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Background & Purpose: Gait properties change with age due to a decrease in 

leg strength and visual acuity or knee joint disorders. Gait changes commonly 

result from these combined factors. This study aimed to examine the effects of 

knee extension strength, visual acuity, and knee joint pain on gait change for 

181 healthy female older adults (age: 76.1 +/- 5.7 years). 

Methods: Walking speed, cadence, stance t ime, swing time, double support time, 

step length, step width, walking angle and toe angle were selected as gait 

parameters. Knee extension strength was measured by isometric knee extension 

strength, and decreased visual acuity and knee joint pain were evaluated by 

subjective judgment whether or not such factors created a hindrance during 

walking. 

Results: Among older adults without vision problems and knee joint pain that 

affected walking, those with superior knee extension strength had significantly 

greater values of walking speed and step length than those with inferior knee 

extension strength (p < 0.05).  

Persons with visual acuity problem had more cadence and shorter stance 

time. In addit ion, persons with pain in both knees showed slower walking speed 

and longer stance time and double support time. 

Conclusion: A decrease of knee extension strength and visual acuity, and knee 

joint pain are factors affecting gait in the female older adults. 

Decreased knee extension strength and knee joint pain mainly affect respective 

distance and t ime parameters of the gait. 

 

Keywords: Gait; Human locomotion; Older adults 
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Introduction 

 

Walking is an important element for various daily living activit ies. Gait 

properties that can assess walking quant itat ively may be a simple measure for 

evaluat ing overall human health. 1  In old age, various physical funct ions 

including leg strength, joints, and visual acuity, decrease and great ly affect gait.  

It was reported that a gait change with age also relates to falls. 2-4  In addit ion, 

gait has been used as an indicator for predicting the risk of disease and death in 

older adults. 3 

As concrete parameters of gait properties, generally, stance time, swing 

time, step length, and step width including walking speed and cadence, have 

been used. 5,6  The following changes have been reported to occur in walking 

with aging: a decrease in walking speed, 5,7  an increase in single leg support time 

and a decrease in double leg support time during total contact time, 8  and 

shortness of step length. 9 

The main factors related to gait change in old age include leg muscle 

funct ion, 10-12  vision funct ion, 13,14  and knee joint function. 15,16  Among others, 

there are many reports concerning the effect of a decrease in leg strength on gait. 

10-12 

Visual informat ion is important for stable walking, and a decrease of visual 

funct ion (e. g. low visual acuity) produces disadvantage in achievement of daily 

living act ivit ies. 17  In the case of older adults, it was reported that a decrease in 

visual acuity increases the risk of falls. 18-20  Elliott et al. 21  confirmed that 

walking speed and cadence decreased when young healthy persons with 
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simulated cataracts walked in dim light, and Moe-Nilssen et al. 22  reported that a 

sudden reduct ion from normal to marginal light ing while walking induced gait 

change. 

Addit ionally, leg joints play an important role in gait as walking is a 

movement that primarily requires use of the lower limbs. In old age, knee joint 

funct ion decreases, and patients with knee osteoarthrit is have slower walking 

speed, and slower cadence, or shorter step length, and longer stance time. 23,24  

Kaufman et al. 25  confirmed that compared with healthy subjects, knee 

osteoarthrit is pat ients walk with a lower knee extension moment to reduce knee 

strain. Generally, older adults have suppressed joint function. About 25% of 

older adults aged 55 or over, including knee osteoarthrit is pat ients, complain of 

knee joint pain. 26,27  Knee joint pain greatly affects walking. 28 

In this way, it is considered that vision problems and knee joint pain, in 

addit ion to decreased leg strength are important factors affect ing gait. 

In old age, it is commonly the case that many physical funct ions decrease 

simultaneously. In short, older adults generally have some problems (e. g. 

decrease of leg strength and vision funct ion, and knee joint pain) which affect 

gait. When examining older adults with vision problems and knee joint pain in 

addit ion to leg strength as subjects, it  is difficult to ident ify the specific factor 

that affects a gait change. Not only leg strength, but also vision problem or knee 

joint pain may be involved in gait change. 

