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Evaluation of the Energy Expenditure during Walking in Adolescent Idiopathic
Scoliosis Patients
Kaviani Boroujeni M?, Karimi M.T?, Etemadifar M.R?

Abstract

Purpose: Scoliosis is one of the musculoskeletal disorders which influences the energy
expenditure of patients during walking. In previous studies, metabolic cost of walking
measured by oxymetry. Therefore, the aim of this study was to evaluate the energy
expenditure of walking of the adolescent idiopathic scoliosis patients by use of monitoring
the heart rate.

Methods: This was observational comparative cross sectional study. Ten scoliotic patients
and 10 normal subjects with comparable age, height and weight were recruited for this study.
Energy consumption of walking in scoliotic and in normal subjects was evaluated using polar
Electro Finland heart rate monitor. The heart rate during resting and walking and the walking
speed were the parameters used for energy consumption based on the physiological cost
index.

Results: The energy consumption of scoliotic subjects during walking based on PCI and
THBI was higher than that of normal subjects, however, the difference was not statistically
significant (p>0.05).

Conclusion: The results of this research showed that there was no significant difference
between the PCI and THB index of normal and scoliotic subjects. Moreover, the walking
speed of scoliotic patients did not influence by spinal deformation (p>0.05).

Keywords: Adolescent idiopathic scoliosis, Energy expenditure, Walking

AY/AB:lie w0l RAVATARTVFPR IR

85 oy (b (B rae 5551 olime bl 2 Selgr ! jeud 98l 4 Mo 3l loay (38 oy Sl (o) 2
"% olanel Lo joemms T pay S (B darme ! (Sizgp SglS Lugo
by oly b e (Bras 6550 Gl g S el SDlac - SIS g slag el gl SO e oSul i
IR omir S5 Bras Al ol Olgie 4 (58, oy (b ol (Brae (5enST ety Slalllae jo ol 1SS
S L aaglie 5 5555l o lans cbyae 651 olie s S osul yol axlliae jl G 13 OXYMELY) ol azb 5
gl by (bl b plle

Slalie — ahie Sygo a4 9ol g ode (ODSErvational) lesslis gg5 5l anllas cpl owyy 99y
&8y szl ol b Sl 5edeSnl jlo Jlews Vo 039, onl 4o 28,5 sl (COMparative cross sectional)

L oaisS yhgadee sl yuiiio Llod 5l as” ol )88 e il> Bl ool 08l (Il 5 3 Y - 5 (Ta) i polez oy 1y 00l
el ol 3l g lhlew (Bran (6550 Hlade i jolate 408 T 18 Sb5 10 50 Wogr 0ol eols Badal jley 09,
3,5 solal (Heart rate monitoring) < b, J S i 5l o5, ol

ol g el g Wl ol 3l a4y Cand 385 oy 0 (65968l ilews (B e (655l e w00y dxlllas oyl jo Al
B Lg)LJ Ll oo ;S8 polie o Sgles iz o wlazils |y o 5Y0 B Lo 38, ol le) ggemme yo o)l lews

(P>l D) dgu 4z g5

35Sl Oloss (Brae 551 lime p iz 6 DI (g (il Szl ols s dalllae (ol gl 26 S a

AR




http://Www.mums.ac.ir : sgie Sy psle olKisls ool

----- Ohles (Brae @35l Gliae (o) 2~ 5292 (SLglS Lnes

P10 0) 05 o5 )3 lyad gt (il bzl 56 cox ol Bl (38, oy ey aSST e L3l

by oly o655l B pan «Sobgas! e oSl s guudsS Slads

mahsakaviani@ymail.com . >4, SbglS Luge tJ ghummo oucums g5

555 S35 09, sty 0aSails ( Sbgpsle olSLils gkl i)

Ol letel ledal (Sippsle olfails ( Dlae - Sl Slidos 35 50 g n 9 5wl oulid )5 ganiils -
Olnl cledel (ledal (Sbjy pole olSails o Mae - Sl Sligdiod S 50 59 n 9 5,1 Ledsle -

