[ Downloaded from tumj.tums.ac.ir on 2026-06-17 ]

o) o PTG P olatndon o oylacs VA 6,00 )6+ 5 5l (S posle o(Sitil (fSib sy 0uSutily tlao Il ”\/”

Ul al81 4 Yo (g U5 53 )i 38 po (g (S peiie (550511 SSUg0jl (39,3 2L
‘_e“l-o,iw axllle 00l ! Curidg 43 Wllw (g U5 9 i

Ve ST Ve TR a0 AN s IFRAATAY il 54&

il sl sy LS LS 58 Olas (6 Seslil b 0T 53 o el gy B85 s fde 5 4iaj
53 A Bl L esbisl S 3 L2 S e Ol s (803l (5 A SO s ol addllas a5 e
Al e iy bl SRl S 5 e Ol slagils

L e 3 Jla YVARWY L ol St Ve 5 L TY70£Y/10 bt (ol il 8l 4 Sie S8+ ey S0
dio (535 03k Sl 3 1) GB35 Slaplll e 03 VU S axl g 3131 51 anlllas 3,05 VYAV ag,
a5 b s il A3 SLa e 3 LIS 5 8 Ol ot 5 55 el Slmel il ins plol 0
b3l 5 555 SO Al U SKognsl G da 5 Lagg oS3l i sl (g bl Jolows (sl 5Lid 580 Ol
Sl ol L L 13100l (5 gl S5 s plnil gy g (S ke o820l o2l 5 Sty Sl 5
55 acales (MDC) (g, Se310l LB uis Blus 5 (SEM) (g ,:So3lail Jlas gllast (ICC) (Sias o 5
VO 3l 05,8 53 3 samme 33 55 JLES S e 55 el 5 Ce  Jle bl il (S5l (gl ST leasil
2 VA 5 Y e e s (e 05 8 0 LS S e Ol e (6803100 (6 )l ST oy

LU sl puite Ol st 5Lid S 0 oty 5 3.5 ol Slmacdl muil (gla puite 51 015 oo o] Slalllan 3 2 g peSammny
g Sl Aoy o oS el 2k losl Rl Sl Do 5 L Ol 065 s L) Joles L) 6
sty DS M s b3 s sl A e s 6l Of 3l eslizad o8 ez e 0L JLEE S e ol

3,8 Sygo blaml b 2ol

O35k O ga30 Sl S sy dala (mdy bl (258l sutells” olals”

Lo g5 o oslizal Sla 5 rul 5 baedilSa 51 1 sdde Sl
ez e ol 3 0l Kaass slatl s NINEIPIN
Maolislasl o IS5 sy 51 Jol il alie (sl
SLSUSS 5 LSS5 5l cd p3Y Cilirs glacmer 5 Ll 5
on w Plllae sl pendy apd eslid IS A5

S Joo JLEE S by gla i polie A SO

! gonl® (S o ‘\:).é‘;iu‘a i
L‘”J:Lg‘\LSJ:‘-'% d»:)l:'-}f.}
T skt e TOLEL sl 81

oot pale oAl ¢ T 8 005 =)
O oty g Sy sl o2
Ol

i S0 ity sl 05,81

AL (il ol oS (S8
Ol Dl o i hoged S ke
g oSl ( Sy g 015 =T
Ol s € goaS el inincr ol ¢ S

S dss eisles Lkt O1,g 1 st °-*3‘~1)5*

(e et Sy ke oSl (e Dol

i 05,5 (S psle eaSAls
YWY ;s

E-mail: mehri_ghasemi@sbmu.ac.ir

PPNV

oL d:bﬁj ol 6[:..~b Las & st‘e-ljl O LsLi.u\J C)LJ
(Posturography) 31,5 5 e sy ool @055, Slaclas o )
ciliee Ll s 5 Ol by OU e Gl el )