  This study aimed to examine the effects of knee extension strength, visual 

acuity, and knee joint pain on gait change in older adults by considering 

synergies among these factors. 
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Materials and Methods 

Subjects 

The subjects that part icipated in this study were 181 healthy, 

community-dwelling female older adults. Table 1 shows their age and physical 

characteristics. All subjects part icipated in health class or social educat ional 

act ivit ies that were hosted by municipal governments. In addit ion, their ADL 

score was very high (Ministry of Educat ion, Culture, Sports, Science & 

Technology). Hence, they were judged to have high independence in daily 

act ivit ies because many of them engaged in leisure activity and work. Before the 

measurements, the purpose and procedure of this study were explained in detail 

and informed consent was obtained from all subjects. In addit ion, this study was 

approved by the Ethics Committee on Human Experimentat ion of Faculty of 

Educat ion, Kanazawa University (Ref. No. 19-17). 

 

*** Table 1 near here *** 

 

Testing Protocol 

 Gait Property 

Gait properties were measured by a gait analysis system Walk Way 

MG-1000 (Anima, Japan) referenced to a Demura and Demura’s 6  method. 

The MG-1000 with plate sensors can determine t ime, dimensions and the 

distance of the foot or feet when the foot touched its surface and can measure 
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grounding/non-grounding on the bearing surface as an on/off signal. Data 

were recorded into a personal computer at 100 Hz. Subjects walked 12m road 

(wooden floor) with above sensors with voluntary maximum speed. The 

analysis interval was from 4m to 8m. 

 

Factors  

Leg strength:(The effect of knee extension strength 

   Knee extension strength was selected for assessing leg strength. 29  

During measurement of isometric knee extension strength, the subjects were 

seated upright in a rigid chair with knees flexed an angle of 90° and with the 

lower legs strapped in a pad just above the ankle, attached by a backward 

rigid bar to a tension meter attachment (T.K.K.1269f; Takei Scient ific 

Instruments Co. Ltd., Japan). In addit ion, the subjects folded their arms on 

their chest. The subject was asked to extend the knee as far as possible and to 

maintain it for 3 seconds. Each of the subjects’ legs was measured twice at 

intervals of greater than thirty seconds. It was difficult to adequately judge 

whether knee extension strength of older adults is superior or inferior because 

there were litt le data on their knee extension strength measured with the same 

method. Hence, superior and inferior groups in knee extension strength were 

made up among subjects measured in this study. In short, based on mean value 

(Mean) and standard deviation (SD), subjects were divided into three groups 

with different knee extension strength (Inferior group: Inferior < Mean-1SD, 

Middle group: Mean-1SD < Middle < Mean+1SD, Superior group: Mean+1SD 

< Superior) 
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Visual acuity: The effect of subjective visual acuity problems 

   In old age, a decrease in visual funct ion greatly affects gait. Persons who 

were selected in this study for visual acuity found it difficult to read 

characters or see people’s faces, and felt hindered in their gait. Many of older 

adults interfere with walking due to narrow visual field even if having normal 

eyesight. Hence, in this study, it was judged that there is an adequate method 

to ask whether older adults feel totally trouble in actual walking. Incidentally,  

such index about visual acuity has been used also in fall risk survey. 30 

 

Knee joint pain: The effect of subjective knee joint pain 

 Having knee joints with orthopedic disorders affect walking. 23,24  It was 

also assumed that subject ive knee pain affects walking. 28  Referring Sugiura 

and Demura‘s 1  method, Persons with knee joint pain were divided into those 

who had pain in one knee joint or those who had pain in both knee joints. 

 

Parameters 

Gait variability (Temporal and spatial parameters) 

The following 9 gait parameters were selected in reference to previous 

studies: 6  walking speed, cadence, stance t ime, swing time, double support 

time, step length, step width, walking angle,  and toe angle. 

