
(center of mass

COM) (base of support BOS)

[1]

( v i s i o n )

(proprioception) (vestibular sensation)

[2]

(postural stability)

(forceplate)

Clair

20 30

(retest reliability)

[3] (ground reaction

force GRF) (center of

pressure COP)

(sensorimotor)

Blaszczyk

(body sway)

[4]

[5]

Gehlsen

20

(computerized

posturogram)

(equilibrium score) (center

of pressure COP) (percentage of

difference in sway PDS)

(p < 0.05)

2007;12:20-8

1 1 1

1

404 91

2006 8 28 2006 11 6

2006 12 5
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[6]

[7,8]

[9]

[10]

Pyykko

50% [11]

Hirabayashi

3-4

15

[12]

[13]

[14,15] Hytonen

(sway velocity)

[16]

1)

2)

3)

1 0 - 1 5

(children) 25-35 (young adult)

45-55 (middle-aged adult)

65-75 (old adult)

5 20

(PRO Balance Master NeuroCom International,

Inc)

(dual forceplate 51 48 cm2)

100

50

(cognition)

(suspension system)

(double legs stance DS) (left leg

stance LLS) (right leg stance

RLS)

(PRO Balance Master)

1 (EO SS) (eyes open EO)

(stable surface SS)

2 (EC SS) (eyes closed EC)

3 (EO US)

(unstable surface

US) 4 (EC US)

20

20

90

(equilibrium score)

(center of pressure COP)
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(percentage of difference in sway PDS)

(equilibrium score)

(normalization)

MATLAB

(MathWorks Inc USA)

( )

COP

(PDS)

COP

(Romberg Quotient RQ) [17]

PDS [16] RQ

RQ = EC/EO

PDS = (RQ

1/RQ+1) 100 [18]

SPSS (SPSS Inc. USA)

(Wilcoxon

signed-ranked test)

1 (EO SS) 2 (EC SS) 3

(EO US) 4 (EC US)

(PDS)

(trend analysis)

PDS

0.05

12.20

1.92 28.80 4.09

49.40 2.61 72.20 3.27

(1.53 0.13 ) (1.68

0.08 ) (p < 0.05)

(1.68 0.08 ) (1.7 0.06

)

20

 

  

 

 

COP (
) A B

C
D

(              
)
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(stable surface) ( )

(p < 0.05)

(p < 0.05)

COP

(p < 0.05)

(p < 0.05)

(unstable surface)

( )

(p <

0.05) COP

(n = 5)

1

2

3

4

0

0

0

0.2

0

0

0

0

0

0

0

0

0

0

0

0.2

0

0

0

0

0

0

0

0

0

2

0

1.8

0

1.6

0

1.8

0

0

0

0

0.8

2.6

0.6

3

0

3

0

2.8

0

0

0

0

(n = 5)

RLS LLSDSRLS LLSDS

(n = 5)

RLS LLSDS

(n = 5)

RLS LLSDS

3 DS = RLS = LLS = 1
= 2 = 3 = 

4 = 

(n = 5)

DS

RLS

LLS

DS

RLS

LLS

DS

RLS

LLS

DS

RLS

LLS

92.8 2.4

81.9 6.8

85.8 4.3

0.5 0.3

3.4 2.0

2.0 0.8

12.1 4.4

40.2 5.1

42.7 8.2

0.6 0.2

2.0 0.2

2.1 0.4

(stable surface) 

90.5 2.8

76.4 4.2*

77.5 5.9*

0.6 0.2

6.4 1.6*

5.6 1.8*

15.0 4.8

83.5 16.5*

83.1 17.3*

0.8 0.2

4.2 0.8*

4.2 0.9*

(n = 5)

96.1 1.2

91.9 1.8

91.1 2.2

0.1 0.0

1.0 0.4

1.2 0.4

9.1 2.3

32.2 14.8

29.2 5.4

0.5 0.1

1.6 0.7

1.5 0.3

95.1 2.0*

82.1 5.5*

81.2 4.3*

0.1 0.0

4.9 2.1*

6.1 2.2*

10.0 2.5

75.0 32.4*

76.8 31.1*

0.5 0.1

3.8 1.6*

3.8 1.6*

(n = 5)