Olnl eoledel ledual (S pole olSils ( Sy oaSitils (a5 )l 0,5 JLabil ¥

adllas 0 &5 gk a4 oS e IE LU
Olje ad oals Hlas (YY) il e 3 Mahaudens
b B3I L aslie 5o (558l ol Lo (Bras 555
oo Gl 28 oy (b

olye 4 o) oly (b (Bras 55 Gl G
5 60 5kee Gla by (o) Sz 3 lliul (g, S
S0 Dlalllas 516k jo oLl 38 o) kS
e 4 Geizmes (VYY) Sl i8S 13 a4z
Oleyd 5o edlaial 9550 sl )| e clo 5 (A)b
oy Slglie kS 4y ol m3Y e ol 00
Dype & Bras 5P oged axg o3l 8,
oy oo (5 n 530S e 5 5e5 e L it
SrSeilsl B L ol by 5y o)
b ol 6t POIY) JSaslarsd &5 ol oo
Slr el Ghsy o plye 4 MacGregor L
(V1) s e (280, e e 55051 5 S
e 5551 i 3 s 50 Ol Gt 5
Eozme 2>l (pizmen (YY) o)ls 0925 (Jas alal,
sy ssbie & (THBIY)  oldl b8 Lo oslaws
9550 )8 4 o) oy oles U 53 (Bras 6551 Ol
Lilyd o]y Grae il oin OBl a2la G
b o cdi Gl yop Colash e g CBles
(YY) v2d o

(OXYMELY) ol 3l 3 pae oy g Slalllas o
Sy Brae Al Gl Glpe 4 8, o, b
dujse S 4 aST w8 )
e 355 05enST 6 pslaer Caz a8, 5 4 a3
Fyoro Ll pd b anslie )0 (Brae 6551 e et @
SrSolul yols aslllas 5l Bun 4 .08 5 oo (33, ol

! Physiological cost index
2 Total heart beat index

doddlo
b g DlHES (g (gomy dw (5 lmal S e eSul
az o Ve gl i b Bl L as (V-F) el s
ol Sldlas (F-V) ol oo oype i, o
€8 5l sl s plilen wo)s PO A4S was e
A) s 250 ollen do 0 Ar g 00g Sl
FUY G Sbpal jdsSsl gon oSl 0525 L (7
oald bl o9 4 liren C)]a‘L;JB I IRV
o aE s Cadled o L8 sae (VYN-) Cl
WS Jlowll )y cdlae 48 bSh ans (535 yo
o Gl Yo plsre a8l 5 Sse e (S
AOYY) wilowds o (5,lunl

e sl 0yejgy Colld o e 4 (38 ol
e slogi 5 Jolie Sanlon 25> & bapld
bl 50 Gl OA) cl il o (35 Jl sln
S35l Srae (plply g OMas (SSUG JS 4
JBlas olgzds cepn b Jlo g (533, ol ) SOy 00,5 oo
o) (b OVA-TV) was oo &) 58 ol (b 655l B ran
Sy Spgo a N g Sl slaplil s & (23,
N B S e 58 ol) pad ja 0 asly wiS e 05 >
oals ool lid Gldlas ;o (YY) 00,5 oo Lasl> 58
US98 axmio ;5 cup Jade 5 S S > o5 Sl
O JB S e plral Gl 050 Jele G 5 Lol
TY) Cl 538, oly (b 6551 5 O3S dne Spane
Sliwe 5o P 4y i a5 ol 0 43S o I (VF
S35 Ol p 005 JB S 5e 050 Sllug
4z b (YF YO) can OS50 28, o, b bpae
Golie Slmal GedsSl Jlre e o oS
axho ;0 cep g (X @l (S5 anls o als
SdeS ey o0 4 W AYF) s e ) U592


mailto:mahsakaviani@ymail.com

http://jpsr.mums.ac.ir : al=e colu

OTAF 500) ¥ojlad -F 090 ~apie (a5l 9 (Sdilim pole alme

(Y doleo) (Y1)ass )5 awle

obre
PCI| —
5
ool (bl plye — colpd (b b obyre(ass/ oly2)

o0l v“r‘(wﬁ/)—lﬂ)