 

Walking speed: walking distance per second (cm/sec). 

Cadence: the number of steps per minute (steps/min).  
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Stance t ime: the duration that the body is supported by one or both feet, that 

is, the phase in which one foot or both feet contact the floor.   

Swing t ime: the durat ion that one foot swings, that is, one foot leaves the 

floor. This t ime agrees with a single support time (sec).  

Double support time: the durat ion in which both feet contact the floor (sec).    

Step length: the distance between anterior-posterior patterns (one step 

length).   

Step width: the distance between both feet (cm).   

Walking angle: the angle between the direct ion of movement and bilateral 

pattern line (°).   

Toe angle: the angle between the direction of movement and the foot axis 

(°). 

 

Data Analysis 

  Older adults usually have a decrease in knee extension strength and vision 

problems or else knee joint pain simultaneously. The effect of the other factors 

was controlled to examine the unique effect of each factor. 

 

 The effect of knee extension strength on gait (F1) 

  To examine effect of leg strength on gait, mean differences of gait 

parameters among three groups with different knee extension strength 

(inferior, middle, and superior, divided by mean and SD) for subjects without 

a visual acuity problem and knee joint pain were tested using one-way 

analysis of variance (ANOVA). 
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 The effect of subjective visual acuity problem on gait (F2) 

To examine effect of the visual acuity problem on gait, mean differences in 

gait parameters between groups with/without visual acuity problems for 

subjects without knee joint pain were tested using a t-test. 

 

 The effect of subjective knee joint pain on gait (F3) 

  To examine effect of knee joint pain on gait, mean differences of gait 

parameters between groups with/without knee joint pain for subjects without 

visual acuity problem were tested using one-way analysis of variance 

(ANOVA). 

In addit ion, if significant differences were found in age, height, weight, and 

knee extension strength, gait parameters were tested using analysis of 

covariance. A Tukey’s HSD (Honestly Significant Difference) method was 

selected for mult iple comparisons. The probability level of 0.05 was 

indicat ive of statist ical significance.  

 

 

Results 

The effect of knee extension strength on gait (F1) 

  Table 2 shows the basic statist ics and results of one-way analysis of 

variance (ANOVA) for gait parameters among three groups with different knee 

extension strength (inferior, middle, and superior, divided by mean and SD) for 

subjects without visual acuity problem and knee joint pain. Walking speed and 
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step length was significant ly larger in the superior group than in the middle and 

inferior groups. 

 

*** Table 2 near here *** 

 

The effect of subjective visual acuity problems on gait (F2) 

Table 3 shows the basic stat ist ics and results of the t-test for gait 

parameters between those with and without visual acuity problems for subjects 

without knee joint pain. Persons with visual acuity problems as compared with 

those without them showed a larger value in cadence and a less value in stance 

time. 

 

*** Table 3 near here *** 

 

The effect of subjective knee joint pain on gait (F3) 

  Table 4 shows the basic statist ics and results of one-way ANOVA for gait 

parameters among the three groups with different knee joint pain (one knee, 

both knee, and none) for subjects without visual acuity problems. Because 

significant differences were found in body mass and knee extension strength 

analysis of covariance was used. Walking speed is faster in persons with pain in 

both knees as compared with persons without knee pain. Persons with pain in 

both knees as compared with persons with pain in one knee or no pain showed a 

larger value in stance t ime and double support time. 
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*** Table 4 near here *** 

 

 

Discussion 

The effect of knee extension strength on gait 

  In examining for older women without visual acuity problems and knee 

joint pain, those with superior knee extension strength had significant ly larger 

values in walking speed and step length than those with inferior knee extension 

strength. It has been reported that gait properties in older adults include a 

decrease in step length and an increase in double support t ime and step 

width. 32,33  Patla 34  reported that these gait propert ies in older adults, which 

differ from younger people, may contribute to increased walking stability.  

