cm Running  Wrist  Distal Axis 11.69 16.68 20.61 23.83 28.85 32.69 39.16
63kg Medial Axis 20.21 13.79 13.64 12.47 11.49 12.34 15.28
Sagittal Plane 24.62 23.20 26.21 28.49 32.76 36.98 44.46
Ankle Anterior Axis 16.23 18.16 22.37 28.09 35.23 42.07 50.03
Distal Axis 9.21 10.96 11.88 14.87 17.91 21.78 26.06
Sagittal Plane 19.69 22.37 26.98 34.02 42.18 50.41 59.66
Ground HR 99.75 110.50 123.75 145.00 170.25 183.00 192.50
Running  Wrist  Distal Axis 11.06 16.78 20.53 23.68 28.41 32.06 38.61
Medial Axis 11.09 12.34 12.97 13.49 13.86 15.83 20.21
Sagittal Plane 19.62 22.01 26.13 28.38 36.79 37.63 44.81
Ankle Anterior Axis 16.55 18.36 22.73 28.15 33.26 40.73 45.83
Distal Axis 9.13 10.76 11.83 14.68 17.43 21.51 26.16
Sagittal Plane 18.69 23.78 25.89 35.79 41.88 50.14 55.66
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ID: 09 speed 4 6 8 10 12 14 16
52yrs Treadmill HR 122.00 132.00 135.50 146.25 157.75 174.00 182.75
174cm Running  Wrist  Distal Axis 11.36 13.28 14.53 15.01 17.48 21.50 28.39
68kg Medial Axis 20.65 20.90 24.27 25.26 28.60 31.29 37.22
Sagittal Plane 26.20 27.66 32.41 33.42 37.80 42.69 52.67
Ankle  Anterior Axis 23.00 24.30 28.15 32.09 40.83 47.64 53.89
Distal Axis 10.02 12.42 15.85 21.32 26.93 33.70 41.13
Sagittal Plane 26.55 29.92 36.28 43.43 54.57 64.82 75.88
Ground HR 120.50 132.25 140.75 148,00 157.25 176.00 188.75
Running  Wrist  Distal Axis 11.36 12.87 14.57 15.09 17.84 21.64 27.26
Medial Axis 20.23 22.98 24.67 25.94 29.34 32.64 38.19
Sagittal Plane 25.78 28.96 33.69 34.94 38.57 47.16 57.61
Ankle  Anterior Axis 20.78 23.83 29.15 32.53 41.84 47.35 52.03
Distal Axis 11.43 13.25 15.68 21.31 27.42 35.41 42.64
Sagittal Plane 22.58 29.83 38.26 43.18 52.53 61.43 72.18
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ID: 10 speed 4 6 8 10 12 14 16
26yrs Treadmill HR 112.75 135.25 148.50 168.25 186.00 191.50 197.00
172cm Running  Wrist  Distal Axis 11.86 13.88 14.83 15.70 18.65 26.53 29.52
67kg Medial Axis 18.00 19.78 21.39 23.39 27.07 33.51 36.23
Sagittal Plane 24.75 27.92 29.87 32.34 37.65 48.88 53.44
Ankle Anterior Axis 25.31 28.25 29.14 32.46 35.74 42.50 50.34
Distal Axis 9.47 12.44 16.62 22.93 29.19 37.25 45.91
Sagittal Plane 28.25 33.04 37.38 45.22 52.88 64.16 77.35
Ground HR 115.50 135.75 149.00 168.00 183.50 189.75 193.00
Running  Wrist  Distal Axis 11.98 13.48 14.34 16.07 18.68 25.19 28.25
Medial Axis 18.86 20.37 22.88 23.53 26.37 33.12 36.25
Sagittal Plane 24.63 28.09 29.67 33.15 36.57 49.83 54.62
Ankle Anterior Axis 23.37 27.52 29.98 32.49 35.05 43.78 48.15
Distal Axis 9.41 12.64 16.56 22.83 29.69 35.39 41.19