S e S35 p oS S e sl o b 5l eSS aiL

FEE U 1Fe F o)los VT a9 I Frv i 5had (K pale olSils o Ky outCiils aloeo


https://tumj.tums.ac.ir/article-1-11266-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-17 ]

) s 55 5 iy il 351 0 Mine G55 s et S0 Sl 3 sl it SSisa3T 5o ol

bl ill 4 Saw sl 31 g Hlid S e gl e (Sl
el s Olag el e oolis Ll s s S R

wron U:‘JJ

(losl i g 3 e 05a3T 5L a3l g 51 aalllae )
Milo3T 53 YA e U e 51 Ssa30 055 obl s g
Lgd Sin psle oJKEl idls gl Sl SOl
A iy iy bl Gl e e 313 S bl iy
Gk ses L5 e anrl e oKl 4 gl et Sin
Gy SRS el a2 el ize aedbl Gy b Sl Wl
S5 Slolme w a5 Loy et 5 s esle Balal 8 s,
s ol aadlas 4

VA o 35 5o mila sl 3 Jold anlllas w5555 slasline
Sl (Spbe (3P Golew able il JL T G
dile ( Ghae - S Gl GVt ateew SV
el Oloys V] Sl slapll 5 Dl O 53
S Ssl ol b 2l olse s e (lid s ol
Sl csle YE L flus S J&u.‘:bi bl (udls
Loy oo Sllad b piaedls aslp Sdlos pde (oS ol
oeils 5 (amia s azds V00 I i) OMae Dy L doles
B YoOUYY Shesys yatls

03 ulgs L3 g ;S o3Il plomil 5 3555 Slasbas o 3l e
055 5 iy slosl SRl 4 Mae 0 5 53 51 e 6l il
MLl B azeS 53 addllas Aub 1 e LAS Sl ol
IR.SBMU.RETECH.REC.1397- &S)  xig g Jiwf r}l.o
Sl S5 abeuls, oS 5 SRl ol s 5 (452
AL Eo Rt 5

a) pdoslbsl iShs 5l 2k slowl asl s .Seslll gl
oo Kuelox Zhuhai o8 & L &.;J)L o 51 em Jsb
Oan 5 Khalkhali asdlas 55 55, ol sleel Ol A5 eslizd
st a s el 3l Mg edd Oy (ICC=2/A0) s

A Sl eails 5 e o3l 4 el O HLS e 8 0 oK

Tehran Univ Med J (TUMJ) 2021 July; 79(4):260-6

http://tumj.tums.ac.ir

Conds 53 0 5 LS 50 Ol sl il sl
Lo s S mhaw o5 5wty 5 5L el bl 5 ool
ST el il gla ) S5

ol iS5 L sl @l OKea s Robbins
3 paie 2ot Sl dlesl Ll s 1) 5Lad S e (sla it
Cdts ol aSWsged auglie &S > O o3bisl Cuxss b
il (S bl Bl o Tl 8 s Le it gl ekel
Slaellil 035 VL wile s Slleg (sl Sllas 058
JE S pbmlr Gl Sl L sl dolas Wl e Gl 5 SB35
Glaallas 0556 M5y Jolie ple Sl glags s
el Ll il 5o 5Las 58 e (sl pane alde (6 dp)l ST o5l )0
sl oSS

gl S s edle b olie A1 SS
L 0L 5 Qui fowd wls 35 33 len 5 Slasiis
Jelge Olpeay 0ol aile 5 0ol 51 5 (o sla el
Olas bl 5 baxls ool o BLII 5 a5 ol IS 30
Vs g0l gt Ly L S e

