HEEAAN S YR A11N AM2E
The Journal of Korean Society _of Physxcal Therapy
Vol. 11, No. 2pp 43~50, 1999.

78"'2]' /H Qle] WhEof. -T-7]-54 ‘El-'x")ﬂ B
g_ag.s- vz £ % w3}

2ddstagg Ageltad
488
CFddeayge
M+ 488
A EE '
BB =

Change: of energy mnsumptlon accordmg to loading on the
| ankle of normal adults during. gait

Kun, Bong Ok, M.D.
Departmen: of Rehabduatton Medicine, Chungnam University Hospaal,
Chae Su- Sung, P.T., Kim, Yong-Gun P.T., MPH.
Chuuguam Unl‘versuy Hospital
'Bnn, Dong-Uck, P.T., M.P.H.
" Taejon Veterans Hospital

<Abstract> o

The purpose of this study was to evaluate the change ‘of the energy consumption when loading to leg of the
60persons who don't have past history of cardlopuhnonary and neuromuscular disease.

To evaluate the change of energy consumpuon, heast rate was ‘measured in smmg position for Sminute,
during walking for 3minute at for 4.8Km on treadlmu and during mmng state after walking with 1Kg loading
to right ankle, and the other lKg loadmg was added to left ankle and then heart rates were measured in the

The results were as follow;

1. PCI value without loadmg to Ankle were significantly- increased compared to 1Kg, and 2Kg. ( p<0.05 )

2. Female Subjects showed more increased PCI value in without loading and 2Kg loading compared to male
subjects. ( p<0.05 ) . g :

3. When 1Kg and 2Kg loading to ankle signiﬁcantly differences were showed between them. ( p<0.05)

4. In the case of 1kg and 2kg- loading. the difference among age groups was observed and the significant
difference among PCI, PCI lkg, PCI Zkg was showed in the only group that is less than 30 years old.

5. In every PCI condition the dxffe:_ence among hexght groups was obscrved and the significant difference
among PCI c_:onditions was showed in the only group that is less than 165¢cm.
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6. The difference among weight groups xn each PCI condition was not observed, but the significant
differences among PCI conditions was showed in.every group except the group that is from 60kg to 69kg.

These results showed that energy consumption was increased according to loading on the ankle during gate

so weight of orthosis or prosthesis must be considered when choosing them and during gait training with these

Ones.
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Tsble L. General characteristies of subjects studied (%)

 lems © Number
Male 33(55.0)
Female 27(45.0)
Age(years) : :
<29 35(58.3)
30 - 39 11(18.3)
40 - 49 10(16.7)
50 < 4 6.7)
Height(cm)
< 164 26(43.4)
165 - 174. 26(43.3)
: v 175 < 8(13.3)
Weight(Kg)
<49 6(10.0)
50 - 59 23(38.3)
60 - 69 21(35.0)
70 < 10(16.7)
Total 60(100.0)

£ @A 77.018.6 B/, A 775467 AACIUD B
9 Avee dat 103.619.0 S, 14} 107.6+86
/RIS 1Kge] #oHR 33 B8 F A%eE U
1062£8.3 /A, & 1142173 HAEeIUR 2K
2atg 332 B9 & WS 3A 1085189 /A2
An oale B 12224112 HAeE e
(Table 2).

Table 2. Mean of gmeral characteristics. of subjects

. ' (Mean+8.D)
v * Tiems - - Male - Female
Age(year) - 288197 328+109
Weight(Kg) CG4TET0 5431 63
Height{cm) 1709+3.8 1600+ 40
Rest heart rate(beat/min) 770+86 TISt 6.7
Post heart rate(beat/min) 103.6£90 1076+ 86
1Kg gait heart rate(beat/min) 1062483 1142+ 7.3
2Kg gait heart rate(beatmin) 108,589 1222%11.2

3. AJgoil & PCI, PQ 1Kg, PCAI 2Kgat T2
A |
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Table 3. PCI, PCI 1Kg and PCI 2Kg by Sex

(unit : best/meter)
ind of PCI  ___ e -
Sex PCI™ POl IKg” PCI 2Kg
Male”  553+1.62 6.08+1.36 © 655+1.48
Female”  6.83+2.13 8341236 10131294

Grand mean 6114197 7.10+218 ~ 8.163:2.87

*:P< 0.05, T-test between sex within each kind of PCl
**:P< 0.05, ANOVA between kind of PCI within each
sex
1) Physiological Cost Index without additional load
2) Physiological Cost Index with 1Kg Joad
3) Physiological Cost Index with 2Kg load
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Table 4. PCI, PCI 1Kg and PCI 2Kg by Age
(unit : beat/meter)
PCI 1Kg” PCI 2Kg”
<29 35 571165 651+1.67 7.40+1.93
30-39 11

