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A Quantitative Assessment of Static and Dynamic Postural
Sway in Normal Adults

Y.l. Shin*, Y.H. Kim*, N.G. Kim

Postural balancing in human is known to be maintained by the complex mechanism coupled with
cerebellum, equilibrium organ of ear, proprioception and other various organs.

We developed a Computerized Balance Evaluation and Training system(COBET system) to evaluate
postural control and to rehabilitate geriatrics and disabled patients. In addition, 55 normal adults were
tested to investigate the influencing factors on balancing posture.

For the analysis of static postural sway, areas of the moving center of pressure were calculated under
8 different positions of subjects. And subjects were also asked to follow the visual targets on monitor
for the evaluation of the dynamic postural sway.

In comparison of the first and the second sets of tests, there was test-retest reliability(»<0.05). The
controllability of the static postural sway was decreased as the ages of subjects increase. When the ages
of subjects are over 60, the controllability was significantly decreased. The dynamic postural sway was
significantly greater in the age groups of 7th and 8th decade than the younger groups.

It is concluded that COBET system is a reliable system in the evaluation of postural sway. The
COBET system is considered to be a valuable training modality for the disabled patients as well as the

elderly.
Key words : Postural balance, Force platform, Computerized balance evaluation and training system(COBET
system)
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Fig. 1. The measurement principle of force platform
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Fig. 3. A measurement of dynamic postural sway
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Table 1 The eight stance for measuring in static postural balance control
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..... Group Total
Agelyrs) (No.}
20 - 29 5 5 10
30 - 39 5 5 10
40 - 49 5 5 10
50 - 59 5 5 10
60 - 69 5 5 10
70 - 79 3 2 5
Total 28 27 55
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Table 3-1. Comparison of testretest measurements in static path sway
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Comforfable Eyes nopened +  2.20 1.61 + 0.67 0.91 - 2.4() 0.85
stance Eyes closed + 411 2.09 + 0.95 1.24 - 2.69 0.20
Narrow Eyes opened +  6.31 3.58 + 1.48 2.29 - 4.66 0.67
stance Eyes closed +  6.09 6.89 + 3.70 4.14 - 9.08 . 0.45

One-legged, Eyes opened + 13.28 6.99 + 3.40 491 - 9.19 0.85

right Eyes closed + 90.25 43.02 + 19.01 30.88 - 58.25 0.58

One-legged, Eyes opened + 12.16 8.52 + 3.48 5.18 - 14.48 0.43

left Eyes closed + 101.67 39.63 + 17.61 23.52 - 69.55 0.45
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Table 3-2. Comparison of test-retest measurements in dynamic postural control