5 Salavati ACL el Slxs 513l 3 0,Kes 5 Hadian
3,0 S 5 ACL (ol (33,08 & Sl 3131 s 0,1

OIJK..;)')} ACL LgJL“")b L.?'J‘> BE be/\,wh 9 Niknam K] [i ca

AAl

Otadi (tasgy " dkesls LS S5 slaine bl (n &
(Myofascial pain) Jliusse 555 4 S 33 5, OKea
53 laadr 050 g5 Sl DS S e Oles 6 p ST (B0 8
OLes 5 Terra "t.ds s Jialosl osliasl b SO 5 L 5 Lol 2
Lol pd 53 05eiSOL Dl ol B s 1) HLaE S e gl e LG
B Qj,eﬂ 3,5 Tandem Romberg 5 Romberg <..J rl;u'\
0 Lsls

st bl Rl S e 4 anllas dr
(Posture)  sewy JxS 5 Jols o (Dlasss 558 00s)
S0 bzl slie iS5 0eSt Ll MY ey
o o sl las

Lalaadse 53 Oy sbwly J 28 o) anllas Coanl @y ar s
(P b nl o3 e s peS rmen 5 e lagglen 5

Sl Sl 03 GRMNS msp Sda b ol adllas


https://tumj.tums.ac.ir/article-1-11266-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-17 ]

OllSas 5 g i plie LadL Yy

h 3 S 4iEs S e S oo b I G
AR @K;lm}m@j@cﬁg,\,ﬂﬂ?g:uﬁwy‘
arys A0 U ey ST L pllil gs e (S 5s sda
b adsl Sl sl 4 e 5 il 4 G e 55 W
S L Sl L 35 Ol 55 e OLL 4 o 5 A S
5 S s Ll S el Gay Koakol L T
b b ad bl sl b plnil S5 5a5T Olas Jaur 5 Lags S 310)
3o ok Sta Bl L sy ST 1A QS s
A3 1SS S s
Nexus 2.8, )\j;.é\rjs Ol sy amio glaesly 3Ly Cge
Butterworthe :lé 5l 5,5 amew lacsls s (¢l 5 Vicon, UK
S 5 A eslisad a Ve Wb S0 LIS ol s e
s b (Salos S Joos Lo oS 5 5 V00 (515t sas
lhe Yoo a by laosls 3L ois e Ve 4 6
5Pl SBs el S g, Sl ey 36 e Ve B
(MATLAB version 2017, Mathworks, | )-_'e\r 3 eslaal L
5 O bl il i 3se gla e it 3JUT USA)
— o Gl 3 L S e ple br 55 el Slaeidl )
b S gl Olasi o (ol Jls) (B0 5 il

Yo,¥E Y

A5 S b \ Jader 53 03 Ol slad ge b L oS Liny

Sl s 4 U ookl o Sl b 5s adds an il albls
ANACT oppn (Sob okl 55 1 S Lo o bl ey 355
CLE Ope Ko 4 Gy Gay SR L5 S
Gl iS5k g5, TI2 o e S pd 0ll3 e 5 dal o
Siedee IS (g5, ok esly K5 iShst day a3 S
L oL by aa 55 cpl Al ooy 86 (g5, Lol 5 A asls 13
Sy S 3G STH U L s see ot 5 LuS foy pae
4530 =4 arc tan 2 H/L Jse 3 3l eslanal b Al e~ L L
01 5Sile 5 LSS L (5Sell Tkd sy a8
OF 51 S 5 iy bl ol amys £ 51 iy bl s S
bl Isls Slso) @l T as e 8 s b 2ty sl
FORCE PLATE (Bertec,6 Wortley Moor 5,5 a=ie 3l ol 3l
Yo L dslas 053 R oslezsl Road, Leeds LS124JF, UK)
T el s 4 B Ok b 5l B slaplll e 0
(Accelerometer 6G 2D, Mega CwuL...ﬂ Koy glay g
Cond (595 ME600,Mega Electronics, Kuopio, FINLAND)
y@,ﬁdbj()uw%w\)j%wud&u
ol Sy 33 d e B Sl B 5 S -
S el 55 0L LS bitws bl 50 amio S e o
s OS> 1 Gl glapldl 5 a5 e Sl Do S e ol