JS o o8 Gl byo anlie jshaie a4 (pizren
bl s olass ggazme) THBI (asls 5l o8, ol )l
soliiul (oo b cdlue 4 Cund 33, of, b B
5 0auS S Lh ol 8l Bras 65l Gl (YY) ,S
B plye ansS JpuS e Sl eslitul b )b
oS s el (Heart rate monitoring system)
Polar s ool 8,515 obj) 8,50 DS Yo
2 a5 el oatiw b S el 5 8,ls 6l v Electro
o g oS el oald ad (99281 wi a8 (59,
iloals ools )13 paats e elo S (9,0 0aisS
Sy s awg a5 cul 59,550 g0 slls ok S
b ) g e sandB o> g ool oniliy (egase
() JSo) 848 o s (Nipple line) a.

»

« polar heart rate monitoring .. \sz,

S8 5 ol 3 Gl 0lyo 69l ez Car eas 85 S
dnlllas yo oosS

5 ol slosls ¢ abslineg xSUI zlgal 5l oslizal b

ool g ol eols Jlail oee ceels 4y B Lo S
o el o ad S 18 cons 1S laugi Wools i
Polar 5085 (psleez 4l 0 Sy (saidy L
5l ool (6 yslaen sloesls Jlisl 1, interface plus

Szl Sz ad ad S 5 @ 5elS 4 e cel

@ 00l s (550 YV F o 5l (65,51 B pan (yge)]

4l

boawslio ;o hsdsSul (hlew (Srae 550 ol
gl lpe (2L L plle 12

IR P9
losalie g4 5l anlllas planillas ;o 0aiiSeS 15 ol 3l
(comparative Cross  gluwslic ahic &0 4 g
S Jlews Ve ofg, ol ,0 28,5 pll Sectional)
L@l YW B e 90 g 30 A) Sbgnasl jedeSCul
7) (T iy p)laz oste 55y ond &l sl Ll
SS s Sy 4l gl Gl e
5 Al5 g5 bl slls jlew o (Thoracolumbar)
Ve g (wsg (Thoracic) iy sbissl l)ls jles g0
Ll 5l a5 @liid gt il Gloul a8l Wl o8
o ools gaekai low 09,5 L oatsS jigase (sl uite
ol 3l slaws () Jga) a8 S 13 bl 0 50 Wiog
O=+/+0 POWEI=+/+A Lululyy aslllas 3 oaisSeS i
slizsl adab s Minitab lsle 5 5l sl b
FY LY o CODD agl; ulil olos (559095
Dl g (>l able b Glhlew og esie az o
S o Fosmold ( Hlae-gras SIS 00,05
Sl 5l i g wad g 5 asdllae 5 (SThel oIS

aebculs, 035, oyl 4o 0SS 1 ol 8l dan 5l 05l

ol cdl e (Sl
RIRGE ol
oo Gl £ 0, Sole) Gl Gl £ Sole) JUET
VYV/ASEY/OY \YIYYEY/.f (Jlm)u.m
FYIFALAL-Y FEYYEVE/YY (055555559
VOANPEAIVY VPV /PPN EAY (H‘:u'.w)..\s

