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Effect of the trunk lean during gait on effective use of mechanical
energy in the elderly people
SAKUMA Toru ¥, AE Michiyoshi ? and KOBAYASHI Yasuto ¥

Abstract

The purpose of this study was to investigate effects of the trunk lean
during gait on the use of mechanical energy in elderly people. Ten health
elderly people were asked to walk in the conditions of normal for the
subjects and in trunk-leaned position, that is lumbar flexion position with
a brace. The gait motion was captured with VICON MX T-series and
the ground reaction forces during support phase were collected with two
Kistler force platforms. With the increase in the trunk forward lean, the
positive work at the hip increased. However, the negative work at the
knee decreased in the range of O to 15 degrees trunk lean but increased
beyond 15 degrees. The result indicated that the effectiveness of me-
chanical energy use in gait for the elderly people decreased with the trunk
forward lean more than 15 degrees due to the increase in the mechanical
work done by the leg joints.

Keywords: Gait, Trunk position, Mechanical work, Mechanical energy,
Effectiveness
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EERAWTH AN DAL THRITT A E0D
5.
BITEECEI—EDEBY BB T 570010, FELT
TR > TRIESNL T AV F— 2 HRIHRITHE
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T B B RS AR TIMED M AN F RN OF R RIT T

b 2010). FoEEECBY L EEAEET TR, BE
OHFITE Y b R IEASE R L R ELENET
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Fig.1 The fixed lumbar brace used in the present study
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Normal

Forward (fow)

13
| :Ground reaction force vector

Fig. 2 The stick pictures of normal and trunk-leaned walking
Normal: Averaged motion in 10 subjects. Forward (low) and Forward (high) : Typical subject
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Fig.3 Definitions of the segment and joint angles
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3.1 HBROABE

EEEHESTIC OV TR BEORE 3 12ED
WTI0ZDOREEE %20 L, fiEAEOKZWVIELS b
fr54, (LT, Forward (high) Bf) & THr54 (LLT,
Forward (low) #) ¥ 4\F L 72. Forward (high)
BCR/DODKREERSAFEIZI8° T, Forward (low) #
TRAOFRELSAEILL Thol. RBEHEFTT
BEBEIAEOREEDIELDEI/NE P o DTH
AT iEE910% CNormal B & L7z,

Table 1\ ZEHHITE L CEBRAHESRITICB I 5168
DHEOFHEL L ERRELRT. KBRESHE
3 Forward (high), Forward (low), Normal DT
BEEMNKE {, E-THRAE I Forward (low) B &
U'Forward (high) #Normal & » k& @i L Tw7z.
Forward (low) & Forward (high) THEEZIZ ko7,

3.2 HTEE, XTvTR TATFABLVPTL—
*ERt

Table 2127 HE, AT v 7TE, 74 FVABLO
T X EROFSES L VERREERRY. AT v T
EBLUT L -3 EBIINBREOHEREL TR

BITHE, AT v TEBIUIV ATV AICEEER

Table 1 Trunk segment and upper-lower torso angles in
one walking cycle

Trunk segment  Upper-lower torso

angle (deg) angle {deg}
Normal n=10 -04=24 1720 £ 5.8
Forward (low) n=5 118=17 160.2 = 85
Forward (high) n=5 25576 1592 =104
N-F (low) N-F (low)
Difference p<0.05 N-F (high) N-F (high)

F (low) - F (high)
The values are Mean = SD
N : Normal, F (low) : Forward (low), F (high) : Forward (high)

BNz nolzhs, T L— I Forward (high) 78
Normal & ) HEEIZ/A I o7z,

% 3B Table 21213R L TWia WS, THEOHERE1L
DO Normal lZ BT 5 RTERE, ATy T7TE, 747>
A, TL—FHEEIIFNEFNLI6l m/s, 049 m/height,
1239 steps/min, 020 m/height T, TN 65 DEIF VT
N EED Mean £ 2SD DHEHANTH Y, KEHERED
BEIMOIZOEUWEEFE L RE LBV 2o/

3.3 HEMIxIX—FHOEEER (BE)

Fig4 \ICEAEHTB L CEBRFERTICB T 2 T¥H
TANF-FHOFERMEES (ED) 27T,

i+ (a) & Normal OForward (low) X Forward {high)