o ize 2L sladge b 1) Jgdr

s B
3 (xy — %)? (mm) ls— alb goe 53 HLib 35 0 555 el laedl il
Opp = N—_1
_ 2y (mm) (3 b smme 5 5L S o3 55 el lomacl
oML = N_1
oy = Y(Vei—Vap)? Vo — Xijpq—X; (mm/s) k;'da'—&l.u" e 53 LS S e L u Hlaed ol
a N where Tty
o - Z(Vyrvm)z v Vit —Vi (m/s) (b g 55 )W S 0 S Hlre Bl 2l
VML — _ Lo— it 1
N where Ut
2(n—1 ai .
CEA = mach, = ﬂ:(%)F(l —@) 2n—2 JIA, (mm?) 5L 58 0 g lwler mhaw

)t T (i

CEA= S oan colue ML= 8 )b gm0 AP= als— alad j570 V=t o 6 el il

FEE L TFe oF oylos V0390 o) Fro i ol (S psle olCiils o S5 0aCiilsy aloxa


https://tumj.tums.ac.ir/article-1-11266-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-17 ]

Aa\s plles 505 5 ity s linsl 361 4 Yo G5 o Letid S0 Glow s (sla o JSisa5T a0 bl

Ee
Sl ol Kl 0as bl ol adlee s
BESS -t S CGUR  UY B VPUNE P PSP U WP | JO |
DS S e plmlr Olas mhaw (B b 5 i s e
Ols L;u(,;u 3 g bl Sl 4 Y Ol glanil )2
L e L
Sl polle Rl S e Pl e s
055 33 A 55 sy 33 a3 5L S e S lreSl sl
IS 5 Ol 5w o3 Ol OL,Kes 5 Lin g 2/VO VL
3o 3 Aol b1 GlesT 5 eslinal wy Oladr b oll Ol
VO Sl G e 5 bl e s Mo LIS
@ Yo Sl Y7 Ole 3 OKes 5 Salavati s, sl Cawsas
e S s ol s bls s SSlas Sl oWl
s 53 1y S Slaeddl il (6 Sl LLL e (ST
B R A L LR e R e VA A A IR VA R I =
ol aallas o3 sy i A8 B e )3 4S Kngel
D 3 S8 g bl il pslie (6001 ST Slen Ve Ol s
woarg by (V) ds— s e 51 ni (W/A0) B b
o ol et s Vlanm| Sl O3l ) o pas oS slutes
e T s g
el blaze il a3 ) some 53 O p x5S e i bl

N’”..L.ZL!L{: Sekas s pl 3 Joles bt 4l j3 00

5 adsl O L3 LSS L Dler Sl b ane cnl S0k Salg Lo

SPSS i beesls Lo (sl .t golel oyl o 5,05 4 556
oslatul software version 16 (IBM SPSS Armonk, NY, USA)
o Gk O kel Dl Gl el S Ol S
alols L (Intra-class correlation coefficient, ICC) M
Um0 Sl i ol cu s s aels 140 Oliabl
Slp A 4 S L s Chs /8 ) S 5 s LB /YO L
SEM=Standard e 3| (SEM) (5 ,Se3lul jlae glast asloes
Sl avil>s (gl 2 5 Deviation from the 1st testx (\v’m)
Jse 2 3l (MDC) SSesll 6 S

L% eslizd MDC=SEMx V2 x1.96

laassly
53 5y o s Goyb ) bl WS 6y 1SS e
A el b md bl RIS slagils 055
Jador 3 sl 31 iy (sbioil gl S0k 5 SC31S 503 (sl S5
ool oS s e Sl S Clasie ol sdel Y
bl oo I (g lslae &l Independent samples t-test
s 35 A 53 35 kel Sl ol 5 s Sl ol ol
Sl S g P=r/ee) () VO 51 i 0 S 55 2 02
5 @P=2/VY) (Camd) /YA S o35 55 Ol ke & xSe3ll
Ll Cwdds (P=2/44) (J 5.8 J.;G) /ey VJL.,J ajj§ 3