  A decrease in leg strength is closely related to a decrease in walking speed 

and is considered to be a main cause of gait change with age. 35,36  Ferrandez et 

al. 37  reported that if walking speed is the same, gait movements in older adults 

will not be largely different from those of young adults. From the above, 

similarly to results of previous studies, 10-12  it is judged that knee extension 

strength contributes closely to a decrease in walking speed and step length. 

 

The effect of subjective visual acuity problem on gait 

  It was reported that fall risk in older adults increases with a decrease in 

visual acuity. 18,38,39  However, there are also reports that there was no 

relat ionship between visual acuity and the fall risk when considering factors 

such as age. 3,40 
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  On the other hand, walking speed decreased when young persons with 

simulated cataract walked in dim light. 21  Furthermore, a sudden change from 

normal to marginal light ing induces gait change, but gait characterist ics are 

nearly normalized due to the adaptation to darkness during the first 90 seconds, 

suggest ing that the darkness itself does not cause the gait changes. 22  Also in this 

study, cadence was more and stance t ime was shorter due to visual acuity 

problem. However, the above will be necessary to examine carefully because 

older women with visual acuity problems as compared with older women 

without them showed faster walking speed and wider step length, although 

significance was not found. In addit ion, the following may affect also the 

present result; there was no task in which subjects recognize an obstacle in 

which visual acuity is affected due to using a flat walkway in this study. 

 

The effect of subjective knee joint pain on gait 

  Al-Zahrani and Bakheit 23  and Bejek et al. 24  reported that osteoarthiris 

patients show a decrease in walking speed and step length, and an increase in 

stance time. In addit ion, an increase in step width is found as one of the features 

of abnormal gait in people with disorders. 33  Gehlsen and Whaley41  reported that 

older adults with fall history have significantly larger step width than those 

without it. Hence, step width may be an efficient means of judging abnormal 

gait. 

  Moreover, Bejek et al. 24  reported that osteoarthrit is pat ients, when walking 

with fast speed compared to slow speed, show a more prominent gait change due 
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to the effects of pain.  

In this study, older women with pain in both knees showed slow walking 

speed and long stance t ime and double support time. This gait changes are 

similar to those reported by Bejek et al. 24  In addition, it  is considered to be one 

of characterist ics in persons with subject ive knees joint pain because the above 

parameters are mainly ones regarding t ime. 

 

 

Conclusion 

  This study examined the effects of knee extension strength, subject ive 

visual acuity and subject ive knee joint pain on gait change in older adults. 

Older adults with superior knee extension strength can walk at a faster 

speed and with longer step length than older adults with inferior knee extension 

strength. Persons with visual acuity problems had more cadence and shorter 

stance time. In addit ion, persons with pain in both knees showed slower walking 

speed and longer stance t ime and double support t ime. 

  In conclusion, a decrease of knee extension strength and visual acuity, and 

knee joint pain are factors affect ing gait in the female older adults. Decreased 

knee extension strength and knee joint pain mainly affect respect ive distance 

and t ime parameters of the gait. 

 

Acknowledgements 

Research funds were not provided by any inst itut ion. 

 
 



- 13 - 
 

References 

 

 1. Tang hai-peng, Toyoshima S, Hoshikawa T. Characterist ics in walking 

kinemat ics of elderly before one year of death. J Soc Biomech Jpn. 2002; 

26(1): 40-44. [In Japanese with English Abstract] 

 2. Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallage RB. 

Lower-extremity funct ion in persons over the age of 70 years as a predictor 

of subsequent disability. N Eng J Med. 1995; 332: 556-561. 

 3. Gerdhem P, Ringsberg KA, Akesson K, Obrant KJ. Clinical history and 

biologic age predicted falls better than objective funct ional tests. J Clin 

Epidemiol. 2005; 58: 226-232. 

 4. Ganz DA, Bao Y, Shekelle PG, Rubenstein LZ. Will my pat ient fall? JAMA. 

2007; 297(1): 77-86. 