06 - ¢ m’o 3

$

X, LR
204 -

= X

0 T T 1
0.8 1 1.2 1.4 1.6 1.8

Walking speed (m/s})

* p<0.05

EL (W, / W,,)
°© o o
E=3 (o)) [o:]
} 1] i

o
N
i

T

Normal Forward(low) Forward(high)

Fig.4 (a),Relationship between walking speed and
effectiveness index of mechanical energy utilization;
(b), The mean value of effectiveness index of mechanical
energy utilization

Table 2 Basic descriptors of walking

Average walking

Average step length

Average cadence Average brake

speed (m/s) (m/height) (steps/min) distance (m/height)
Normal 1.30 £0.18 043 = 0.04 1087 + 84 017 £0.02
Forward (low) 1.12 £ 0.08 040 =002 1035 = 5.7 014 =001
Forward (high) 133018 041 =003 1157 £ 80 011 £ 002
Difference i
<005 N-F (high)

The values are Mean *= SD

N : Normal, F (low) : Forward (low), F (high) : Forward (high)
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BTHEE L OBR () CBLTIE, WINOR{TOEL
bHRITHE L OMICHBEBERIEALN P o7,

FHEE L OEERZE (b) KB LTk, Normal 2066
+ 006, Forward (low) %060 =011, Forward (high)
A%047 =008 T, Forward (high) X Normal & ) H &
ZANE Do 7.

3.4 THEESHONFNTE

Figh BB HAITE L EBREMERITICBIT 2 FHE
BU ) OTRBSHOESE, E4AELLTCELEED
FYEL L OEEREEZRT.

kA (a) 128 LT, Forward (high) & Forward
(low) X L THRESFICBVWTISETERICKE

0.2 A

16 1 (a) Absolute work
14 -
12 B Normal
-
5’ : * O Forward (low)
s B Forward (high)
208 A
£ 05 * p<0.05
2 L
< 04 - =

[ty

v
knee ankle

=
S

03 - .
(b} Positive work
0.7 4
06
0.5

04 -

Positive work (J/kg)
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0.2 +
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&
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1 i 3. kY 1 Ky 4
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L s s S .
'S
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N

08 1 (c} Negative work

0.9 -
Fig.5 Mechanical works of the leg joints in one walking
cycle

ol THZBEHAHIEEEZEIIALNLZ o720,
Forward (high) Tiifik h K& WERTH - 7.

IEAZE (b) 2B LTIk, Forward (high) O BEEFIZ
Normal iZx} L T 224%, Forward (low) Zxf L T171%
THEWKKRED o/, Forward (low) B & U'Forward
(high) DRI Normal & ) EEI/NE o7z,

B4EE (o) I L Tit, Forward (low) i Normal 2
L CERBECIRAEEICNSS, EHEIL7TECHEE
IZK &P o 7. Forward (high) @ BRI 1L Normal 2
#F LT144%, Forward (low) XL TL9ETHEEI
KE&doiz.

4. ER

KRR CIABATEMER FHMET A2 3B L L THEN T L
VE-FFAOAEMEIERE (ED) 2BV FTEETIE
EBITHEBERELHERFT LI EPRETHLDT,
RIFFE T HHEETR LOKFEES T AV F—DELE
(fEx3EE) 2 EIOSFE L, SR TRBES 2 L
TIEREE L L EIFBWIEETEIC L 2HENE
THENOBENREMF I CEDI b2 L 2RT.
B, FFICHEEEFLOKEEET AL F—-DEAL
B (HHtE) 2HWA0l, EEEREORTEMECS
FAREEE LA N —-DBROKEEEERT L0
TH5.

BREEHICB T2 ELIBEREICEGRT 5 I L2
LNTWBH (HEH S 2003), AR THW - FHEE
FLOKFEES T A NVF—-DOELE HEHE) 25
FIZBWAEITIE, WTNOKRITOEILHITEELD
M ICAHRBRARIE A S N o 72, SEEMICBIT AEIDK
XX R LERBBREICL > THEL &R, Forward
(high) TiZNormal & ) b HFEII/IE o7z (Fig 4).
KWEOWERE 10% (BHIR, ®HELR) OFHER
13697 £ 34T, H&DL (1995) M Tol@mEEDE
BRI EICBIT 2 HIBEESH65~695 (n=134)
DEHFEITEREILI L2 m/s THo72. ThEDZ LI,
REFFE DR DOHFATHRE IERHMHIETH Y, Normal
& Forward (low) IXFAREOTESHEONENMLET
#7275, Forward (high) TidL W KE L THEGHED
NFEMHBRILECTHo 22 & ERT.