Age N  PCP

636+2.16 7.25+231 8371392
40-49 10 6531232 8.04+276 9.66+3.32

50< 4 7941249 9401265 1052+3.73
Grand mean 60 6.11:197 7.10+218 B8.16+2.87
* : P < 0.05, ANOVA between age group within each
kind of PCI
** . P <0.05, ANOVA between kind of PCI within each

age group
1), 2), 3) : Refer to table 3

5. 4lztof| ut& PCI, 1Kge| PCl, 2Kge| PCI
U4 A

A3 Bef F oix] AREste]| $AE B, AA
PCI8] AS 164cm o]3lo]A 6.96+2.08 beaVmo.2 7}
A=A Jepda, 175em o) oA PCI i gte) 492+
1.32 beatme.2 7} @7 Jeldr}(P<001).

3 1Kgel #3HE FUE 75 164cmo|3jol| A PCI
#to) 8.4112.37 beat/m®) o142 AR T & Yepd el
175cm °]’gel M PCl R #o] 5.4411.13 beat/me.2
Ao} 7} A TH(P<0.05).

B3 2Kgel H3E A& A§ 164cmo] el A] PCI
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Table S. PCI, PCI 1Kg and PCI 2Kg by Helghi(cm)

. (unit :*beat/meter)

Heigt N PC”  PCI1Kg” PCI 2Kg”

<164” 26 696:208 8411237 10204298

165-174 26 563:1.69 629£138 6704163

175 8 492%132 544113 633%102

Grand mesn 60 611%197 7.10£218" 8.16:+2.87

* : P{0.05, ANOVA between height group within cuch
kind of PCI
** : P{0.05, ANOVA between kind of PCI: wnhm each :
height group
1), 2), 3): Refer 1o table 3
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Tuble 6. PCL PCI 1Kg and PCI 2Kg by weight(Kg)

(unit . beat/meter)

' Wexgm N PCI”  PCI 1Kg® . PCI 2Kg"
€497 6 6141160 7471143 9.58+1.90
50-59" .23 6504222 7.71+237 899+3.13
60-69 - 21 6294197 694+235 7441306
70<” 10 483+094 5794099 693+1.09

Grand mean 60 6.11£197 7.10£218 8.16+287

*: P(0.05,° ANOVA between weight group within
each '
kind of PCI :
*+ : P{0.05, ANOVA between kind of PCI within each
- weight group
1), 2), 3): Refer to table 3
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AR o' Fate] % ouiA] 2R st AHE #Al

88 8 4 T
Table 7. Correlation betweea PCY, PCT 1Kg by PCI 2Kg
PP PCT 1Kg?
m 1Kg? 0897"
PCI 2Kg? 077" 0.897"
*:P<005 * P <001

~ 1),2), 3) : Refer 1o table 3

V.1 #

B4 wgold F 20E AXle) 58 #4 Haw
o} oAl # ARSRM FEHD Ao 2 A9 7
AZNE Ro2 oJFAIE Hé WO §,
1994). Hojol BRE 43 X E 3 HYSE# AYee
o) B ALY R A4F, 71% et 713
i3 FRY WYo2 Il sirk(Bohannon, 1987).

ol U FUAQ AL AR AeMe 390 2

BHErt datithe Aol a7He HSEE



Robinetts} Vondran(1988)] g} st} i7slo} ed 2
ol olata AAlale) A7le) whe} Aol Rlovt B
# 44.5m/min AE= Slojo} wrkn ok 1§ AP
A3}z o) fol ¥ o, Palel 24 FAA B 5Y4
olu} Aol AR g WM 2 o M) 2
£& FAAIIE Ao] Alfze] EHd 228 847}
¥ Aolth ’ _

Rej&se] oa) ueAe ¢ Lase AAE AL
shate Wekel MPEdo) Wasict ek oA nay
43t £ HoluA g™ ol AR} F7HH

cyc}e ergometer test, arm exercise test Ho] glout
(Finestone -, 1991; Pitettis} Tan, 1990) YWt o 2
treadmill_ test7} Bol o]-8-53 . 713 YrHE 53

22 ¢ A% IR B $5FE SHA oy

ok HEFO2 AW Wbl @abe) A FAse B

3 QU 2715 Az s oY A3 Hefo] of

WA "okl 5, 1994). o] ot gxtel Ry

284 Hage Fa40] FA1€ AHolth

Rose §(1991)& 422w 33} ©s] RgAT Uy
48\ o) Bolst B AololM wreadmill HAHE ¥
o) u)ssto] @} RagA R AasR P} Ao 9|
& curveZt RAMNE Baslgien, PCIRte] X/dvhd]
GolollA) Fgdole] vla) 330 E& AAE BYrkn
siRich A2 Aol E e Bake YR} ofuizx] &
2t B30l RE AR A $FE ANAY L
A ¢ o A 22Ert Y Y] A
tHA 8] F, 1996). .