 5. Murray MP, Kory RC, Clarkson BH. Walking patterns in healthy old men. J 

Gerontol. 1969; 24: 169-178. 

 6. Demura T, Demura S. Relat ionship among gait parameters while walking 

with varying loads. J Physiol Anthropol. 2010; 29 (1), 29-34. 

 7. Murray MP, Kory RC, Sepic SB. Walking patterns of normal women. Arch 

Phys Med Rehabil. 1970; 51: 637-650 

 8. Kaneko M, Morimoto Y, Kimura M, Fuchimoto K, Fuchimoto T. A kinemat ic 

analysis of walking and physical fitness in elderly women. Can J Sport Sci. 

1991; 16(3): 223-228 

 9. Larish DD, Martin PE, Mungiole M. Characteristic patterns of gait in the 

 
 



- 14 - 
 

healthy old. Ann N Y Acad Sci. 1988; 515: 18-32. 

10. Murray MP, Duthie EH, Gambert SR, Sepic SB, Mollinger LA. Age-related 

differences in knee muscle strength in normal women. J Gerontol. 1985; 

40(3): 275-280. 

11. Frontera WR, Hughes VA, Lutz KJ, Evans WJ. A cross-sect ional study of 

muscle strength and mass in 45- to 78-yr-old men and women. J Appl 

Physiol. 1991; 71(2): 644-650. 

12. Manini TM, Clark BC, Nalls MA, Goodpaster BH, Ploutz-Snyder LL, Harris 

TB. Reduced physical act ivity increases intermuscular adipose tissue in 

healthy young adults. Am J Clin Nutr. 2007; 85(2): 377-384. 

13. Marron JA, Bailey IL. Visual factors and orientat ion-mobility performance. 

Am J Optom Physiol Opt. 1982; 59(5): 413-426. 

14. Coleman AL, Stone K, Ewing SK, Nevitt M, Cummings S, Cauley JA, 

Ensrud KE, Harris EL, Hochberg MC, Manqione CM. Higher risk of 

mult iple falls among elderly women who lose visual acuity. Ophthalmology. 

2004; 111(5): 857-862. 

15. Andriacchi TP, Andersson GB, Fermier RW, Stem D, Galante JO. A study o f 

lower-limb mechanics during stair-climbing. J Bone Joint Surg Am. 1980; 

62: 749-757. 

16. Riener R, Rabuffet i M, Frigo C. Stair ascent and descent at different 

inclinat ions. Gait Posture. 2002; 12: 143-155. 

17. Singh MM, Malhotra HS. Falls in the elderly – clinician’s approach. J Indian 

Med Assoc. 2003; 101(7): 420, 422, 424 passim. 

 
 



- 15 - 
 

18. Nevitt M, Commings S, Kidd S, Black D. Risk factors for recurrent  

non-syncopal falls. JAMA. 1989; 261: 2663-2668. 

19. Lord SR, Ward JA, Williams P, Anstey K. Physiological factors associated 

with falls in older community-dwelling women. J Am Geriatr Soc. 1994; 42: 

1110-1117. 

20. Klein BEK, Moss SE, Klein R, Lee KE, Cruikshanks KJ. Associations of 

visual funct ion with physical outcomes and limitat ions 5 years later in an 

older populat ion. The Beaver Dam Eye Study. 2003; 110: 644-650. 

21. Elliott DB, Bullimore MA, Patla AE, Whitaker D. Effect of a cataract 

simulat ion on clinical and real world vision. Br J Ophthalmol. 1996; 80(9): 

799–804. 

22. Moe-Nilssen R, Helbostad JL, Akra T, Birdedal L, Nygaard HA. Modulation 

of gait during visual adaptat ion to dark. J Mot Behav. 2006; 38: 118-125. 

23. Al-Zaharni KS, Bakheit AM. A study of the gait characteristics of pat ients 

with chronic osteoarthrit is of the knee. Disabil Rehabil. 2002; 24 (5): 

275-280. 