THZEHOAEICB W TRE RIENAL RO
BB 4R L BEHAMAETH Y, Forward (high)
D BAER IE A1 Normal 12/ L C2.21%, Forward (low)
WX LTL7fE L A&E IR & {, Forward (high) OB
BT B % X Normal I2%F L T 144%, Forward (low)
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WXL CIOEEEEICRE oz,

FHEBIUCREHFAEMCEL FREEL L OHTHRE
ThRLEL GHBFAEOBEF{LERLLZIOTH
5. BBAEEAE (Fig6 a) &,
THHRBRIEBENREVIIEERTL2ERICH 5.
(Normal : r =0.78(p <0.05), Forward(low) : r = —0.26,
Forward (high) : r =093 (p<005)) #EEDHKITEHE
TRIUMPAORE D S FEIC BT, R RAEENS
M BFTNAA 27 LRBOBEORHEE B &2
58 EEPMANBESE S (Janice et al 1995). # L
THRBHEST T, ZHIIC BV CRBEEME VY
AL (Letenuer et al. 2009), O RIIFEESL X
ORI EH EBITIC L BIEEIC L o THE LB
MEiEb)ONTTE—2 Y POBRGFEHVEI Z h
5, BEAEIEE MV OBRIIEHO LRI ER L
TWwaEEZLNTVS (EARFS 2010).
HREMEAENIKEL 2L, KRORBFRDD

05 7 (a) The positive work at the hip
. FIEEN Sk BT R AT 1T B ot » N Fllow} Flhigh) e
Fig6 3 E A AT H L CERETESTIC B 2 KB Eoa L2078 re 96 retod X
» p<0.05 n.s. p<0.05 5 e
S 03 A P
¥ * 0 X
N S ]
WENDOHFTIZB W 5 02 A H X & Normal
Z% . * 0 O Forward (low}
2 0.1 .
) L 4 X Forward (high)
x
0 : : : )
-10 0 10 20 30 40
Trunk segment angle (deg}
-10 0 10 20 30 40
0
3 (b) The negative work at the knee
E .01 -
I ¢ mo
& ‘ . O
~
= 02 1 A" 4 O X %
H X
3 X
2-03 4 X
B N F(low} F{high)
L7223o T, g r=041 r=-0.63 r=-0.26
¢ -04 4 n.s. n.s. n.s.
&
0.5 A

CPRRAENHR v AER LIRS EAENIRE 2o
TebkEZOND.

BEHAMLE (Figb b) 12, BREHESAEHI0~10°
H2)TEHE VL 20A, 1I5°DETIIEARLT
vs %5 (Normal : r =041, Forward (low) : r = —063,
Forward (high) :r=-026). Fig2D A5 4 v 7 ¥ 7
Fy—%khbt, Forward (low) TIXZEHEHEMROK
& |INormal & K& B IZ 2 WA, REXIIRZ MV
WEREE#ME (A7 v 277 Fvy-22<H) IZB»
T Normal TIXEBES ORCHE BB L TR DD
L ¢, Forward (low) TIIBHES LZERL TW5,
% 7z Forward (high) CTIIIXFHHIREJRHL, BE
BWHEORKAINS P VIEEBEH OGRS zEEL TW
5. BTEETIIERRREARESKE VI EXREHRE
HOBMATKEL Y, THIFEBREBEAINFILZET
BRFEC L2 5EEETLORMAEMNEZHEET S
We#EZ 5N (Saha et al. 2008), F /- XEHIEREETA
JEBT AEER,IO REEBE T (AT v 27ES
Frx—D1hb23<H), BRHEEHMHEHELLHTEY
DA TROECDHL, REDICL 2BHEEEHE—
AV MIERTAREE SN TS (Neumann 2005).
Forward (low) TXVZMEAOEELS, S EEERBICE
WTRRNIC & 2 REETEME— A ¥ MAVNE 2B D
THRESBERGRICL ZBEHEEHEAEL NS RBD,
Forward (high) TiZ, ZHEHBEMEE O RE#HTRKX
N HBEEEME— AV MK EL 20T, BH
HHEGEORBSALEIREL ho b EZ LN,
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Trunk segment angle (deg)