‘Paijg;mete‘r _, Directit;)jﬁ First trial ;HjSecond trial 859 Confideﬁsce interval b value
Forward 4.28 + 1.61 3.86 + 1.13 3.04 - 5.05 0.43
Right forward 3.75 + 1.16 - 378 £ 1.01 3.05 - 445 0.91
Rightward 446 + 1.95 342 + 1.64 2.97 - 458 0.88
Movement time Right backward 3.07 + 1.67 2.91 + 1.38 2.06 - 4.08 0.21
(sec) Backward 279 = 1.95 263 + 1.26 1.87 - 3.33 0.81
Left backward 3.20 £ 1.72 3.09 + 1.34 2.17 - 4.24 0.68
Leftward 3.31 + 1.36 3.02 + 0.82 251 - 345 0.42
Left forward 3.41 + 0.87 344 + 091 2.89 - 3.94 0.91
Forward 237.94 + 107.74 203.86 + 58.76 164.78 - 264.98 0.43
! Right forward 225.31 + 47.58 228.38 + 59.41 196.55 - 254.06 0.78
Path error k Rightward 280.40 £ 122.74 231.97 + 44.10 210.34 - 263.23 0.53
(%) Right backward | 300.76 + 126.53  290.42 +104.31 224.29 - 377.23 0.30
Backward 326.98 + 166.32 271.44 + 84.78 207.49 - 350.39 0.71
Left backward 302.15 £ 107.28 295.83 + 76.39 237.31 - 366..98 0.74
Leftward 209.43 + 53.54 180.69 + 46.83 167.00 - 205.27 0.41
Left forward 205.61 + 44.51 201.22 + 4849 178.71 - 232.51 0.68
Forward 33.58 + 26.68 28.64 + 29.18 9.60 - 39.85 0.60
Right forward 2047 + 17.16 22.15 + 20.98 10.10 - 30.84 0.58
. Rightward 42.22 + 52.30 2510 + 16.83 11.95 - 34.31 0.84
Peripheral sway )
Right backward 29.98 + 25.03 31.95 + 13.40 14.85 - 45.10 0.70
?;:E)‘ Backward | 3881 + 5092  16.00 + 4.24 11.31 - 19.38 0.63
Left backward | 32.18 * 23.75 32.66 + 22.54 17.82 - 46.53 0.83
Leftward : 35.74 + 28.23 25.31 + 12.36 15.26 - 33.08 0.53
Left forward 22.95 + 15.32 24.18 + 15.60 13.69 ~ 32.21 0.56
EH 4 Yol E MY XM 29 H|w
Table 4. Comparison of static path sway according to age group
_ PO L e wm o mas B 6069 |
Parameter , .- o
Comfortable | Eyes opened 1.22+1.03 1.58+1.04 1.85+0.89 242+1.22 255" £1.40 -3.92**° £3.20
stance Eyes closed 1.43+0.84 2.26+1.70 241+1.15 3.03+1.53 3.26" £2.29 6.31*F**" +£3.87
Narrow Eyes opened | 2.47+1.34 4.59+2.09 3.49+0.87 4.99+1.61 5.97+3.98 20.89™* %% +29.04
stance’ Eyes closed 4.81+2.79 6.43+3.01 6.27+£2.29  9.93"+5.30 7.11+3.30 14.74*%*%%" +8.18
One-legged, | Eyes opened | 5.56+3.70 742+419 11.86+7.10 12.79+342 16.95+18.39 349.58* %% + 28250
right Eyes closed | 34.64+22.91 4644+3464 79.65+5654 80.93+57.80 116.16 =177.44 - 690.00**"*" +82.16
One-legged, | Eyes opened | 6.71+2.90 6.75+4.86 16.66+11.84 12.50+4.72 18.94+12.62 251.58*** " +257.39
left Eyes closed |.33.54+14.15 49.821+34.23 51.99+3248 64.89+34.29  179.79"*°*£192.59  690.00***%" +134.16
* p< 0.05 : difference between 3rd decade and other age groups
# p< 0.05 : difference between 4th decade and other age groups
@ p< 0.05: difference between 5th decade and other age groups
$ p< 0.05 : difference between 6th decade and other age groups
+ p< 0.05 : difference between 7th decade and other age groups
Aeb(p<0.05). =g §-Fnke] A 70thr} 30¢H, 40 o, 30, 40wl wls) 2 2) Al 2 A Ve (p<0.05).

o
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Table 5. Comparison of movement time according to age group (Unit:sec)
. 20-29 30-3 0-59 70-79

Birection ! = - - ‘
Forward 3.36+1.41 3.57+0.66 4.19+1.24 441+1.76 5.90*7“% +1.64 6.52*%“* +2.08
Right forward 4.16+1.38 459+1.30 452+1.18 5.00+1.86 5.23+1.57 591" +1.43
Rightward 4.84+1.34 3.91+2.19 4.13+1.11 4.21+1.49 4.31+2.47 6.78%°%" +2.43
Right backward 3.67+1.58 3.28+2.74 2.91+1.06 3.36 £1.70 3.19+1.31 3.62+1.79
Backward 2.93+2.44 3.39+3.17 2.72+0.65 3.16+1.51 3.07 +0.50 3.61+2.13
Left backward 2.89+1.22 3.50+2.49 2.90+0.67 3.86+1.72 4.19+2.08 4.04+3.12
Leftward 3.00+1.04 3.07+1.75 3.47+1.48 3.83+1.67 3.18+0.64 3.64+1.41
Left forward 3.52+0.94 3.48+1.51 3.83+1.27 3.99+1.30 3.97+1.39 5.377%¢ +£2.03