Sagittal Plane 27.98 34.04 37.09 44.25 53.84 61.81 70.37

91



ID: 11 speed 4 6 8 10 12 14 16
21yrs Treadmill HR 120.75 132.00 142.00 156.75 177.75 186.50 193.00
174cm Running  Wrist  Distal Axis 11.72 14.08766  14.60873 15.53632 16.63045 18.00335  22.11939
70kg Medial Axis 21.01 225105  25.84952  28.13149  30.84549  29.77407  31.46099
Sagittal Plane 27.35 29.59659 32.5813  35.50146  38.67705 38.5947  43.01241
Ankle Anterior Axis 23.83 25.25957  28.09165  32.23966  36.01775  45.35143  53.83405
Distal Axis 832 11.52895 16.70495  22.17279  30.61293  38.63576  48.54585
Sagittal Plane 26.31 30.66019  37.12333  44.56808  53.57055  66.69318  80.78259
Ground HR 117.75 130.00 143.50 156.25 170.50 183.25 192.00
Running  Wrist  Distal Axis 10.57 13.76 14.87 15.63 17.43 18.39 22.17
Medial Axis 21.13 22.05 25.54 27.98 29.49 29.77 31.60
Sagittal Plane 26.21 28.56 32.18 34.15 38.06 40.47 43.41
Ankle Anterior Axis 23.67 26.52 29.16 33.96 36.75 41.43 53.52
Distal Axis 8.77 12.95 15.59 23.79 33.93 38.76 45.85
Sagittal Plane 26.56 30.19 36.33 45.08 55.73 63.81 78.52
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ID: 12 speed 4 6 8 10 12 14 16
21yrs Treadmill HR 113.00 133.50 155.75 171.25 183.00 193.00 205.25
186cm Running  Wrist  Distal Axis 8.72 10.67 13.18 16.64 18.67 26.06 33.88
81kg Medial Axis 14.09 17.48 19.13 19.92 24.88 33.59 38.88
Sagittal Plane 18.77 23.36 26.81 28.63 36.38 48.76 58.69
Ankle Anterior Axis 17.80 19.30 21.44 25.22 30.60 38.62 46.35
Distal Axis 10.43 13.67 17.51 22.34 29.03 37.96 44.44
Sagittal Plane 22.34 25.88 31.05 37.54 46.38 59.46 71.70
Ground HR 113.00 130.50 145.75 162.50 175.50 183.00 193.25
Running  Wrist  Distal Axis 8.76 10.53 13.17 17.25 18.53 25.07 32.83
Medial Axis 14.25 16.83 19.43 20.57 24.38 33.67 39.45
Sagittal Plane 18.06 23.51 26.73 30.56 36.72 46.78 55.89
Ankle Anterior Axis 17.31 18.60 21.63 25.74 31.26 38.71 46.33
Distal Axis 10.44 13.68 18.55 22.36 29.17 37.66 44.51
Sagittal Plane 23.21 25.18 32.01 35.74 43.40 57.46 69.73
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ID: 13 speed 4 6 8 10 12 14 16
29yrs Treadmill HR 90.00 101.50 116.00 133.25 154.00 166.50 174.00
175cm Running  Wrist  Distal Axis 11.76 14.18 17.29 18.71 22.96 26.36 29.75
60kg Medial Axis 20.75 24.66 28.52 26.65 31.83 33.46 33.18
Sagittal Plane 27.74 32.80 37.00 36.32 42.57 46.54 48.49
Ankle Anterior Axis 22.29 24.23 27.75 33.25 40.31 4991 58.63
Distal Axis 11.12 13.97 17.67 22.59 29.33 37.22 46.57
Sagittal Plane 26.91 30.60 36.21 44.11 54.50 67.72 81.21