Srae 551 Hl0he (pad jelate 4 iz b sl ol

Bl S e Gl ol el
obye s 5 oolansl (Heart rate monitoring)
‘Q—UZ) 01) w9 u.»_%) o|) 9 u}‘/,.u..)‘ ,ali;.m v‘b
Gipl Bpas o pSoslail o ad, IS 4 sl all
2 G5 Bas il o addllae jo caiS S Wl ol
) cdolae 5l oslaul b (So5e0 508 7 5 (sl Ll



http://Www.mums.ac.ir : sgie Sy psle olKisls ool

----- Ohles (Brae 655l Glie oy =290 Lo Lage

W 6)9Té“.> ool g as8) of, ;553w

(is) Sl il Comdg j0 4380 O Daw 4 asei(o
W 6)5Téa.>- aools 9 w)f)b.@

« Polar interface PluS Lug Wosls § oo
SEras §5 5 o sl 4.0l ools Jlal pgaelS
(steady ol 3l cds o Gos clpSs cunsy o
b Jgl saids 5l o8 plye polie Sl State)
B Glre s RSeilul sl VAV saids Sl g eyl
Gadedo 5l B (byo (xSl 5 Col il om0
@l i Soz 58 o) plie 4 e U p)kx
o) Sy eizmen 285 I8 (o p 990 B Ly
Puj@doo)éo&gawwwb‘ﬁﬁ)
adllas jo couSeS Wb ol 3l A8 ls slawd gaexe
b e S 4 s B Lo laosls bl
(Y dolee) (YY) 5 awlore 4dbs 00 )0 oo

Sy oyl o o bl st gsarno
THBI(—) =

L Shapiro-Wilk cos buwg oy Jby ose
Sl Jds 4 s S wyp 100 Gleebl oyl
Jelos sl syl cos adls Jlo i @je o it
O Dl gy shite 4 a0 w8 S a4 ol
Erome AL 5 558, ol s o 8 ae (55 (Sl
Sl pdlo 0181 g (Lo 09,5 5o B (L0 Slass

.0y8,8 ooliwl Two sample T test Ll

bassly

g e Sdpnd 5 patlh polie lawgis
ol Vgaz 5o 58 ol (b cdB Ly slass ggamne
Ol ol oals ools lis a5 jahailen .l ouls ools
@ S 5385 o]y 55 G558l hle (Brae 55
0y olej g3 53 ollort (] 5 ol i ol o1
Josz oeloly wsladls 1) 390 B plye (3,
Lol foS @Il S35 lilen (58 ol ey 55500
FB bl Ll 5l oals S5 polie jo Sl Wiz o
P>+ B) s az g5

Y

Slp BUSE (00,5 soliul olKiolel slad o 8 IS
Lz col calie (28, ol pla (Srae 6550 L)
S Sy 93 358 o0 Sl e (n Jo (58, 0l &
oS e Al ol g wsl ansls oz, o, b

(Y J8) (YH)as 5

O °‘) S °®.L‘°}T JERRW ;v-‘a-u 8 JUSWOR B LW
adllas ;o 0aisS &8 % ol

Lo atwlgs ol,8l 51 655l OB pan uj.a)] szl sl
ol szl b s 9wl oisles! & Soere wld
Ol 5l dsene ssb & sl o5 (S245) ol 1S S
alulgs Ll 5l aimmen S ool (a8 o eolaul
L1 eyl ! 5l U8 el g0 b Plo> o
Ol ro oS J 58 s Sloog pSI1 5555 (Sundsl
Mf@bw@b%sowu%‘oﬁu—‘b;«b
o b oy uSIl wled ol yiSTas b ago 8 pudass
S35 33 jeb a4 (e Sl 5 098 Jol> e
OO PR T P s VI COWER JU- PP AR
L osls g wo)S plas asds o 0 4,0 T O js0
A el S a ey ol ad adl b gl salsld
Aol a5 ol lame Cughy g9 Lo ‘u?“’)" szl Job
1) el 5l b il (el S sk a0l
Al oawdigy 0,8 Jawgy B b s eile (all

