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ABSTRACT 

The purpose of this study was to examine the 
combined effects of knee extension strength 
(KES), visual acuity (VA), and knee joint pain (KP) 
on gait in 212 older women. Including, walking 
speed, cadence, were selected as gait parame- 
ters. Knee extension strength was measured by 
isometric knee extension strength, while knee 
joint pain and decreased visual acuity were eva- 
luated by subjective judgment. The combine ef- 
fect of KP and KES factors was examined. Stance 
time was significantly longer in persons with 
both-KP than in persons with no KP. In addition, 
people with superior KES had significantly great- 
er values in walking speed, cadence, and step 
length, and lower values in stance time and walk- 
ing angle than those with inferior KES. Further- 
more, double support time showed that persons 
with both-KP have significantly greater values 
than persons with no or one-KP in the inferior 
KES group. Also, persons with the inferior KES 
had significantly greater values in persons with 
both-KP. The combine effect of KES and VA fac- 
tors was examined. There are significant differ- 
ences between the superior and the inferior KES 
groups. In conclusion, the elderly with both the 
factors of decreasing KES and both-KP, as com- 
pared to the elderly with just one of those fac- 
tors, have markedly different gait properties. 
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1. INTRODUCTION 

Recently, the elderly population in Japan has greatly 
increased, resulting in a greater interest in the health 
problems of the elderly. Often, when the elderly fall, it 
causes fracturing of the femoral neck [1], and thus re- 
quires them to enter a care facility [2], which, in turn, 
causes a decrease in healthy life expectancy, or QOL 

(Quality of Life). Risk factors for falls include advanced 
age (aged 80 years or older), an abnormal gait, a decrease 
in balance ability, cognitive impairment, and/or a diag- 
nosis of Parkinson’s disease [3]. Falls occur mostly while 
walking; therefore, walking is one of the fundamental 
daily living activities that has been frequently studied. 

The following changes in walking occur as a person 
ages: a decrease in walking speed [4,5], a change in the 
ratio of single leg and double leg support times in the 
total contact time [6], and a decreased step length [6]. It 
was reported that these gait changes in old age are also 
related to falls [7-9]. In addition, a person’s gait has been 
used as an indicator for predicting the risk of disease and 
death among the elderly [8]. 

Decreases in various physical functions such as leg 
strength, leg joint performance, and visual acuity affect 
gait in old age. Specifically, there are many reports on 
the effects of decreased leg strength on gait [3,10-12]. 
Additionally, visual information is important for stable 
walking, and a decrease in visual function (e.g., low vis- 
ual acuity) inhibits the achievement of daily living ac- 
tivities [13]. According to Elliott et al. [14] and Moe- 
Nilssen et al. [15], temporary restriction of visual infor- 
mation induces gait change. It was reported that a de- 
crease in visual acuity in the elderly increases the risk of 
falls [2,16,17]. 

On the other hand, leg joints play an important role in 
gait because walking is a movement that mainly uses the 
lower limbs. Knee joint function decreases in old age, 
and patients with knee osteoarthritis have slower walking 
speed and a slower cadence, or shorter step length, and 
longer stance time[18,19]. Kaufman et al. [20] confirmed 
that knee osteoarthritis patients, as compared with heal- 
thy subjects, walk with a shorter knee extension moment 
to reduce knee strain. Generally, the elderly have de- 
creased joint function. About 25% of the elderly aged 55 
or over, including knee osteoarthritis patients, complain 
of knee joint pain [21,22]. Knee joint pain greatly affects 
walking [23]. Noro et al. [24] pointed out that mild knee 
pain may lead to “gait disorder”, which causes an inabil- 
ity to walk smoothly. 

Thus vision problems and knee joint pain, in addition 
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to decreased leg strength, are considered to be important 
factors affecting gait. In addition, it is assumed that per- 
sons with multiple factors at once experience more dif- 
ficulty walking than persons with one factor or none. 

This study aimed to examine the combined effects of 
knee extension strength, visual acuity, and knee joint 
pain on gait in elderly women. 