92.8 2.9

89.6 2.2

88.7 2.6

0.4 0.3

1.5 0.8

1.5 0.8

8.5 2.3

29.4 12.0

33.8 24.2

0.4 0.1

1.5 0.6

1.7 1.2

90.3 4.6*

33.2 45.5*

32.9 45.0*

0.9 0.9

46.0 39.3*

21.2 18.0*

13.3 5.5*

56.5 28.0*

67.2 51.6*

0.7 0.3*

5.5 4.1*

4.6 2.9*

(n = 5)

93.7 1.4

64.8 32.1

88.7 1.2

0.3 0.1

5.2 3.8

2.1 0.6

9.5 0.9

43.5 6.4

36.7 8.9

0.5 0.0

2.3 3.6

1.8 0.4

91.2 2.8

9.6 21.5*

0.0*

0.6 0.4*

44.4 22.4*

53.7 23.2*

14.3 0.8*

28.8 14.2*

31.9 7.7*

0.7 0.0*

6.1 1.2*

6.8 1.7*

*p < 0.05 DS = RLS = LLS = 
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DS

1

2

3

4

RLS

1

2

3

4

LLS

1

2

3

4

0.06

0.12

0.14

0.14

0.37

0.79

0.21

0.74

0.17

0.84

0.05

0.79

(R)

0.35

0.07

0.02

0.63*

0.1

0.7*

0.15

0.81

0.05

0.5*

0.36

0.74

0.14

0.14

0.03

0.08

0.30

0.67*

0.33

0.69*

0.14

0.78

0.43

0.66*

0.35

0.07

0.02

0.63*

0.18

0.4

0.14

0.5*

0.05

0.51*

0.36

0.34

*p < 0.05 p < 0.001 DS = RLS = LLS = 1 = 
2 = 3 = 4 = 

(n = 5)

DS

RLS

LLS

DS

RLS

LLS

DS

RLS

LLS

DS

RLS

LLS

73.4 6.9

73.6 9.0

79.5 2.0

2.5 1.2

4.4 2.6

3.0 0.7

22.7 7.2

50.6 7.5

42.4 8.8

1.1 0.4

2.5 0.4

2.1 0.4

(unstable surface) 

59.7 6.1*

56.1 8.7*

67.3 8.0*

6.9 1.6*

14.5 4.7*

9.0 2.0*

35.4 4.2*

107.6 14.5*

103.9 12.7*

1.8 0.2

5.4 0.8*

5.2 1.6*

(n = 5)

87.4 3.0

87.4 4.0

87.5 4.3

0.7 0.3

1.8 0.8

1.6 0.8

15.0 3.3

38.6 13.0

34.5 7.2

0.8 0.2

1.9 0.6

1.7 0.4

58.9 9.4*

70.7 7.9*

70.7 9.7

5.4 4.7*

10.2 4.6*

10.4 5.6*

34.5 7.0

105.2 39.4*

85.8 34.6*

1.7 0.4*

5.3 2.0*

4.3 1.7*

(n = 5)

80.8 7.9

85.0 7.9

82.6 4.5

1.5 1.0

2.4 2.3

2.5 1.0

16.9 4.5

32.9 16.7

38.4 22.6

0.8 0.2

1.6 0.8

1.9 1.1

59.7 9.5*

31.9 43.7*

28.3 38.8*

6.9 3.4*

47.1 40.4*

38.8 31.2*

44.6 5.8*

51.9 14.4*

55.3 14.0*

2.2 0.8*

5.9 3.5*

5.7 3.3*

(n = 5)

77.3 4.1

65.4 36.7

80.8 2.6

2.2 0.8

12.4 19.6

4.4 1.7

21.6 4.3

45.6 10.7

57.6 24.3

1.1 0.2

2.9 1.1

2.9 1.2

56.4 6.4*

0.0

9.3 20.9*

7.0 1.8*

101.9 57.5*

53.9 37.1*

51.5 3.1*

29.0 18.1*

36.2 39.0*

2.6 0.2*

8.1 0.6*

6.4 1.3*

*p < 0.05 DS = RLS = LLS = 
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(n = 5)