Ground HR 98.75 109.00 116.50 133.25 155.00 166.75 180.00
Running  Wrist  Distal Axis 11.87 13.88 17.25 19.17 23.67 26.45 29.47
Medial Axis 20.56 23.46 28.71 29.65 31.47 33.54 34.18
Sagittal Plane 27.36 32.81 37.52 38.11 42.57 46.46 49.83
Ankle Anterior Axis 22.17 24.32 27.56 33.25 40.19 47.83 58.77
Distal Axis 14.21 15.97 19.66 23.95 29.36 35.26 46.57
Sagittal Plane 27.93 30.71 37.12 45.11 55.46 62.77 72.12
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ID: 14 speed 4 6 8 10 12 14 16
23yrs Treadmill HR 125.00 135.50 155.25 164.50 178.00 189.00 193.00
178cm Running  Wrist  Distal Axis 15.43 18.00 20.60 22.73 28.24 29.97 35.96
63kg Medial Axis 16.92 21.78 24.65 26.36 29.42 33.95 37.95
Sagittal Plane 25.70 31.69 36.21 39.32 45.92 50.36 58.42
Ankle Anterior Axis 22.60 25.21 28.71 32.62 35.79 40.01 44.78
Distal Axis 5.77 7.58 9.86 12.14 15.46 18.08 21.84
Sagittal Plane 23.87 27.37 31.78 36.66 41.38 46.54 52.73
Ground HR 126.00 137.50 152.75 166.50 173.00 189.25 195.75
Running  Wrist  Distal Axis 15.66 18.73 21.61 23.37 28.26 30.16 35.06
Medial Axis 16.18 21.56 24.73 28.36 29.41 33.55 37.15
Sagittal Plane 25.38 32.71 37.12 40.31 45.99 51.27 57.26
Ankle Anterior Axis 22.37 25.16 27.83 32.17 36.56 41.21 45.09
Distal Axis 6.83 9.55 10.86 12.44 15.79 18.91 22.83
Sagittal Plane 24.76 28.73 33.71 39.56 4481 49.54 55.73
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ID: 15 speed 4 6 8 10 12 14 16
23yrs Treadmill HR 101.25 120.50 141.00 152.75 169.00 183.25 192.00
172cm Running  Wrist  Distal Axis 15.81 18.69 23.98 27.47 28.81 29.27 32.46
65kg Medial Axis 19.00 33.08 36.24 39.60 44.43 44.29 48.19
Sagittal Plane 27.73 42.06 48.53 53.96 58.00 57.76 63.03
Ankle Anterior Axis 25.87 27.90 29.82 31.50 36.56 40.48 44 .98
Distal Axis 4.35 6.84 11.65 16.64 16.54 20.33 23.63
Sagittal Plane 26.73 29.38 33.76 38.69 42.32 48.28 54.38
Ground HR 103.25 120.50 142.75 152.00 169.25 187.00 193.50
Running  Wrist  Distal Axis 15.86 18.83 23.99 27.76 29.27 32.46 35.21
Medial Axis 19.06 33.17 37.16 40.61 44.53 46.92 48.91
Sagittal Plane 27.36 43.06 49.53 52.43 58.87 60.25 63.06
Ankle Anterior Axis 25.87 27.61 29.83 31.53 36.51 40.41 44 .83
Distal Axis 4.51 7.83 12.54 14.36 16.27 21.33 22.57
Sagittal Plane 28.35 30.12 32.54 38.76 42.31 48.27 50.36
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Average speed 4 6 8 10 12 14 16
Treadmill HR 106.9+12.0 123.8+11.0 140.4+11.2  157.0£10.2 172.7#8.3 184.4+7.1 191.9+7.0
Running  Wrist  Distal Axis 11.9+3.5 14.6£2.7 17.74£3.8 19.84+4.8 23.1455  26.8454  32.14£5.2
Medial Axis 21.3£34 22.244.1 25.3£3.6 28.94+3.6 34.243.8  39.9+44.8  43.4458