2. MATERIALS AND METHODS 

2.1. Subjects 

The subjects were 212 healthy, community-dwelling 
older women. Table 1 shows their age and physical char- 
acteristics. All subjects participated in health classes and/ 
or social educational activities that were hosted by muni- 
cipal governments. They were judged to have high inde- 
pendence in daily activities because many of them en- 
gaged in leisure activity and work. Before the meas- 
urements were made, the purpose and procedure of this 
study were explained in detail and informed consent was 
obtained from all subjects. In addition, this study was ap- 
proved by the Ethics Committee on Human Experimen- 
tation of Faculty of Education, Kanazawa University 
(Ref. No. 19-17). 

2.2. Testing Protocol 

2.2.1. Gait Property 
Gait properties were measured by the gait analysis 

system Walk Way MG-1000 (Anima, Japan) referenced 
in Demura & Demura’s [25] method. The MG-1000 with 
plate sensors can determine the time, dimensions and dis- 
tance of the foot or feet when touching its surface, and 
measure grounding/non-grounding on the bearing surface 
as an on/off signal. Data was recorded into a personal 
computer at 100 Hz. Subjects walked a 12 meter path 
with the above sensors at voluntary maximum speed. The 
analysis interval was approximately 4 m to 8 m. 

2.2.2. Factors 
1) Leg Strength 

 
Table 1. Characteristics of subjects (Female: 212). 

n = 212 Mean SD Max Min 

Age (years) 76.1 5.75 93.0 62.0 

Height (cm) 147.1 5.72 161.4 129.0

Weight (kg) 49.8 7.68 70.9 31.0 

Knee extension 
strength 

(kg) 6.8 2.05 13.5 1.9 

Prevalence of visual 
acuity problems 

(%) With: 48 (23%) 
Without: 164 

(77%) 

Prevalence of knee 
pain 

(%) 
One: 71 (34%), Both: 45 (21%), No: 

96 (45%) 

With/Without: Persons with/without visual acuity problem, One/Both/No: 
Persons with one-/both-/no knee pain. 

Knee extension strength was selected for assessing leg 
strength [26]. During measurement of isometric knee 
extension strength, the subjects were seated upright in a 
rigid chair with knees flexed at an angle of 90˚, and with 
the lower legs strapped in a pad just above the ankle and 
held in place by a backward rigid bar to a tension meter 
attachment (T.K.K.1269f; Takei Scientific Instruments 
Co. Ltd., Japan). In addition, the subjects folded their 
arms on their chest. A tester adjusted the pad so as not to 
move, and 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 greater 
than thirty seconds. A mean of their values was used as 
an evaluation value. Based on mean value (Mean), sub- 
jects were divided into two groups with different knee 
extension strength (Inferior group: Inferior score < Mean, 
Superior group: Superior score > Mean). 

2) Visual Acuity 
In old age, a decrease in visual function greatly affects 

gait. Persons with visual acuity problems selected in this 
study had difficulty reading characters or seeing people’s 
faces, and also felt hindered in their gait (with visual 
acuity problem group). The visual acuity problems were 
examined in advance.  

These indicators of visual acuity were also used in a 
fall risk survey [27]. 

3) Knee Joint Pain 
Knee joints with orthopedic disorders affect walking 

[18,19]. It was also assumed that subjective knee pain 
affects walking [23]. Knee problems were examined be- 
fore measurement. Subjects were divided into those with 
pain in one knee joint (unilateral knee pain group) those 
with pain in both knee joints (bilateral knee pain group), 
and those without knee pain (non-knee pain group). 

2.3. Parameters 

Gait Variability (Temporal and Spatial  
Parameters) 

The following 9 gait parameters were selected in ref- 
erence to previous studies [25]: walking speed, cadence, 
stance time, 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). 
Stance time: 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 time: the duration that one foot swings, that is, 
one foot leaves the floor. This time agrees with a single 
support time (sec). 

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

Step length: the distance between anterior-posterior 
patterns (one step length). 
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Step width: the distance between both feet (cm). 
Walking angle: the angle between the direction of 

movement and the bilateral pattern line (˚). 
Toe angle: the angle between the direction of move- 

ment and the foot axis (˚). 

2.4. Data Analysis 

The elderly generally have a decrease in knee exten- 
sion strength and vision problems or knee joint pain si- 
multaneously. In this study, focusing on the above three 
factors, the effect of two combined factors on gait was 
examined when controlling the third factor. 

2.4.1. The Combined Effect of Visual Acuity and  
Knee Pain on Gait 

When controlling the effect of knee extension strength 
(analyze as covariate), the differences in mean values 
among six groups according to visual acuity factor (with 
and without visual acuity problem) and knee joint pain 
factor (unilateral, bilateral, and non-knee pain) for gait 
parameters were examined by unpaired two-way analysis 
of variance. 