24. Bejek Z, Paroczai R, Illyes A, Kiss RM. The influence of walking speed on 

gait parameters in healthy people and in patients with osteoarthrit is. Knee 

Surg Sports Traumatol Arthrosc. 2006; 14(7): 612-622. 

25. Kaufman KR, Hughes C, Morrey BF, Morrey M, An KN. Gait characterist ics 

of patients with knee osteoarthrit is. J Biomech. 2001; 34(7): 907-915. 

26. McAlindon TE, Cooper C, Kirwan JR, Dieppe PA. Knee pain and disabilit y 

in the community. Br J Rheumatol. 1992; 31: 189-192. 

 
 



- 16 - 
 

27. Peat G, McCarney P, Croft P. Knee pain and osteoarthrit is in older adults: a 

review of community burden and current use of primary health care. Ann 

Rheum Dis. 2001; 60: 91-97. 

28. Dieppe P, Lim K. Osteoarthrit is and related disorders: clinical features and 

diagnost ic problems. In: Dlippel JH, Kieppe PA, eds. Rheumatology. 2nd ed. 

Ipswich (UK): Mosby; 1998: 8.3.1-10.5. 

29. Nishijima T, Koyama R, Naito I, Hatakeyama S, Yamasaki H, Oku T. 

Relat ionship between knee extension muscle strength and walking ability in 

the elderly patients. Rigakuryoho Kagaku. 2004; 19(2): 95-99. [In Japanese]  

30. Demura S, Susumu S, Yokoya T, Sato T. Examinat ion of useful items for the 

assessment of fall risk in the community-dwelling elderly Japanese 

populat ion. Environ Health Prev Med. 2010; 15: 169-179. 

31. Sugiura H, Demura S. Effect of knee joint pain and knee joint disorder on 

knee extension strength and walking ability in the female elderly. Adv Phys 

Edu. 2012; 2(4): 139-143. 

32. Hageman PA, Blanke DJ. Comparison of gait of young women and elderly 

women. Phys Ther. 1986; 66: 1382-1387. 

33. Yamagishi T, Tokuda T. Geriatric gait – photometric analysis. Jap J Reh Med. 

1975; 12: 97-104. [In Japanese with English Abstract] 

34. Patla AE. Understanding the roles of vision in the control of human 

locomotion. Gait Posture. 1997; 5(1): 54-69. 

35. Daubney ME, Culham EG. Lower-extremity muscle force and balance 

performance in adults aged 65 years and older. Phys Ther. 1999; 79(12): 

 
 



- 17 - 
 

1177-1185 

36. den Ouden MEM, Schuurmans MJ, Arts IEMA, van der Schouw YT. Physical 

performance characterist ics related to disability in older persons: A 

systemat ic review. Maturitas. 2011; 69(3): 208-219. 

37. Ferrandez AM, Paihous J, Durup M. Slowness in elderly gait. Exp Aging Res. 

1990; 16(2): 79-89 

38. Bergland A, Jarnlo GB, Laake K. Predictors of falls in the elderly by 

locat ion. Aging Clin Exp Res. 2003; 15: 43-50. 

39. Klein BEK, Moss SE, Klein R, Lee KE, Cruikshanks KJ. Associations of 

visual funct ion with physical outcomes and limitat ions 5 years later in an 

older populat ion. The Beaver Dam Eye Study. 2003; 110: 644-650. 

40. Chu LW, Chi I, Chiu AY. Incidence and predictors of falls in the Chinese 

elderly. Ann Acad Med Singapore. 2005; 34: 60-72. 

41. Gehlsen GM, Whaley MH. Falls in the elderly: partⅠ , gait. Arch Phys Med 

Rehabil. 1990; 71(10): 735-738. 