Fig.6 Relationship between the trunk segment angle and
(a) the positive work at the hip and (b) the negative
work at the knee

DEoz s, HITEHEBV THRBRMEDH 15° Ll
FiT7 B L RBORSERE L THMOKR X 2 RHEIEIC
Lo THREHEAEB L UREHALAEN AL, EI
PEFTBHEEZOND. LizhoT, BRMEIEEE
At - THRRAESTE LTV AR EELL L, 1K
BREEAEN I LUTThL, BRESHERGEOH
%, 15° X h KREVWEHAEL, RESHERBGECNL B
B BB OB IR LS R TIRRE DMERR IR LD L &
ABND. KBIHRYMN— Tk FORTEEIES
FAWTHAREEZ 5° UTICT 58, BIZETTESE
Zibhb.

EEFIBITAEEHT (KBREEM) & ABRE
BAT (RSRIE10°) % HE L 7-8F%E (EAR S 2012)
T, FEBEHESTIZREE O EAFIEMIC R 5055
BIEi & REEICIdimA L, AAE TR LK
MOES & RBIEIIE L L e d o7z, ZLCTHR=ZBHAS
DMRHFIIBEE BT LENIR L, BTRENFFRSET
HNITEIDFEThHo7. TOLIEEHEIIBITS
BERESITOFHEEL, AFZED Forward (low)
ONEHFEEOELEUT WS DS, Forward (low) T
BRBSEAEIERALTVIESRRER > Tz, MH



EEEICBIT 5 EREECHTEMEONFER LA VT —FIHORFHECRITTEE

5 (1997) IEEEE L ERE CIIHTEECBIT 2T
EHONFHAEEORRENELY, SHETIIEEES
BEHBOBREIAREZ VI ERPHREL TS, Z0k)
12, RBRHEAEIEEELRASETHoTIEREDS
&1, RHESEAEOEMEIKREVWEZEZ LN,
COEIZOVWTIETRBEES MV vy g —o%4L
Ny = RETHUNEND ) SHOFETH 5.

KR TEEREERIC L 26BOELE L ERT S
fell, BEBS®RE ICIEEREERLES L ERE
BITEIT o720, BEEM CTHRBRESAEOIELD &
K& ol TOZEDERO—D2L L THEENK
BEBHEBEZEOHEEN TS Thho/zl LB EZ
SNBE, HEREOHEE, HED LU Body Mass Index
(BMI) i Forward (low) Ti21.62+04 m, 59.3 +4.3 kg,
223 £ 09, Forward (high) TiX165*05m, 628 =
111kg, 228 *+427T, FEZR A IAEK LD
BlihhobEZOND.

—7%, E-FIRAETiZNormal #1720 £58° lZxf L
T Forward (low) Ti£1602 *=85°, Forward (high)
TI%1592 = 104° TH Y, Forward (low) & Forward
(high) IZEBZEALNLR o7 Fig2ORXAT 4 v
y¥ s Fx—%AbL, Forward (low) Tk TIR%E#%
EsETLERAE L& L THITLTWBED, Forward
(high) TIXTHAEIMEL ERIZEHICKRESHMELT
VBRI ENDLRE, UEDOZ s, REBRTHWIE
HEME B2 BB ERE O IR & TIROARN L2 % R E
ELTWebD0, BHOBEEFHREREIZL>TERS
7o, FHISAE CIHBRERM TORXLDEKE
{rofzbZEZOND.

5. ¥¢®

AR TIEEEE B B RBLRE I RITEENRIT
TREIIOWT, THEBHODFENAERLIEN R
F—-FHOEMERE (ED 2ECEB LTRETLZ.
KETHONMAE2 T DL E, UTOLHIR 5.

O Forward (low) & Normal ® ELIZ[A%TdH - 7275,
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