Slewl 4830 ¥ Sae 4y ozl (z

W)Qo‘yddu,cﬂbwo\.u“m (Q



http://jpsr.mums.ac.ir : al=e colu

OTAF 500) ¥ojlad -F 090 ~apie (a5l 9 (Sdilim pole alme

aslllan 590 31,31 )5 (138 ol Ceepr 9 (5551 B pan Sl piie (o She Al Y oo

(a83] yo) (3 oy s yuw (el 34 2) THBI® (30l 5y w2) PCI? ]
axdlao 590 ol 43I

Olore Bl (2 ike) Glome Sl il Sile) Glomo Sl (5 Sile)
YY/OYOENYIAY - VIAYSE- Y- S¥YENYY oIl
FYIFFYEY VAN YAYVE-/YAQ SYMEN P &lylows
-[- AP -IYa¥ < JA¥Y pc

Total ) s o)l ,o slass ggeme (asLeh (Physiological cost index) Sus5sls 5 & 5 aslad
(P-value) s,lslize mlasC  « (heart beat index

S5P 9 OieeSt Gras GlBl s (FALYY) G J&8

23,5 o (YY)
oy iy 30,5 o bzl ¥ Jgiz 5l a5 jglilen
FoS ol L3l L avnlie jo (ghsdeSul (hlew (28,
Sl s Sl ol ggezme Lilidl b g o
09,5 ;o o5 e & JSielnd 25 Ao Ol
o b dssn 4y el € I ey
Dad b Ghle)s S seb 4 (Brae 5l Ol
@ 4 ol Siedssel sl LS sl

) (65380

&l Sl

Ohlet (pga> 4 g OhSee wslul s 5l alewginoy
K050 (5 )Sen Siingiy b 45 oS 5 00uS S,
ool dlie es j0 008 e Jloyad g S
Sl Lo @ils a5 gt acbipbl
(YAYFN U, b 0S) cal oass )5 7l el

&l
.Roubal PJ, Freeman DC, Placzek JD. Costs and

effectiveness of scoliosis screening. Physiotherapy
1999; 85(5): 259-68.

. Stokes IA. Analysis of symmetry of vertebral body
loading consequent to lateral spinal curvature.
Spine 1997; 22(21): 2495-503.

.Syczewska M, Graff K, Kalinowska M, Szczerbik
E, Domaniecki J. Does the gait pathology in
scoliotic patients depend on the severity of spine
deformity? Preliminary results. Acta Bioeng
Biomech 2010; 12(1): 25-8.

FY

G Ao g Sy
ity adlhe 5l Bus wb g o shilan
biosl ©ud L) GhedgSl Olilen (Bras 6551 Oliee
JEe59de 8 €55 pasls sl eslinal b (a2 )0 YV 5l zeS
s PCI wilises clidllas gbs ulul,y 5ss (PCI)
Srae $pSoilul lp Glaebl JB 5 yee el
Sl e Wilg o g el dpile LB 2Ty 4 g conl (55,
(Y0) 39 15 a4 (S5 hlug 9 551 2L Jelos

bog ad)S Gype sadlllhs gams elely
PCI )b oleebsl e bils [Fashakin gJaiyesimi

(XF) ol Joud 3
e ol asllas 1o ¥ Jgom 5l abols b ulul,
plbo L3l iy $hedsSal Ol (Bras 655
a2y JB gl Bld 5l ol (pl wiz e el
allas 5l Jols ml b gessl mls ol e
ol ol e (YY) cwl il 5ea 3 Mahaudens
Ohles 53 SisadsSl slizil o5 a5l (226 Ve
Wilg a8 ol 039 (ga 0 Lisdl wals J)le 4 ]
S ol G B 555 Cusse )3 (gwgeie oS
5 Sl anyeS (S Ol > oS Cudgase (izees
wgl cde (lpie 4 Wlgs oo lilew 095 50 o Jake
Jol> @bt bl 5 a5 12 092 a3 )5 )l )3 el
o) o8 (Silotm Dlpsl (g 0 &5 (Slalllas |
IRCICE ISUCH -+ SRNCOPI PO [ B PRSI S T
aials 3l 2alS b ol ol 50 45 sl 00l sl
ORL Rals g (oye g Jlig b Dlmio 0 (S (S >
JBg B i ;o il anpeS g co (IS > Al
o8l e 1 g (VF) Wl oo pts (28 oy (55!
S o3l JUl cyr (Alae cold 5 (SS



10.