Az 2mst ¥ Qe 2L YsiAlolc. Kty
o2 z3% AoAS 715e ANz 2 2R o
AoE FEHR, ol ABRLE A chrd diAla
Fol AP H-& AoRichEEsh AFY, 1999)
ol AMA® XIFshe 7Y B AN A3 s
2 %] 3lom, 2 $5e) A=l ma} Aol &g
£ th2s) yshdd. olaje wee) F5kE FF VR

222 P9 57-78% AES] $302 $FHE FU S
AEed ol Hdl Auseel 70 - 80%c] Dol
(Fardy ¥, 1988), 93 0.2 4utd1} METE 7|1EC
$5-& Ngets Aok

E dFoNE Yud 71¥o2 she PCIE o83
o AV ENA F-3HF F2 treadmille] M BaJF A
4 ¥ oludxle) 2veg 3Ysged yie) Acd
1Kg, 2Kg2 2 2ol § $2U& A+ 23y 74 Wk
Ao} vl 2 ALY oA 2RE5 HsHE A
st g3 a9lo] RoRIAE Helsug, x4 AE
A& ALE 43¢ & S Rolg 4.
Physiological cost index(PCIye B.884] Aubg=9} 2t A]
Abe] ajol@ HY&KEE Ui gto R oux|4r el
Y=g 393AY Lygcle] = q Prlehed o8-
slo] SHUES 5, 1996).

HES F(1996)2] S8 Hd Hopy] gAelA PCI
€44 9 R4 o 4uuAE Bie
Y, 22 9jo)) BY&Te} RYA] ALV FHE Feji
£ 2ok FAAoM e abny], s ek, B
YA) AbbA D o] PCIS} f9)48& R of £ 34

A PCIE #Ysi B AAE Yol £4A @

Batel 7)2 S WA 4 Uk o Uolyt Agel

A, 5 L Y= 424 5 A%, Aue] AI4HE A

7hstn, EA el 7128 A& 4 UrkBrice, 1977).

ol AIMAIE o g3ied e AT Yol
7} 1% wde) shiz sikle] Mg 4 Sl eluial &
23& 348 Aol A ARFE £5& ¢ o
A AU Y FY & ALARBE 3PS
2 BHYoE & 4 en, ArAvGge WY 3
2 AN AP, 4, 99, UMY g5 wet
thg Ro 2 gl 3ith(Finestone §, 1991).

VAELRFE AW PHo B $EHH AR A
A#A Sed $5¥e gAle] FHE teadmill test,

EoA 83 24 Ane A 4 Ue Aoz 2
2l¥ 4 Aok

AAZ FAle BxEH 2P & e ¥R
Autee FARCE Aol Riglch #Au YAl
Adlo] MaH B £ BePA], Bxje} P4 g2
29 Aueg RU4EE e PCI G 898 xlol@
Uehl Ba2M ohixl Av%r) o Zvhske A
£ 4 AR 5, 1996).

A Aol Pshe) Bt Bl YoM ArsE
&, A, 3 3840t Sk AR Bylev o3
Aupeat feolgt xol@ RAcHMillerst Stamford,
1987). WA E BAS] AA7H 9715l Pl
= 9%e A8 gn, £§ Alde 540} 31
2 A% o 8 %E FAHETEs WY,
1994). ‘ _

2 AFNME $5HE 32 %5k wis) PCl W@ 3t
1Kgel ¥ 391& W] PCI W3k, 2Kgel ¥atad



Z0& Wel PO BTG TP AR H2§ 34 0

She o Bch 54 F2E o PO YRake) A vIEH

wn, AN oS feol ¥ Aolrt Yt
AES §(1996)9) APAME AR 4, 9%, A

3% A% Fo B4R A 2u0e] JEVAR Y

St o PCle B2 2.2 aloj7} gt & AFoM

€ 3AAE o148 Raolr) R Bals) vlmeirlE
BAOl ABARL AF A el Fhl wEde

qUA) ares} otk AgE Lo, MFE &

o1% Aol @ Holx] wsich A2 Nl eAe) duix)

2257 o F7iee dARG A vehd R@ &

o7} ANk =Y ARG B RAE Fa) gt o

PCI kol 2ol7h §iRAI 2 83 1Kgst 2Kgs) B
e F& A5 PARRR) 7D BAHY &

2j2ge} et
€ A7e 38 A0LE Qe ¢ rlog, xE
oA Al MAe] 27 g oz o @

A Wbk A9 & Aol geME ofuix 22
ol 2A Aol7t YAAL Foi7} o2 & Yo ¥ &
8 oA 22| F7IHHTHP<0.05)”