2.4.2. The Combined Effect of Knee Extension  
Strength and Knee Pain on Gait 

For the elderly without a visual acuity problem, the 
differences in mean values among six groups according 
to knee joint pain factor (unilateral, bilateral, and non- 
knee pain), and knee extension strength factor (the supe- 
rior and inferior knee extension strength) for gait pa-
rameters were examined by unpaired two-way analysis 
of variance. 

2.4.3. The Combined Effect of Knee Extension  
Strength and Visual Acuity on Gait 

For the elderly with non-knee pain, the differences in 
mean values among four groups according to visual acu- 
ity factor (with and without visual acuity problem), and 
knee extension strength factor (the superior and inferior 
knee extension strength) for gait parameters were exam- 
ined by unpaired two-way analysis of variance. 

In addition, if a significant difference was found in age, 
height, and weight, gait parameters were tested using 
analysis of covariance. The Bonferroni method was se- 
lected for multiple comparisons. The statistical SPSS 
package ver. 11.0 (SPSS, America) was used for data 
analysis. A probability level of 0.05 was indicative of 
statistical significance. 

3. RESULTS 

3.1. The Combined Effect of Visual Acuity  
and Knee Pain on Gait 

Table 2 shows the basic statistics and results of un- 

paired two-way analyses of variance for gait parameters 
of six groups according to visual acuity factor (with and 
without visual acuity problem), knee joint pain factor 
(unilateral, bilateral , and non-knee pain), and controlled 
effect of knee extension strength (analyze as covariate). 
Because a significant difference was found in body 
weight, analysis of covariance was used. There was no 
significant difference among groups. 

3.2. The Combined Effect of Knee Extension  
Strength and Knee Pain on Gait 

Table 3 shows the basic statistics of six groups ac- 
cording to knee joint pain factor (unilateral, bilateral, and 
non-knee pain) and knee extension strength factor (supe- 
rior and inferior knee extension strength), and the results 
of unpaired two-way analysis of variance for gait pa- 
rameters in the elderly without visual acuity problems.  
Since significant differences were found in age and body 
weight, analysis of covariance was used. Stance time and 
double support time showed significant primary effect in 
KP, and multiple comparisons showed that stance time is 
longer in persons with bilateral pain as opposed to per- 
sons with no pain. In addition, significant primary effects 
were found in walking speed, cadence, stance time, dou- 
ble support time, step length, and walking angle in the 
knee extension strength factor. The superior KES sub- 
jects scored higher values in walking speed, cadence, and 
step length and lower values in stance time and walking 
angle, as compared with the inferior KES group. 

Double support time showed significant interaction, 
and multiple comparisons revealed that in the inferior 
KES group, it was longer in subjects with bilateral KP 
than those with unilateral KP or non-pain, and that it was 
longer in the subjects with bilateral KP in the inferior 
KES group than those in the superior KES group with 
bilateral KP. 

3.3. The Combined Effect of Knee Extension  
Strength and Visual Acuity on Gait 

Table 4 shows the basic statistics of four groups ac- 
cording to visual acuity factor (with and without visual 
acuity problems) and knee extension strength factor (the 
superior and inferior knee extension strength), and the 
results of unpaired two-way analysis of variance for gait 
parameters in the non-knee pain group. Since a signifi- 
cant difference was found in body weight, analysis of 
covariance was used. Except for toe angle, all parameters 
showed significant differences in the KES factor, and 
compared to the inferior KES group, the superior KES 
group’s results show larger values for walking speed, 
cadence, and step length, and smaller values for stance 
time, swing time, double support time, step width, and 

alking angle. w 
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Table 2. The basic statistics and results of two-way analysis of variance for gait parameters among six groups according to visual 
acuity and knee joint pain factors, considered effect of knee extension strength. 