PDSe

SS

DS

RLS

LLS

US

DS

RLS

LLS

PDSp

SS

DS

RLS

LLS

US

DS

RLS

LLS

PDSa

SS

DS

RLS

LLS

US

DS

RLS

LLS

PDSv

SS

DS

RLS

LLS

US

DS

RLS

LLS

1.3 1.5*

3.4 3.8

5.5 3.8

10.6 6.7

13.6 8.5

8.6 4.9

10.6 8.1

34.3 9.4

31.9 5.1

23.3 13.2

35.5 12.8

41.9 11.3

13.7 17.5

33.4 17.0

48.5 12.2

46.2 23.0

52.6 20.8

50.5 4.2

10.6 8.1

34.3 9.4

31.9 5.1

19.9 13.2

35.5 12.8

41.9 11.3

(PDS) (R)

(n = 5)

0.5 0.5

5.8 3.1

5.8 2.8

19.9 8.6

10.7 5.1

10.9 7.4

4.6 6.8

39.6 9.1

42.0 13.1

39.4 4.0

45.2 12.6

39.9 11.4

10.2 17.5

63.1 19.4

64.4 17.1

71.0 15.7

67.6 21.5

66.5 28.6

4.6 6.8

39.6 9.1

42.0 13.1

39.4 4.0

45.2 12.6

39.9 11.4

(n = 5)

1.4 1.3

62.0 52.0

61.3 52.0

15.2 6.7

62.8 51.0

63.0 50.7

20.2 10.4

56.9 24.4

47.2 15.9

43.8 7.6

52.7 24.8

47.2 25.7

21.2 28.5

87.8 16.2

81.5 11.6

64.6 11.8

87.3 11.1

80.2 20.2

20.2 10.4

51.1 16.8

46.6 10.2

43.8 7.6

54.2 8.0

48.2 12.9

(n = 5)

1.4 1.4

85.9 31.6

100.0 0.0

14.6 7.2

80.0 30.3

85.5 32.4

20.6 5.0

52.9 26.0

56.4 20.7

41.6 6.3

52.1 32.8

37.0 46.5

29.6 22.0

85.5 4.5

98.0 2.4

50.3 22.0

93.7 26.5

94.0 22.0

20.6 5.0

44.6 4.8

56.9 7.0

41.6 6.3

47.0 13.3

36.3 17.7

R

0.12

0.81

0.86

0.13

0.83

0.80

0.57

0.44

0.72

0.55

0.45

0.02

0.33

0.75

0.85

0.03

0.45

0.46

0.57

0.44

0.72

0.55

0.45

0.02

p

0.67

< 0.001

< 0.001

0.48

< 0.001

< 0.001

0.01

< 0.001

< 0.001

0.03

< 0.001

< 0.001

0.2

< 0.001

< 0.001

0.87

0.04

0.06

0.01

0.07

0.01

0.03

0.05

0.96

*Mean SD p < 0.05 p < 0.001 SS = stable surface US = unstable surface PDSe = 
PDS PDSp = PDS PDSa = PDS PDSv = PDS



Teasdale 2001

[19]

(mobility)

(stability)

Blaszczyk 2000

[20]

(stable surface)

(unstable surface)

Hafstrom

[21]

Hirabayashi 1994

[12]

Blaszczyk 1993

[4]

COP

(normalization)

(Y )

(PDS)

( )

( )

( )

26



(PDS)

90

(

NSC90-2815-C-039-007-B)

1. Umphred DA. Neurological rehabilitation. 4th edition. St

Louis: Mosby-Year Book Inc, 2001:616-60.

2. Mergner T, Rosemeier T. Interaction of vestibular,

somatosensory and visual signeals for postural control

and motion perception under terrestrial and

microgravity conditions--a conceptual model. Brain Res

Rev 1998;28:118-35.

3. Le Clair K, Riach C. Postural stability measures: what

to measure and for how long. Clin Biomech 1996;

11:176-8.  

4. Blaszczyk JW, Hansen PD, Lowe DL. Postural

sway  and  pe r cep t i on  o f  t he  up r igh t  s t ance

stability borders. Perception 1993;22:1333-41.

5.  Pai YC, Patton J. Center of mass velocity-position

predictions for balance control. J Biomech 1997;30:

347-54.

6. Gehlsen GM, Whaley MH. Falls in the elderly: part II,

balance, strength, and flexibility. Arch Phys Med

Rehabil 1990;71:739-41.

7. Miller WC. Speechley M. Deathe B. The prevalence

and risk factors of falling and fear of falling among

lower extremity amputees. Arch Phys Med Rehabil

2001;82:1031-7.