M=) 055 3 55 Kbl S go3 oo s (55b61 la o ls 1Y J g

P @=\") Wl M=1+) 2y sboul o33l L juize
BN oSk BIRPNEE Sk

JAYA i T\/A4 Yo YY/0 (J) oy

a\a 2[00 A AN YA\ (m) %

SR A ov/e AR oA/4 (kg) 839

i\ay Y/YY YY/YV YV YY/Yo kg/m?) Gy o355 pasld

AN /Y Yo/t Y/ £ (e 53) oy bouil 4yl

Tehran Univ Med J (TUMJ) 2021 July; 79(4):260-6

http://tumj.tums.ac.ir

A a5l 5 lsbes P<+/+ 0 Independent samples t-test ;g Ll & 030


https://tumj.tums.ac.ir/article-1-11266-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-17 ]

Safaeifard B., et al. ¢

ALl SRl e LS

Sl S lag b polie QLG S5S Shasy
B B O
Ogmen JLE3 S o lapie il A0 roman 5 5550 ol
2 et s ol alr Co e bugs (obulr Sl 5 aul
R R e U=y
Sl Ssls 03 Spdly Sda b VL 6 e b slaallls
B deo 5 it 6 1SS

23 b o 5335 el Sl il it 1 50018
S5 Solslan a5 (/40) UL Oljee o 2o U Wl 035
S Obes v ) biie sl oLl b s e v
e ize cpl 5l b el st gt 5 Jpd LB d= s (Glis
ol Al De Ol glagdils o bl DU oy 5 S Ol e
G 032 VL) s Ol ol slagils 5 2t gl
Ll o ol asllas ml oS eslanl Sladlas 5o (S5 el
0> s S e Oleg e Cawgs ORIl gl plealy
Sl 4 e Ollegy L3 Jalad i) wns 53 ST sl iasy
P35 e S L Slg 5o UL mhy bl I8
patie pire Jloys gl s, Oblen pl Jol glag sl 2l
5

Olge o aabObl 5l o Jol= dlis ool 1o/l
Obj o a8 odlas Sl el 5 Jolas e bLSS) aslis
el e ol Ol 05 b iy bl SRl a4 Sas Ol
2l ps A5 b8 sl s R P slaplll s S
«S w3L o IRSBMU.RETECH.REC.1397-452 1S 5 Y4V JL.
Lgd Gl il Slts 5 (Sp e e oS00 Coles L

RGP \ﬂ\ M
References

1. Baloh RW, Jacobson KM, Beykirch K, Honrubia V. Static and
dynamic posturography in patients with vestibular and cerebellar
lesions. Arch Neurol 1998;55(5):649-54.

2. Doyle TL, Newton RU, Burmnett AF. Reliability of traditional and
fractal dimension measures of quiet stance center of pressure in
young, healthy people. Arch Phys Med Rehabi 2005;86(10):2034-
40.

3. Lin D, Seol H, Nussbaum MA, Madigan ML, editors. Reliability
of COP-based postural sway measures. Proceedings of the Human

Ak Sl s o 05,30 S5 addlls s el okse
R R R e
cnl o iy bl Jralhl 4 S sl a8 el s 5158 -
ozl Dol Lis gl ciloe glaggplaad 5l Ll s
sl Ol s OLSes 5 Maribo cladlas s pomen TS
Jhidge 355 4 0L 55 OLKes 5 Otadi 5 253 58 4 e
S JKS 4 S it glandr 0555 AL (G0 S
3 o e 33k o LSS 5 Lss peslia) Jal 5 55 aaus gz
L S VL U Sl San e el