* p< 0.05 : difference between 3rd decade and other age groups

# p<C 0.05 : difference between 4th decade and other age groups

@ p< 0.05 : difference between 5th decade and other age groups

$ p< 0.05 : difference between 6th decade and other age groups

4+ p< 0.05 : difference between 7th decade and other age groups

= 6. ool W= FZLRRle| BT
Table 6. Comparison of path error according to age group

 Agelyrs)y |
. . 30-39
Duvecﬁcni 2 . : » : :
Forward 167.52+42.29 202.73+101.48 235.34+75.10 252.04+120.42 322.31**+114.05 363.35**¢ +193.83
Right forward 247.96 +66.69 291.03+129.75 300.30+£62.59 286.81 £107.51 340.82+91.76 409.16** £217.72
Rightward 250.04 +36.88 246.04+81.01 271.85+79.55 280.73+57.96 343.35+218.04 366.05+129.63
Right backward 329.53+105.41 420.48+333.75 323.49+93.01 393.54+159.02 473.02+338.52 575.84 +£404.38
Backward 286.45 +238.70 355.83+189.06 326.43+78.55 380.14+146.98 286.07+149.57 502.42 £ 355.46
Left backward 295.94 +188.76 386.35+189.66 319.03+97.83 418.61+208.76 578.57*“+317.14 713.49"*% +673.62
Leftward 179.66 £29.97 211.59+73.27 210.96+16.10 217.84+58.97 202.23+37.70 232.42* +£37.76
Left forward 196.79+51.18 252.63+159.50 239.73+33.47 240.15+71.56 313.31*+£199.01 310.56 +£150.20
* p< 0.05 : difference between 3rd decade and other age groups
# p< 0.05 : difference between 4th decade and other age groups
@ p< 0.05 : difference between 5th decade and other age groups
$ p< 0.05 : difference between 6th decade and other age groups
+ p< 0.05 : difference between 7th decade and other age groups
2) X2 Q#(path error) AtH(p<0.05).
COP2| #7327} FAA BRE7A] AAAR9 3) Z=HAIM E R (peripheral path sway)
Aes AAAZ A g %= el 29 xe A COP7} Zx %o 9% % 9% Ax2 w2 (af)o
Aol A d®d o] Frbell wheh AR e Agre] AAE kR 2 nAg Fuad £eo) 2RAME Ao 2] uf
wolor, B3] 60d) olF 2 Ko ANE PUE RA 4 goo) grs) AN FRe wgow, 55 700
HHE 6 ‘ A f Eask e Ao edekE 7). 0% A
roske sk Spel ) 200, 30H, A0tel WIS e gepa veix) we gl 700 elste) mE o
ooglAl & ARoAE Reow, A 20t)2} 2z 64 94940171] 9o 272 Beoun, Hube
50‘:”°“ H]ﬁ = X‘liﬁ’_i}- ﬁj_ 5}-»2-15—110)-5'(}:0]]/(-" ZOT:HOJ] Ao SOEHQ‘_ 60‘:}] ZOLH BOEH, 401:}]0“ H]%H 943] ?\l}“
Al oo giA R AE B rH(p<0.05). 215 9eh(p<0.05). 3 kel 60TH 20tHe] ]
60tk xhgel ) 20sst S0, ATl 20k 40 gy ol 60w 20945} 30mhel wlal olslal
o, Fdutell A 20t wls)] SJo)olA T AZAE B
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Table 7. Comparison of penpheral sway area accordlng to age group

BT

) (Unit:cn)

s : v
; 2029 30-39 50-5

Direction o _ o , o .

Forward 12.32+5.99  24.96+16.78 30.88i20.63 58.497%° +31.88 61.62°° +20.08 118.77°***" +65.14
Right forward 2095+9.66  56.05+17.34 2475+21.51 24.63+18.04  54.31+31.85  141.72°%%" £91.45
Rightward 26.04+21.07 52.65+1956 5540+44.78 31.42+22.20 4556 +20.84  115.42°%°%* +37.87
Right backward | 20.96+15.94 41.22+39.94 36.67+31.16 48.82+69.61  58.78+44.11  117.27%°"%* £47.27
Backward 14174586  2350+23.94 3267+1471 34.69+2584  71.14*+94.45 134.30%*°*" +118.68
Left backward 34.07+36.70 47.96+50.44 47.91+27.98 50.64+5551  83.25+104.21 92.37+58.23
Leftward 28.43+17.40 42.89+43.17 42.88+31.31 28.93+11.49  43.38+23.33  12353**°%' 1£69.27
Left forward 285041849  30.93+31.47 4471+19.22 47.51+33.40 74.06%7+62.92 127.45%7“%" +89.77

* p< 0.05 : difference between 3rd decade and other age groups
# p< 0.05 : difference between 4th decade and other age groups
@ p<C 0.05: difference between 5th decade and other age groups
$ »< 0.05 : difference between 6th decade and other age groups
+ p<C 0.05 : difference between 7th decade and other age groups

715l g R ArH(p<0.05).

of wredglei[2,19]. A7 FHEBA LA
ch diababele] g x| @A dZF Frkfglo® A
fr#lell 7)odsta, A AZEzE7] (somatosensory system) £
7l e ukE(muscle spindle), ¥4 2 =87 77
(cutaneous recepter) ZX¥-g] 12 AT} 2PAl = x}4]
3} o2 thgdAlele] HRE AFgeie Holrh HA7|
(vestibular system)-& 92| F 7}zr|HApole] R=3HE
s Ast= 4TS st slri[24].