4. Ao @ o) 2R FE o] F48 Ao
PCl 93 2500 BAH2 folahA issct
(P<0.05).

5. APl BB Nidx] 2BYL MPo] BAF45H o
WAl 2R el Wi yehstest A8 f9)9e eigl

‘o

6. 3t5& A std A9 PC FTY, 35 1Kg
Bairie) PCI HF %, 813 2KgH 81419 PCI B3 3te)
ARBAR & A3 A¢ ¢ RYAR el R 3
o] 71 wie} o] 22P0] F7HHE & 4 UG
@aA<4 = 0.897, 0.717).

olgel AiHE BE FAA B¢ Xl #7149 %

Po] FAUSE JUALRI} ZoeH, A, WY @

71 Rastelet Bot. B8 A7 E& 1 Wel
I oA dedHs RSHE & $EYES A
& T8 ATE 4 O O AREN) Q8

= 323} Molo} ¥ A2 Jzdct
V. d 8
B389 60& WYoR A4, W%x}ﬂ Avqg

U &l nega) A 2L FECHE 378
FH % Aok chas R}

A3 mel, Yol wat ofuix) AR 27} EE g
28 o2 Mzgr). Baloly sl B2 o o4
2§ {84 A9l ouix) ARPE FoHE Aol
I Aslo] ole] Md % 345 WedA] e ofiiz)
220 U@ 27t oY Ao Az

<3 12 8>

- AP, clgel, AT B HET VR Ay {54

L 33& $A) 43k 34 va) 1Kg % 2Kg9] 2}

& E A%} fel3A Pal 3o FvMgon), Ee
1Kge| 3% & 310 vish 2Keo 83§ & A4
freletAl AUA 225} Sl 339 371 ot
2 ofiix) 2RE 3717} BUASIUTHP <0.05).

2. ¥ We Be 3 ouyx)
WSt 249 PCI HRF, 33 1KgAlg PCT Y7L,

&2E,

B AT WA el etna], 18(4) : 736, 1994

R, 7Y, &4 UM BYF ouyx)
4% 9} Physiological Cost Index2) #-8-4. th &A1
slare)a], 20(1) : 39, 1996

WA AN Y $FRE] BB Asr)F

9 3k avdelaiAl, 21(2) : 361, 1994

e, PAE, HENT SRR PR BE $F

LRFE (TE FA

83 2Kge) PCLHRG ZFolM QAT ool 5

A vdehd ofdx] Axst ge ai—i b}ﬁ’r‘,&‘;}(ko 03,
P<0.01)

3. 9% & To W@ Ny %"’Bblﬂl L2%E &3

@ 3 PA W@ ddMe Aol7} gk 1Kes) 83

& FU& 7258 PCl BAUH} 2KeS) ﬂ%ﬁ- F U

B399 PCRRIME fel @ Hol7} 1tent, -'%‘-8}3-

Ao P A7 ciPAYARAA, 18(2) : 256,
. 1994
Blessy R': Energy cost of normal walking. Ortho Cli
North Am, 9 : 356, 1978
Bohannon RW : Gait performance of hemiparetic stroke
patients : selected variables. Arch Phys Med
Rehabil, 68 : 777, 1987
Bruce RA : Exercise testing for evaluation of ventricular
- function. N Engl J Med, 296(12) : 671, 1977
Fardy PS, Yanowitz FG, Wilson PK : Cardiac
~ rehabilitation, adult fitness, and exercise testing. 2nd
ed, Lea & Febiger, Philadelphia, p157, 1988

- 49~



Finestone HM, Lampman RM, Davidoff GN, et al : Am
ergometry exercise testing in pai:’ents with
dysvascular amputations. Arch Phys Med Rehabil,
72: 15, 1991

Mckiman MD, Froelicger VF : General Principles of
Exercise Testing In : James SS : Exercise testing
and exercisc prescription for special case. 2nd ed,
Lea & Febiger, Philadelphia, p3, 1993

Miller JF, Stamford BA : Intensity and energy cost of.

weighted walking vs. running for man and women.
J Appl Physiol, 62(4) : 1497, 1987 .

Pitetti- KH, Tan DM : Cardiorespiratory response of
mentally rétarded. adults to air-brake crgometry and
treadmill exercise. Arch Phys Med Rehabil, 71 : 318,
1990

Robinett ‘'CS, Vondran MA : Functional ambulation
‘velocity and distance requirements in rural and
urban communitics. Phys Ther, 68 : 1371, 1988

Rose J, Gamble 1G, Lee J, et al : Energy expenditure
index : A method to quantitate and compare
walking energy expenditure for children and
adolescents. ] Ped Orthop, 11 : §71, 1991

- 50 -