25 el Sl slie Ll s S5 Shas 2
el sy VO S VG 65 S 3 a3 s 53 53 LS S
55 el Slmecdl il ULy s O,Ken 5 Robbins axdlas 3
il g e bl Ll S s j e 93 s 3 JLEE S
il 3 s 3158 (Cimd) /8 S gaS L sl oS e
ol il glaw sl Ol 53 LElesT SIS Sles alols axdllas
e U5 o 35t s 3l S 68 (3, 1B ) 550
Sslize Sloy dols (ol ol 003 Cunle 55 1 anllas 53 i
Wty g1 1SS sl s el g e

35en S S el il gladse b L LS S e Ol mlaw
Slallas 1 ol il 3 Ml ol e 51 S L5 e 55 S
gl Pl adlan 53 A3l e (nl R AL (s 4 B
w5 Il ey 8 sl e S 5 5L S e 0Ly
O Kan 5 Salavati axlas wlive 5 dol Costs Cins 5 Jsd LG
ol a3 (e 5LES S 0 Ol mhaw 8 il oo
55 Oslil Ol 3 ol S SLad S e oS el e G me
Byhe bl e 5 bt a Bl S g3 a3 e sdows O

o2 Sl G SOl e 4 il e bl ois ol

Factors and Ergonomics Society Annual Meeting; 2006: SAGE
Publications Sage CA: Los Angeles, CA.

4. Fazeli SH, Amiry A, Jamshidi AA, Sanjary M. Reliability of center

of pressure measures during dynamic balance performance. J
Modern Rehabil 2011;5(2):1-8.

5. Barbado D, Moreside J, Vera-Garcia FJ. Reliability and repetition
effect of the center of pressure and kinematics parameters that
characterize trunk postural control during unstable sitting test.
PM&R 2017;9(3):219-30.

FEE L TFe oF oylos V0390 o) Fro i ol (S psle olCiils o S5 0aCiilsy aloxa


https://tumj.tums.ac.ir/article-1-11266-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-17 ]

Ye

11.

12.

15.

16.

17.

19.

The intra-rater reliability of the measurement of the center of pressure sway in women with dorsal hyper kyphosis and healthy women

Robbins SM, Caplan RM, Aponte DI, St-Onge N. Test-retest
reliability of a balance testing protocol with external perturbations
in young healthy adults. Gait Posture 2017;58:433-9.

Aruin AS, Latash ML. Directional specificity of postural muscles
in feed-forward postural reactions during fast voluntary arm
movements. Exp Brain Res 1995;103(2):323-32.

Aruin AS. The organization of anticipatory postural adjustments. J
Automatic control 2002;12(1):31-7.

Dombholdt E. Rehabilitation research: principles and applications,
3rd ed, Philadelphia: Elsevier Saunders; 2005.

. Qiu H, Xiong S. Center-of-pressure based postural sway measures:

Reliability and ability to distinguish between age, fear of falling
and fall history. Int J Ind Ergon 2015;47:37-44.

Hadian MR, Negahban H, Talebian S, Salavati M, Jafari AH,
Sanjari MA, et al. Reliability of center of pressure measures of
postural stability in patients with unilateral anterior cruciate
ligament injury. J Appl Sci 2008;8(17):3019-25.

Salavati M, Hadian MR, Mazaheri M, Negahban H, Ebrahimi I,
Talebian S, et al. Test-retest reliabty of center of pressure
measures of postural stability during quiet standing in a group with
musculoskeletal disorders consisting of low back pain, anterior
cruciate ligament injury and functional ankle instability. Gait
Posture 2009;29(3):460-4.

. Niknam H, Sarmadi A, Salavati M, Madadi F. Reliability of the

center of pressure parameters after ACL reconstruction surgery.
Zahedan J Res Med Sci 2013;15(4):43-7.

. Otadi K, Talebian S, Hadian MR, Shadmehr A, Nakhostin Ansari

N, Emamdoost S, et al. Reliability of the center of pressure
parameters in patients with myofascial neck pain. J Modern
Rehabil 2015;9(2):77-83.