 

 
 



- 1 - 
 

 

 

 

 

 

 

 

 

  n = 181   Mean SD Max Min   

  Age (years) 76.1  5.70  93.0  62.0    

 
Height (cm) 

 
147.2  5.68  161.4  129.0  

 

 
Weight (kg) 

 
49.8  7.90  70.9  31.0  

 
  Knee extension strength (kg)   6.8  2.00  13.5  1.9    

 
Prevalence of visual acuity problems (%) 

 
With : 38  (21%)  Without : 143 (79%)  

 
  Prevalence of knee pain (%)   One : 62  (34%), Both :  37  (20%), None :  82  (45%)  

 
With/Without: Per sons with /without vi sual acuity problem,  

    

 
One/Both/None:  Persons with one-/both-/no knee pain  

    

Table 1. Characteristics of subjects (Female: 181) 
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Knee extension strength  

(Mean +/ - 1SD)  

  Inf (n=8)   Mid (n=46)   Sup (n=8)   ANO VA   Post H oc     

 
Mean SD 

 
Mean SD 

 
Mean SD 

 
F p  

 
Tukey 's H SD  

  
  Knee ext str ength    (kg)    4 .21   0 .48     7 .06   1 .13     11 .0   1 .58     77 .5   0 .00   *    Inf < Mid < Sup  

 
    

  Age   (year s)    80 .1   6 .49     75 .1   6 .66     77 .2   6 .72     2 .30   0 .11           
  

 
Height  

 
(cm)  

 
145.0   4 .98   

 
146.3   6 .21   

 
147.6   3 .37   

 
0 .45   0 .64   

      
  Weight    (kg)    48 .6   7 .92     46 .7   7 .34     48 .9   8 .06     0 .47   0 .63           

  

 
Walking speed 

 
(cm/sec)  

 
160.2   35 .66  

 
165.7   31 .2   

 
202.7   24 .80  

 
5 .85   0 .01   *  

 
Inf, Mid < Sup     

 
Cadence 

 
(st eps/min)  167.3   19 .36  

 
160.5   19 .2   

 
173.5   19 .82  

 
1 .95   0 .15   

      
  Stance time   

(sec)  

  0 .42   0 .06     0 .43   0 .06     0 .39   0 .05     2 .04   0 .14               

 
Swing time 

  
0 .31   0 .03   

 
0 .33   0 .03   

 
0 .32   0 .03   

 
1 .61   0 .21   

      
  Double support  t ime   0 .05   0 .02     0 .06   0 .02     0 .04   0 .01     2 .35   0 .10               

 
Step l ength  

 (cm)   
57 .3   9 .22   

 
61 .9   9 .23   

 
70 .4   7 .54   

 
5 .04   0 .01   *  

 
Inf, Mid < Sup 

 

 
Step width  

  
7 .97   2 .76   

 
7 .02   2 .76   

 
7 .26   2 .09   

 
0 .48   0 .62   

      
  Walking angle    

(°)  
  8 .18   2 .94     6 .70   3 .08     5 .96   1 .90     1 .40   0 .26               

  Toe angle      2 .82   4 .42     3 .09   3 .09     4 .19   3 .17     0 .49   0 .62               

 
Low : < Mean-1SD, Mid : Mea n-1SD < Mid < Mean+1SD, High : > Mean+1SD,   

         

 
Knee ext str ength: Knee extension strength,   *: p < 0 .05 

             

Table 2. The basic statistics and results of ANOVA for gait parameters among three groups with different knee 
extension strength groups 
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Can you see well?  

(newspaper, people’s faces, etc.) 