11.

12.

13.

14.

http://Www.mums.ac.ir : sgie Sy psle olKisls ool

----- Ohles (Brae 655l Glie oy =290 Lo Lage

Rogala EJ, Drummond DS, Gurr J. Scoliosis :
incidence and natural history. A prospective
epidemiological study. The Journal of Bone & Joint
Surgery 1978;60(2):173-6.

Stokes 1A, Gardner-Morse M. Analysis of the
interaction between vertebral lateral deviation and
axial rotation in scoliosis. Journal of biomechanics
1991; 24(8): 753-9.

Weiss H, Goodall D. The treatment of adolescent
idiopathic scoliosis (AIS) according to present
evidence. A systematic review. European journal of
physical and rehabilitation medicine 2008; 44(2):
177-93.

Bruyneel A-V, Chavet P, Bollini G, Allard P,
Berton E, Mesure S. Dynamical asymmetries in
idiopathic scoliosis during forward and lateral
initiation step. European Spine Journal 2009;
18(2):188-95.

Risser JC, Ferguson AB. Scoliosis: its prognosis. J
Bone Joint Surg 1936; 18(667-670): 1936.

Kramers-de Quervain IA, Miller R, Stacoff A,
Grob D, Stussi E. Gait analysis in patients with
idiopathic scoliosis. European Spine Journal 2004;
13(5): 449-56.

Bruyneel A-V, Chavet P, Bollini G, Allard P,
Mesure S. The influence of adolescent idiopathic
scoliosis on the dynamic adaptive behaviour.
Neuroscience letters 2008; 447(2): 158-63.

Prince F, Charbonneau M, Lemire G, Rivard C-H.
Comparison of locomotor pattern between
idiopathic scoliosis patients and control subjects.
Scoliosis 2010; 5(Suppl 1): O34.

Gelalis I, Ristanis S, Nikolopoulos A, Politis A,
Rigas C, Xenakis T. Loading rate patterns in
scoliotic children during gait: the impact of the
schoolbag carriage and the importance of its
position. European Spine Journal 2012; 21(10):
1936-41.

Nachemson AL, Sahlstrand T. Etiologic factors in
adolescent idiopathic scoliosis. Spine 1977; 2(3):
176-84.

Mahaudens P, Banse X, Mousny M, Detrembleur
C. Gait in adolescent idiopathic scoliosis:

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

4

kinematics and electromyographic  analysis.
European Spine Journal 2009; 18(4): 512-21.

Reuber M, Schultz A, McNEILL T, SPENCER D.
Trunk muscle myoelectric activities in idiopathic
scoliosis. Spine 1983; 8(5): 447-56.

Burwell R, Cole A, Cook T, Grivas T, Kiel A,
Moulton A, et al. Pathogenesis of idiopathic
scoliosis.  The  Nottingham  concept. Acta
Orthopaedica Belgica 1991; 58: 33-58.

Goldberg CJ, Dowling FE, Fogarty EE, Moore DP.
Adolescent idiopathic scoliosis and cerebral
asymmetry: an examination of a nonspinal
perceptual system. Spine 1995; 20(15): 1685-91.

Willems P, Cavagna G, Heglund N. External,
internal and total work in human locomotion. The
Journal of experimental biology 1995; 198(2): 379-
93.

Biewener AA, Farley CT, Roberts TJ, Temaner M.
Muscle mechanical advantage of human walking
and running: implications for energy cost. Journal
of Applied Physiology 2004; 97(6): 2266-74.

McNeill Alexander R. Energetics and optimization
of human walking and running: the 2000 Raymond
Pearl memorial lecture. American Journal of
Human Biology 2002; 14(5): 641-8.

Waters RL, Mulroy S. The energy expenditure of
normal and pathologic gait. Gait & posture 1999;
9(3): 207-31.