Terra MB, Da Silva RA, Bueno ME, Ferraz HB, Smaili SM.
Center of pressure-based balance evaluation in individuals with
Parkinson’s disease: a reliability study. Physiother Theory Pract
2020;36(7):826-33.

Greig A, Bennell K, Briggs A, Wark J, Hodges P. Balance
impairment is related to vertebral fracture rather than thoracic
kyphosis in individuals with osteoporosis. Osteoporos Int
2007;18(4):543-51.

Zavieh M, Parnianpour M, Karimi H, Mobini B, Kazemnejhad A.
P008 Studying the changes in postural stability and balance in
postural hyperkyphotic patients compared with healthy subjects.
Gait Posture 2008(28):S53-S4.

. Van der Jagt-Willems HC, de Groot MH, van Campen JP, Lamoth

CJ, Lems WF. Associations between vertebral fractures, increased
thoracic kyphosis, a flexed posture and falls in older adults: a
prospective cohort study. BMC Geriatr 2015;15(1):1-6.
Khakhali-Zavieh M, Parnian-Pour M, Karimi H, Mobini B,
Kazem-Nezhad A. The validity and reliability of measurement of
thoracic kyphosis using flexible ruler in postural hyper kyphotic
patients. Arch Rehabil 2003;4(3):18-23.

Tehran Univ Med J (TUMJ) 2021 July;79(4):260-6

http://tumj.tums.ac.ir

20.

21.

22.

23.

24.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Hinman MR. Comparison of thoracic kyphosis and postural
stiffness in younger and older women. Spine J 2004;4(4):413-7.
Fon GT, Pitt MJ, Thies Jr AC. Thoracic kyphosis: range in normal
subjects. Am J Roentgenol 1980;134(5):979-83.

Frost LR, Brown SH. Muscle activation timing and balance
response in chronic lower back pain patients with associated
radiculopathy. Clin Biomech 2016;32:124-30.

Ruhe A, Fejer R, Walker B. The test-retest reliability of centre of
pressure measures in bipedal static task conditions—a systematic
review of the literature. Gait posture 2010;32(4):436-45.

Doyle TL, Newton RU, Burnett AF. Reliability of traditional and
fractal dimension measures of quiet stance center of pressure in
young, healthy people. Arch Phys Med Rehabil 2005;86(10):2034-
40.

. Schubert P, Kirchner M. Ellipse area calculations and their

applicability in posturography. Gait Posture 2014;39(1):518-22.
Santos BR, Delisle A, Lariviére C, Plamondon A, Imbeau D.
Reliability of centre of pressure summary measures of postural
steadiness in healthy young adults. Gait Posture 2008;27(3):408-
15.

Lafond D, Corriveau H, Hébert R, Prince F. Intrasession reliability
of center of pressure measures of postural steadiness in healthy
elderly people. Arch Phys Med Rehabil 2004;85(6):896-901.

Lin D, Seol H, Nussbaum MA, Madigan ML. Reliability of COP-
based postural sway measures and age-related differences. Gait
Posture 2008;28(2):337-42.

Singla D, Veqar Z. Association between forward head, rounded
shoulders, and increased thoracic kyphosis: a review of the
literature. J Chiropr Med 2017;16(3):220-9.

Kasukawa Y, Miyakoshi N, Hongo M, Ishikawa Y, Noguchi H,
Kamo K, et al. Relationships between falls, spinal curvature, spinal
mobility and back extensor strength in elderly people. J Bone
Miner Metab 2010;28(1):82.

Lewis JS, Valentine RE. Clinical measurement of the thoracic
kyphosis. A study of the intra-rater reliability in subjects with and
without shoulder pain. BMC Musculoskelet Disord 2010;11(1):1-7.
Singla D, Veqar Z. Association between forward head, rounded
shoulders, and increased thoracic kyphosis: a review of the
literature. J Chiropract Med 2017;16(3):220-9.