  Yes (n=19)   No (n=64)   t-test   

  Mean SD   Mean SD   t p 

 
Age (years) 

 
77.6  4.73  

 
76.1  6.78  

 
0.92  0.36  

 

 
Height (cm) 

 
146.3  6.40  

 
146.3  5.71  

 
-0.03  0.97  

 

 
Weight (kg) 

 
47.4  8.62  

 
47.2  7.44  

 
0.06  0.95  

 
  Knee extension strength (kg)   6.8  1.72    7.2  2.11    -0.72  0.48    

  Walking speed (cm/sec)   155.2  30.55    170.1  33.39    -1.74  0.09    

 
Cadence (steps/min) 152.8  17.61  

 
163.3  19.60  

 
-2.10  0.04  * 

  Stance time 

(sec) 

  0.44  0.07    0.42  0.06    2.41  0.02  * 

 
Swing time 

 
0.34  0.03  

 
0.33  0.03  

 
1.09  0.28  

 
  Double support time   0.07  0.03    0.05  0.02    2.10  0.04    

  Step length 
(cm) 

  60.6  8.24    62.4  9.59    -0.75  0.46    

  Step width   8.07  2.83    7.19  2.66    1.25  0.22    

 
Walking angle 

(°)  
7.78  3.09  

 
6.80  2.96  

 
1.25  0.22  

 
  Toe angle   2.89  4.33    3.21  3.28    -0.35  0.73    

 
*: p < 0.05 

           

Table 3. The basic statistics and results of t-test for  gait parameters between groups with and 

without vision acuity problems 
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Knee  j oint  pai n  
One (n=48)    Both (n=31)    None (n= 64)    AN OV A   ANC OV A   Post  Hoc     

Mean  SD 
 

Mean  SD 
 

Mean  SD 
 

F p 
 

F p   Tuke y's  HSD    
 

  Age    (ye ars)  75.6   4.75     77.0   5.85     76.1   5.93     0.55   0.58             
     

 
Hei ght  

 
( cm)  148. 8  5.52   

 
147. 1  6.09   

 
146. 3  5.70   

 
2.77   0.07   

          

 
Wei ght  

 
(kg)  52.2   7.88   

 
51.8   6.90   

 
46.5   9.45   

 
7.73   0.00   * 

 
covari ate  

     
  Knee  ext  st rength    (kg)  6.8  2.04     6.2  2.14     7.2  2.11     2.36   0.10                   

 
Wal king speed  

 
( cm/se c)  166. 7  28.4   

 
151. 8  38.6   

 
170. 1  33.4   

 
3.32   0.04   * 

 
3.50   0.03   * 

 
Both < None 

 

 
Cadence  

 
( steps/min)  163. 3  24.7   

 
152. 9  24.3   

 
163. 3  22.7   

 
2.58   0.08   

  
2.45   0.09   

      
  Stance  t i me   

( sec)  

0.43   0.06     0.48   0.09     0.42   0.06     5.69   0.00   *   5.26   0.01   *   Both > None,  One  
 

 
Swing t ime  

 
0.32   0.04   

 
0.34   0.46   

 
0.33   0.03   

 
1.21   0.30   

  
1.28   0.28   

      
  Double  s upport  t ime    0.06   0.02     0.07   0.04     0.05   0.02     6.36   0.00   *   5.24   0.01   *   Both > None,  One  

 

 
Step length  

 ( cm)  
61.5   7.77   

 
59.1   9.72   

 
62.4   9.59   

 
1.43   0.24   

  
1.86   0.16   

      

 
Step wi dth  

 
7.02   2.62   

 
8.14   2.82   

 
7.19   2.66   

 
1.80   0.17   

  
1.70   0.19             

 
  Wal king angle    

( °)  
6.92   2.79     8.23   3.60     6.80   2.96     2.50   0.09       2.41   0.09   

      
  Toe  angle    2.67   4.02     3.55   4.02     3.21   3.28     0.58   0.56       0.74   0.48               

 
One:  Pe rsons with  one  knee  pain  on knee  joints ,  Bot h:  Persons with both  knee  pain on knee  joi nts ,   

          

 
None:  Pers ons  wit hout  knee  pain on knee  joi nts ,  Knee  ext  st re nght :  Knee  extension st rengt h  

          

Table 4. The basic statistics and results of ANOVA for gait parameters among the three groups with knee joint pain  

 
 