Visual acuity problem / With Without 2 way-ANOVA ANCOVA 

Knee pain / One Both No One Both No  F value p value F value p value

   n = 17 n = 8 n = 23 n = 54 n = 37 n = 73      

Mean 5.79 7.33 7.14 6.74 6.14 7.16 F1 0.04 0.84 

SD 1.65 1.73 1.96 2.11 2.10 2.04 F2 2.84 0.06 
Knee extension 

strength 
(kg) 

       F3 2.48 0.09 

covariate 

Mean 75.5 74.6 76.1 75.7 77.4 76.1 F1 0.90 0.34 

SD 5.0 1.8 5.8 5.1 5.5 6.7 F2 0.58 0.56 Age (years) 

       F3 0.29 0.75 

Mean 146.0 146.6 147.1 148.1 147.8 146.4 F1 0.83 0.36 

SD 4.9 4.7 6.4 5.7 6.0 5.7 F2 0.18 0.84 Height (cm) 

       F3 0.83 0.44 

 

Mean 50.8 52.5 47.7 51.9 52.0 47.4 F1 0.02 0.89 

SD 8.4 5.0 8.7 7.9 7.0 7.0 F2 8.92 0.00* Weight (kg) 

       F3 0.09 0.92 

covariate 

Mean 150.4 168.0 162.8 165.8 152.9 170.0 F1 - - 0.35 0.56 

SD 29.0 26.8 32.7 28.7 35.5 32.8 F2 - - 0.14 0.87 
Walking 

speed 
(cm/sec) 

       F3 - - 0.70 0.50 

Mean 153.2 160.2 156.9 162.2 153.5 161.6 F1 - - 0.51 0.48 

SD 18.2 15.3 19.6 24.1 21.7 19.6 F2 - - 0.12 0.88 Cadence (steps/min) 

       F3 - - 0.47 0.62 

Mean 0.47 0.44 0.45 0.43 0.47 0.43 F1 - - 0.81 0.37 

SD 0.07 0.05 0.07 0.07 0.08 0.06 F2 - - 0.24 0.79 Stance time (sec) 

       F3 - - 0.99 0.37 

Mean 0.33 0.32 0.34 0.33 0.33 0.33 F1 - - 0.06 0.80 

SD 0.03 0.03 0.03 0.04 0.04 0.03 F2 - - 0.32 0.72 Swing time (sec) 

       F3 - - 0.46 0.63 

Mean 0.07 0.06 0.06 0.06 0.07 0.05 F1 - - 1.74 0.19 

SD 0.02 0.02 0.03 0.02 0.03 0.02 F2 - - 0.50 0.61 
Double 
support 

time 
(sec) 

       F3 - - 0.97 0.38 

Mean 58.6 62.8 61.9 61.5 59.4 63.0 F1 - - 0.05 0.82 

SD 8.0 6.7 8.3 7.8 9.3 9.1 F2 - - 0.28 0.75 Step length (cm) 

       F3 - - 0.36 0.70 

Mean 7.66 7.10 7.79 7.27 8.19 7.15 F1 - - 0.00 0.99 

SD 2.58 2.08 2.69 2.48 2.58 2.51 F2 - - 0.35 0.70 Step width (cm) 

       F3 - - 0.76 0.47 

Mean 7.87 6.56 7.36 7.00 8.20 6.67 F1 - - 0.00 0.98 

SD 3.35 2.41 2.97 2.71 3.31 2.74 F2 - - 0.03 0.97 
Walking 

angle 
(˚) 

       F3 - - 1.03 0.36 

Mean 4.52 2.09 2.70 3.01 2.96 2.91 F1 - - 0.04 0.85

SD 3.39 1.97 4.10 4.02 4.08 3.55 F2 - - 1.66 0.19Toe angle (˚) 

       F3 - - 1.40 0.25

With/Without: Persons with/without visual acuity problem, One/Both/No: Persons with one-/both-/no knee pain, F1: Visual acuity problem, F2: Knee pain, F3: 
Interaction, *: p < 0.05. 
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Table 3. The basic statistics and results of two-way analysis of variance for gait parameters among six groups according to knee joint 
pain and knee extension strength factor for “without acuity problem group”. 