19823 Nashner 5ol 2jabyl A=A A A of ol 4
A7 zE 7)1k e] Agte] Jb A, A} Al A A
Bglo] iRl Hgell= AT HAAN E TLE B
Qlths Wwshlri[25]. =g, 19854 Era 5o pAT
HAololl AeFE F= Aol s}, wloky AAA =4
g i 2e A st s, Al gE 5

Ax g HrpgE Aol A sebA] sHekAlel wls] 2-3ufe]c

587b lslen, Zlskdele] kA ZIH Sl vlEl HF7
A4 8uje] Ferl Addvkar Mardhglar, wwk(obesi-
ty), *n(nmse) 2 w3l wel Foel H=sF HA
ki et 17].

B APl A5 akA 7w 9ol vls AA7AA 7H2al
o] A& HEFIYYA] Fa9 FErL QoA Hew,
7jakAlell wlsh FigkAlel] B89 AEsb oJedA & Ao
2 1}9} Nashner®} Fra 9o dFZAxel o=stact
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[17,25].

dzge] Frlol wE zAFFAIH A3t g B
7= 19949 A S[5]3 199549 7 H[3]e) FArAle
AA g FA AAFHA I EE 2000 40 el vl 60
ol 4 @A 3] AshE]e] 400 o] FH-E] F&ukE-o] s}
7} dgdctn slgdem 1994\ Lord 5& 65A40]ALY
34199 A4} A& it g A AT (one-year
prospective study)ell 4] 39.3% 9] thAx}7} 159k 3
ojaFe] Ao Age] UMtk Rastri26]. ¥ AT
e A% Frlel wet 89 Arrt AXE FE
Bolr}r} 60l F5-E R} & Fo & AHARw] 70 A
b2 Az Zo) wls] AT Feo]E Hrh ol 23
o) we} )&, %77}t (vibration sense), 3T
(proprioception) 3 #}x|H Y At el A3}e}
7 Al Bl B F ¥Rl o7 Ao Rag
27,28].

A F A ] Hrlell W A+ @ AFEH AL
Hoisted ZA JA=e FHrkeh A FrhE
g 2 ok, odabd srbi 1984 Ruskine] #4779
N1 F R FAARE 45Fo8 TEIA A
o[ 14], 19861 Shumway -Cock & 7|H¢ Ax
T 582 Axe et 45FoE :l"—‘rb'}":] A A8k Aok
[29]. 1988 Fisher 5-& AA|F Ao HIE A
ol g7le} okl HrlR FEEte] Al HrbE SAH
A A ek 2P BYEH F& £3]0]A st} COP7} o]
5% u el AFe A4 heS Bk oFAal
H71E 98l F BB (balance board)§lel HgAE &2
¥ R E MM ZAAE FAse XS SAE v o

tH30].
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[31], Shumway-Cock Z[15]% Lehmann £[32]& X
7Ve kel Fatell A, Norr F[13]8 AA 757 e At
S o83t AAFRHA ] SAME ek AlE
&gt vtz 19959 7 5[3]e] ¥
43 b Fotel QA sypAlele] w2 A

< A A Y
%Fd% & g sl=s 2RI e o
AAE Aol S A= o 7hA 5§
7P9Jr Aol FhsEA o]E EdE

E3lo] & A3ke 28k Aol
Ab—ﬁl el 7]o4
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T AT

AR

rh

Yo 2 COBET systemg o] &3k

2

°l£fﬂr 12F gl 23} AAghe) wlate]
Apol7k ol AA-AAAL AF =7t st
AT A H ] AN Foo Are o
7 e Halew, 60 o]FFE o
e BA3 53 HbAlel 2 ghe]l wsgkeh.
AT FA A HAAF )T, AR
b, kA Fe B 60tel 70T el A v dH el
ulsl o)) lA oo, 53] 70l Ao w 3
o w3te} Fo] FHrh(p<0.05).

oo A= B of olzfgt A Bl FA AAFIHA
Ho) Atz 60 0] 52 malellA ‘ﬁ“o““h— T =9

=,

o]

EN
Atarel Aefjo] fbo] Fo] gl& Ao B Holw, o]F
Autalr) e A= FARATE Y J % At AFEH
o] Bad Foju.
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