8. Era P, Heikkinen E. Postural sway during standing and

unexpected disturbance of balance in random samples

of men of different ages. J Gerontol 1985;40:287-95. 

9. Bezon J, Echevarria KH, Smith GB. Nursing outcome

indicator: Preventing fall for elderly people. Outcomes

Manag Nurs Pract 1999;3:112-7.

10.

2004;23:259-71
11. Pyykko I, Jantti P, Aalto H. Postural control in elderly

subjects. Age Ageing 1990;19:215-21.

12. Hirabayashi S, Iwasaki Y. Developmental perspective of

sensory organization on postural control. Brain Dev

1995;17:111-3.

13. Isableu B, Ohlmann T, Cremieux J, et al. How dynamic

visual field dependence-independence interacts with the

visual contribution to postural control. Hum Mov Sci

1998;17:367-91. 

14. Shumway-Cook A, Woollacott MH. The growth of

stability: postural control from a developmental

perspective. J Mot Behav 1985;17: 131-47.

15.Foudriat BA, Di Fabio RP, Anderson JH. Sensory

organization of balance response in children 3-6 years

of age: a normative study with diagnostic implications.

Int J Pediatr Otorhinolaryngol 1993;27: 255-71.

16. Hytonen M, Pyykko I, Aalto H, et al. Postural control

and age. Acta Otolaryngol 1993;113:119-22.

17.Njiokiktjien CJ, Van Parys JA. Romberg's sign

expressed in a quotient. II. Pathology. Agressologie

1976;17:19-23. 

18. Lacour M, Barthelemy J, Borel L, et al. Sensory

strategies in human postural control before and after

unilateral vestibular neurotomy. Exp Brain Res

1997;115:300-10.

19.Teasdale N, Simineau M. Attentional demands for

postural control: the effect of aging and sensory

reintegration. Gait Posture 2001;14:203-10.

20. Blaszczyk JW, Prince F, Raiche M, et al. Effect of

ageing and vision on limb load asymmetry during quiet

stance. J Biomech 2000;33:1243-8.

21. Hafstrom A, Fransson PA, Karlberg M, et al. Visual

influence on postural control, with and without visual

motion feedback. Acta Otolaryngol 2002;122:392-7. 

27



28

Influence of Vision on Postural Static
Stability in Different Ages: 

A Preliminary Study
Pei-Wen Chiu, Chen-Horong Lee

1
, Shu-Ya Chen

1
, Hsiu-Chen Lin

1

Institute of Medical Science, 
1
Department of Physical Therapy, 

China Medical University, Taichung, Taiwan.

Received : 28 August 2006. Revised : 6 November 2006.
Accepted : 5 December 2006.
Address reprint requests to : Hsiu-Chen Lin, Department of Physical
Therapy, College of Health Care, China Medical University, 91
Hsueh-Shih Road, Taichung 404, Taiwan.

PPuurrppoossee.. The visual, proprioceptive and vestibular systems are the foundations of

maintaining equilibrium and balance. Among these sensory systems, vision is

considered to be the most important component. However, the effect aging has on

changes to sensory systems is not well known. We hypothesized that aging would

increase the contribution of vision to maintain equilibrium and balance. To further

understand the interaction between vision and aging, we investigated the influence of

vision on static balance function among different age groups.

MMeetthhooddss.. A total of 20 able-bodied subjects without any balance-related impairment

from Taichung County were recruited in this study. They were divided into four groups

with different age ranges (10-15, 25-35, 45-55, and > 65 years old,). All subjects were

evaluated by a computerized posturography system in double-, right- and left-leg stance

on a stable or unstable surface with and without vision input. To investigate the static

balance function, we calculated and analyzed the equilibrium score, path length, area

and velocity of the trajectory of center of pressure (COP), and the percentage difference

of sway (PDS).   

RReessuullttss.. Vision had a significant impact on balance function. Most balance variables

correlated linearly with age. The increased COP area and PDS score reflected a decline

in balance function and an increase in dependence on vision with age.

CCoonncclluussiioonnss.. The importance of visual input for balance function increased with age,

which implies that the vestibular and proprioceptive systems decline with age.

Therefore, vestibular and propriocepive training might be crucial for enhancing

balance function and preventing falls and related injuries in elderly patients.  ( Mid

Taiwan J Med 2007;12:20-8 )
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