Knee pain  / One Both No ANOVA ANCOVA Post-hoc 

Knee extension strength / 
Sup  

n = 23 
Inf  

n = 31 
Sup 

n = 17
Inf 

n = 20
Sup 

n = 36
Inf 

n = 37
 F value p value F value p value Bonferoni 

Mean 74.4 76.7 74.7 79.7 75.6 76.6 F1 0.84 0.43   

SD 4.37 5.50 5.14 4.86 6.75 6.77 F2 8.32 0.00*   Age (years) 

       F3 1.35 0.26   

Mean 148.3 148.0 148.5 147.2 146.4 146.4 F1 1.55 0.22 - - 

SD 4.99 6.26 5.32 6.58 6.89 4.31 F2 0.32 0.58 - - Height (cm) 

       F3 0.16 0.86 - - 

covariate 

Mean 53.0 51.0 55.6 49.0 48.6 46.3 F1 8.87 0.00*   

SD 6.46 8.77 7.21 5.17 7.73 6.05 F2 9.94 0.00*   Weight (kg) 

       F3 1.36 0.26   

covariate 

Mean 8.68 5.31 8.05 4.52 8.72 5.65 F1 - - 8.59 0.00* One, No > Both

SD 1.31 1.27 1.22 1.02 1.55 1.11 F2 - - 217.51 0.00* 
Knee 

extension 
strength 

(kg) 

       F3 - - 0.24 0.79 
Sup > Inf 

Mean 174.5 159.4 175.4 133.8 181.6 158.8 F1 - - 2.43 0.09 

SD 31.7 24.8 28.0 29.9 29.5 32.3 F2 - - 21.41 0.00* 
Walking 

speed 
(cm/sec) 

       F3 - - 1.71 0.18 

Sup > Inf 

Mean 166.4 159.1 163.9 144.7 167.1 156.2 F1 - - 1.52 0.22 

SD 22.7 25.0 21.1 18.4 19.1 18.8 F2 - - 9.61 0.00* Cadence (steps/min) 

       F3 - - 0.69 0.51 

Sup > Inf 

Mean 0.42 0.44 0.43 0.51 0.41 0.45 F1 - - 3.69 0.03* Both > No 

SD 0.07 0.06 0.06 0.08 0.06 0.07 F2 - - 14.50 0.00* Stance time (sec) 

       F3 - - 1.99 0.14 
Inf > Sup 

Mean 0.32 0.33 0.33 0.34 0.32 0.34 F1 - - 0.36 0.70 

SD 0.04 0.04 0.03 0.05 0.03 0.03 F2 - - 3.73 0.06 Swing time (sec) 

       F3 - - 0.19 0.83 

 

Mean 0.05 0.06 0.05 0.08 0.05 0.06 F1 - - 4.02 0.02* 
Inf: Both > One, 

No 

SD 0.02 0.02 0.02 0.04 0.02 0.02 F2 - - 17.70 0.00* Both: Inf > Sup

Double 
support 

time 
(sec) 

       F3 - - 4.14 0.02*  

Mean 62.9 60.5 64.2 55.3 65.3 60.9 F1 - - 1.29 0.28 

SD 7.76 7.72 5.85 9.76 7.91 9.66 F2 - - 8.81 0.00* Step length (cm) 

       F3 - - 1.25 0.29 

Sup > Inf 

Mean 6.81 7.61 7.91 8.42 6.95 7.34 F1 - - 1.74 0.18 

SD 2.83 2.17 2.58 2.62 2.21 2.79 F2 - - 1.55 0.21 Step width (cm) 

       F3 - - 0.08 0.92 

 

Mean 6.48 7.39 7.12 9.12 6.25 7.07 F1 - - 2.41 0.09 

SD 3.12 2.34 2.34 3.76 2.37 3.04 F2 - - 5.59 0.02* 
Walking 

angle 
(˚) 

       F3 - - 0.45 0.64 

Inf > Sup 

Mean 2.99 3.02 2.77 3.12 2.91 2.92 F1 - - 0.01 0.99 

SD 4.05 4.07 3.49 4.60 3.24 3.88 F2 - - 0.16 0.69 Toe angle (˚) 

       F3 - - 0.05 0.95 

 

Sup/Inf: Persons with the superior/inferior knee extension strength, One/Both/No: Persons with one-/both-/no knee pain, F1: Knee pain, F2: Knee extension 
strength, F3: Interaction, *: p < 0.05. 
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Table 4. The basic statistics and results of two-way analysis of variance for gait parameters among four groups according to visual 
acuity and knee extension strength factors for “non-knee pain group”. 