Sagittal Plane 17.1£3.4 20.5+4.9 24.8+4.0 26.6+4.5 299446  33.1£3.5  37.4440
Ankle Anterior Axis 21.3£34 22.244.1 25.3£3.6 28.94+3.6 34.243.8  39.9+44.8  43.4458
Distal Axis 17.1£3.4 20.5+4.9 24.8+4.0 26.6+4.5 299446  33.1£3.5  37.4440
Sagittal Plane 11.9+4.3 16.1+5.7 20.1£5.9 25.3+6.4 31.1£7.8  37.949.1  44.7£10.1
Ground HR 108.2+10.7 122.5+11.2  137.7+11.1  152.7#10.4 167.3£9.0 180.7£7.3 189.445.7
Running  Wrist  Distal Axis 12.4+3.0 15.8+2.7 19.5+4.9 22.5+5.6 25.5+6.3  28.9+6.6  32.2+6.3
Medial Axis 19.6£3.7 224434 25.943.3 30.0+3.6 342447  40.0£5.5  45.547.3
Sagittal Plane 16.3+4.2 19.7+5.7 22.446.2 24.1+6.5 26.2+7.1  29.0£7.6  32.247.8
Ankle Anterior Axis 19.6£3.7 224434 259433 30.0+3.6 342447  40.0£5.5  45.547.3
Distal Axis 16.3+4.2 19.7+5.7 22.446.2 24.1+6.5 26.2+7.1  29.0£7.6  32.247.8
Sagittal Plane 10.2+3.0 13.0£3.5 16.2+45.1 20.7£6.7 242474 29.1£8.3  33.9+£10.0
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Wrist Ankle
Treadmill Running Ground Running Treadmill Running Ground Running

ID Distal Medial Sagittal Distal Medial Sagittal Anterior Distal Sagittal Anterior Distal Sagittal

Axis Axis Plane Axis Axis Plane Axis Axis Plane Axis Axis Plane
1 . 932% . 912% . 935% 97X .991% . 929% . 942% . 934% . 937T% . 978% . 967% . 980%
2 . 953% C912% . 953% . 962% L 9T73% 97T . 987T* . 991% . 986% . 963% . 980% . 992%
3 . 132 . 184 . 938% . 983% . 937% . 989% . 957 . 888% . 945% . 995% . 993% . 976%
4 . 882% . 983% . 600 . 939% . 969% . 992% C9T72% . 895% . 963% . 984x% . 990% . 984x%
5 . 956% .300 . 974% . 897% L1775 . 862 . 970% . 922% . 962% 971X . 990% . 987%
6 . 989% . 191 997X . 981x% . 975% . 993% . 93T* . 881% . 925% . 89T* . 878% . 889%
7 . 985% . 220 . 939% . 992% . 972% . 968% . 975% . 929% . 968% . 981% . 938% . 983%
8 . 980% . 554 . 922% . 980% . 865 . 983% . 973% . 959% L 9T73% . 987T* . 966% . 992%
9 . 953% L 973% . 968% . 980% . 992% . 985% . 992% . 995% . 995% . 987% . 989% . 996%
10 . 864 . 915% . 895% . 897X . 890% . 880% . 888% . 940% . 926% C91T* . 961% . 950%
11 . 921% . 964% . 982% . 965% . 979% . 998% . 939% . 975% . 965% . 947% . 988% . 979%
12 . 915% . 902% .910% . 928% . 908% . 943% C911% . 948% . 932% . 934% . 959% . 924%
13 . 987% . 948% . 978% . 995% . 935% . 974% . 965% . 968% . 968% . 982% . 974% . 997
14 .961% L 9T74% L 9T73% . 9T78% . 992% . 988% . 978% C9T72% . 9T78% . 986% . 969% . 992%
15 . 980% . 954% . 963% . 992% . 955% . 959% . 958% . 985% . 978% . 964% . 996% 977X

*¥P<.01
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