Fujiwara K, Toyama H, Kunita K. Anticipatory activation of
postural muscles associated with bilateral arm flexion in subjects
with  different quiet standing positions. Gait Posture
2003;17(3):254-63.

Anbarian M. The balance recovery mechanism following a sudden
external anterior-posterior perturbation in individuals with
Kyphosis. J Exerc Sci Med 2010;2(1):115-32.

Maribo T, Stengaard-Pedersen K, Jensen LD, Andersen NT,
Schiettz-Christensen B. Postural balance in low back pain patients:
intra-session reliability of center of pressure on a portable force
platform and of the one leg stand test. Gait Posture
2011;34(2):213-7.


https://tumj.tums.ac.ir/article-1-11266-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-17 ]

I [ ] ] VI l Tehran University Medical Journal, July 2021; Vol. 79, No. 4: 260-266 Original Article

The intra-rater reliability of the measurement of the center of pressure
sway in young women with dorsal hyper kyphosis and young healthy
women in standing position: a pilot study

Banafshe Safaeifard B.Sc.!
Mehri Ghasemi Ph.D.""
Khosro Khademi-Kalantari
Ph.D.!

Alireza Akbarzadeh-Baghban
Ph.D.2

Yaghoub Shavehee B.Sc.3

1- Department of Physiotherapy,
School of Rehabilitation, Shahid
Beheshti University of Medical
Sciences, Tehran, Iran.

2- Department of Basic Sciences,
Proteomics Research Centre,
School of Rehabilitation, Shahid
Beheshti University of Medical
Sciences, Tehran, Iran.

3- Department of Biomedical
Engineering, Faculty of Biomedical
Engineering, Amirkabir University
of Technology, Tehran, Iran.

*Corresponding author: Department of
Physiotherapy, School of Rehabilitation,
Shahid Beheshti University of Medical
Sciences, Opposite to Bouali Hospital,
Damavand Ave., Tehran, Iran.

Tel: +98-21-77561723

E-mail: mehri_ghasemi@sbmu.ac.ir

AbStl’aCt Received: 01 Mar. 2021  Revised: 08 Mar. 2021  Accepted: 13 Jun. 2021  Available online: 22 Jun. 2021

Background: Posturography is a method in which the postural stability of adults is
evaluated by measuring the center of pressure sway. This study aims to evaluate the
reproducibility of measuring the center of pressure oscillation in standing position with
internal perturbation in healthy young women with and without hyperkyphosis.
Methods: Ten women with dorsal hyperkyphosis with the mean age of 23.5+2.65 years
and 10 healthy women with the mean age of 21.9+1.3 years (October 2018 to February
2019) were recruited for the study. Subjects were asked to perform rapid bilateral arm
elevation while standing on a force plate. Standard deviation of the amplitude and The
standard deviation of the velocity of the center of pressure sway in anterior-posterior,
Medio-lateral directions and the area of sway were used for statistical analysis.
Measurements were carried out by one examiner with a 1-day interval in The
Biomechanics laboratory of The School of Rehabilitation Sciences, Shahid Beheshti
University of Medical Sciences. The relative reproducibility of the measurements was
calculated by Intra-class Correlation Coefficient (ICC), standard error of measurement
(SEM) and minimal detectable changes (MDC).

Results: The intra-rater reliability of standard deviation of the center of pressure sway
velocity and amplitude of both directions in both groups were more than 0.75. The
intra-rater reliability of the area of the center of pressure sway in the healthy and
hyperkyphosis group were 0.42 and 0.38 respectively.

Conclusion: Standard deviation of the amplitude and standard deviation of the velocity
of the center of pressure sway can be considered as reliable variables for assessing
static balance in young women with and without dorsal hyperkyphosis in future studies.
However, the inconsistency of sway area especially in women with hyperkyphosis
suggests that the use of it for differentiation between subjects and the assessment of the
outcome of any interventions on the postural stability should be considered with

caution.
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