Visual acuity problem / With Without  ANOVA ANCOVA Post-hoc 

Knee extension strength / 
Sup  

n = 11 
Inf  

n = 12 
Sup 

n = 36
Inf 

n = 37
 F p F value p value Bonferoni

Mean 74.2 77.8 75.6 76.6 F1 0.00 0.97 - - 

SD 6.59 4.49 6.75 6.77 F2 2.27 0.14 - - Age (years) 

     F3 0.70 0.40 - - 

Mean 147.5 146.7 146.4 146.4 F1 0.22 0.64 - - 

SD 6.58 6.55 6.89 4.31 F2 0.08 0.78 - - Height (cm) 

     F3 0.07 0.79 - - 

 

Mean 50.5 45.2 48.6 46.3 F1 0.06 0.80 

SD 8.23 8.58 7.73 6.05 F2 4.81 0.03* Weight (kg) 

     F3 0.75 0.39 

 covariate 

Mean 8.59 5.82 8.72 5.65 F1 - - 0.00 1.00 

SD 1.49 1.29 1.55 1.11 F2 - - 71.89 0.00* 
Knee extension 

strength 
(kg) 

     F3 - - 0.42 0.52 

Sup > Inf 

Mean 180.0 147.1 181.6 158.8 F1 - - 0.89 0.35 

SD 24.6 31.9 29.5 32.3 F2 - - 12.01 0.00* Walking speed (cm/sec) 

     F3 - - 0.33 0.57 

Sup > Inf 

Mean 165.4 149.0 167.1 156.2 F1 - - 1.00 0.32 

SD 16.1 19.8 19.1 18.8 F2 - - 8.16 0.01* Cadence (steps/min) 

     F3 - - 0.32 0.57 

Sup > Inf 

Mean 0.41 0.48 0.41 0.45 F1 - - 1.60 0.21 

SD 0.05 0.08 0.06 0.07 F2 - - 10.32 0.00* Stance time (sec) 

     F3 - - 1.18 0.28 

Inf > Sup 

Mean 0.33 0.34 0.32 0.34 F1 - - 0.24 0.63 

SD 0.03 0.03 0.03 0.03 F2 - - 4.10 0.05* Swing time (sec) 

     F3 - - 0.00 0.97 

Inf > Sup 

Mean 0.05 0.07 0.05 0.06 F1 - - 1.62 0.21 

SD 0.02 0.03 0.02 0.02 F2 - - 10.41 0.00* 
Double support 

time 
(sec) 

     F3 - - 2.53 0.12 

Inf > Sup 

Mean 65.4 58.8 65.3 60.9 F1 - - 0.25 0.62 

SD 7.54 7.99 7.91 9.66 F2 - - 5.48 0.02 Step length (cm) 

     F3 - - 0.18 0.67 

Sup > Inf 

Mean 6.70 8.79 6.95 7.34 F1 - - 0.95 0.33 

SD 2.49 2.56 2.21 2.79 F2 - - 4.55 0.04 Step width (cm) 

     F3 - - 2.09 0.15 

Inf > Sup 

Mean 5.90 8.71 6.25 7.07 F1 - - 0.96 0.33 

SD 2.49 2.80 2.37 3.04 F2 - - 7.70 0.01* Walking angle (˚) 

     F3 - - 2.39 0.13 

Inf > Sup 

Mean 2.20 3.16 2.91 2.92 F1 - - 0.05 0.82 

SD 3.40 4.76 3.24 3.88 F2 - - 0.08 0.78 Toe angle (˚) 

     F3 - - 0.18 0.67 

 

With/Without: Persons with/without visual acuity problem, Sup/Inf: Persons with the superior/inferior knee extension strength, F1: Visual acuity problem, F2: 
nee extension strength, F3: Interaction, *: p < 0.05. K  
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4. DISCUSSION 

There were significant differences in body weight 
among the groups in this study. For example, in the 
group without vision acuity problems, the superior knee 
extension subjects were heavier than the inferior persons, 
and in the three KP groups, the bilateral KP group was 
heaviest and the non-KP weighed the least, with the uni- 
lateral KP group’s weight falling in the middle. Blain et 
al. [28] reported that in women 60 years or older, there is 
a significant relationship between knee extension streng- 
th and body weight. In addition, it was reported that an 
increase in weight affects osteoarthiris [29], and that be- 
ing overweight imposes a large burden on knee joints 
[30]. Restriction of activities by knee pain may promote 
an increase in weight. 

4.1. The Combined Effect of Visual Acuity  
and Knee Pain on Gait 

The body weight of persons with unilateral or bilateral 
KP was heavier than that of persons with no knee pain. 
Also, in controlling the effect of weight, changes in vis- 
ual acuity and knee pain factors were not found. 