Mahaudens P, Detrembleur C, Mousny M, Banse
X. Gait in adolescent idiopathic scoliosis: energy
cost analysis. European Spine Journal 2009; 18(8):
1160-8.

Y Croce UD, Riley PO, Lelas JL, Kerrigan
DC. A refined view of the determinants of gait.
Gait & posture 2001; 14(2): 79-84.

Kerrigan DC, Thirunarayan MA, Sheffler LR,
Ribaudo TA ,Corcoran PJ. A Tool to Assess
Biomechanical Gait Efficiency: A Preliminary
Clinical Studyl. American journal of physical
medicine & rehabilitation 1996; 75(1): 3-8.

Detrembleur C, Vanmarsenille J-M, Cuyper FD,



26.

217.

28.

29.

30.

31.

32.

33.

34.

http://jpsr.mums.ac.ir : al=e colu

OTAF 500) ¥ojlad -F 090 ~apie (a5l 9 (Sdilim pole alme

Dierick F. Relationship between energy cost, gait
speed, vertical displacement of centre of body mass
and efficiency of pendulum-like mechanism in
unilateral amputee gait. Gait & posture 2005; 21(3):
333-40.

Lejeune TM, Willems PA, Heglund NC. Mechanics
and energetics of human locomotion on sand. The
Journal of Experimental Biology 1998; 201(13):
2071-80.

Nene A, Jennings S. Physiological cost index of
paraplegic locomotion using the ORLAU
ParaWalker. Spinal Cord 1992; 30(4): 246-52.

Nene A. Physiological cost index of walking in
able-bodied adolescents and adults. Clinical
Rehabilitation 1993; 7(4): 319-26.

Sykes L, Campbell I, Powell E, Ross E, Edwards J.
Energy expenditure of walking for adult patients
with spinal cord lesions using the reciprocating gait
orthosis and functional electrical stimulation.
Spinal Cord 1996; 34(11): 659-65.

Bowen TR, Lennon N, Castagno P, Miller F,
Richards J. Variability of energy-consumption
measures in children with cerebral palsy. Journal of
Pediatric Orthopaedics 1998; 18(6): 738-42.

MacGregor J. The objective measurement of
physical performance with long term ambulatory
physiological surveillance equipment (LAPSE).
ISAM 1979: 29-39.

Grassi B, Pogliaghi S, Rampichini S, Quaresima V,
Ferrari M, Marconi C, et al. Muscle oxygenation
and pulmonary gas exchange Kkinetics during
cycling exercise on-transitions in humans. Journal
of Applied Physiology 2003; 95(1): 149-58.

Hood VL, Granat MH, Maxwell DJ, Hasler JP. A
new method of using heart rate to represent energy
expenditure: the Total Heart Beat Index. Archives
of physical medicine and rehabilitation 2002; 83(9):
1266-73.

Plasschaert F, Jones K, Forward M. The effect of
simulating weight gain on the energy cost of
walking in unimpaired children and children with
cerebral palsy. Archives of physical medicine and
rehabilitation 2008; 89(12): 2302-8.

35.

36.

37.

38.

20

Bailey MJ, Ratcliffe CM. Reliability of
physiological cost index measurements in walking
normal subjects using steady-state, non-steady-state

and  post-exercise  heart rate  recording.
Physiotherapy 1995; 81(10): 618-23.
Jaiyesimi A, Fashakin O. Reliability of

physiological cost index measurements. African
journal of medicine and medical sciences 2007;
36(3): 229-34.

Mahaudens P, Banse X, Mousny M, Raison M,
Detrembleur C. Very short-term effect of brace
wearing on gait in adolescent idiopathic scoliosis
girls. European Spine Journal 2013; 22(11): 2399-
406.

Mahaudens P, Banse X, Detrembleur C. Effects of
short-term brace wearing on the pendulum-like
mechanism of walking in healthy subjects. Gait &
posture 2008; 28(4): 703-7.