Walking speed decreased when young persons with 
simulated cataracts walked in dim lighting [14]. Fur- 
thermore, Moe-Nilssen et al. [15] reported that a sudden 
change from normal to marginal lighting induces gait 
change. In addition, it was confirmed that by wearing 
goggles that restrict vision, walking speed, cadence, and 
step length decrease, while stance time and step width 
increase (Demura, & Demura, in print). On the other 
hand, it was reported that gait characteristics are nearly 
normalized due to the adaptation to darkness during the 
first 90 seconds, suggesting that the darkness itself does 
not cause the gait changes [15]. From the above, a gait 
change may occur by restricted visual information. 

Therefore, temporary restriction of visual information 
may also affect gait. The results presented above showed 
that, in elderly subjects who felt that their walking is 
hampered by vision problems, lower VA may not, in fact, 
be a special factor that produces a marked gait change. 
However, in this study, the measurements were con- 
ducted on a flat walkway and there was no task involving 
an obstacle that needed to be visually recognized, so that 
design could explain how a low VA did not markedly 
affect gait. 

Al-Zahrani, & Bakheit [18] and Bejek et al. [19] re- 
ported that osteoarthiris patients show a decrease in 
walking speed and step length, and an increase in stance 
time. Moreover, Bejek et al. [19] reported that os- 
teoarthritis patients show a more prominent gait change 
due to the effects of pain when walking at a faster speed 
as compared to a slower speed. It was assumed that knee 
pain affects gait, even without osteoarthiris. In this study, 

however, gait did not change despite walking at maxi- 
mum speed, in both subjects with and without any knee 
pain. The present subjects were healthy elderly who can 
perform daily living activities independently. In addition, 
the walking distance used in this study was short (about 
12 m). Thus, these results may suggest the following: if 
the elderly can perform daily life activities independently, 
they can walk a short distance even with subjective KP. 

From the above, a combined effect of visual acuity and 
knee joint pain factors on gait was not found in this ex- 
perimental condition. 

4.2. The Combined Effect of Knee Extension  
Strength and Knee Pain on Gait 

In the inferior knee extension strength group, subjects 
with bilateral KP showed longer double support times 
than subjects with unilateral or no KP. Additionally, in 
the bilateral KP group, the inferior KES subjects showed 
longer double support times than the superior group. An 
increase in double support time was reported as one of 
the gait changes that coincides with aging [30,31], and it 
has been considered that these gait properties in the eld- 
erly—which differ from those of younger people—may 
contribute to their increased walking stability [32]. It was 
clarified that the elderly with bilateral knee joint pain as 
well as inferior knee extension strength have inferior gait 
ability and markedly show these gait properties. 

In overall trends, the superior KES group, compared to 
the inferior group, had faster walking speed, more ca- 
dence, shorter stance time, wider step length, and a 
smalller walking angle. Previous studies [31,33] reported 
that gait properties of the elderly are characterized by a 
decrease in step length and an increase in double support 
time and step width. A decrease in leg strength is closely 
related to a decrease in walking speed, and it is consid- 
ered to be a main cause of gait change with age [34,35]. 
Therefore, the present results may also support the find- 
ings of previous studies. 

4.3. The Combined Effect of Knee Extension  
Strength and Visual Acuity on Gait 

In examining the knee extension strength and visual 
acuity factors, the superior KES group had significantly 
greater values in walking speed, cadence, and step length 
but smaller values in stance time, swing time, double 
support time, step width, and walking angle, as compared 
to the inferior group. These characteristics are similar to 
gait change with age. However, a combined effect of 
KES and VA factors was not found. 

Furthermore, KES is an important factor that affects 
gait, and similar results were found in previous studies 
[31,33]. It was considered that visual acuity factors 
would not strongly affect healthy elderly women’s gait, 
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although the measurement condition must be considered. 
In conclusion, the elderly with both a KES decrease 

and knee joint pain, as compared to the elderly with nei- 
ther factor, have markedly different gait properties; e.g., 
decrease in walking speed, cadence, and step length, in- 
crease of stance time and walking angle. In addition, 
subjective visual acuity problems and knee joint pain 
have very little effect on gait during short, level walking. 
Knee extension strength affects gait and plays an impor- 
tant role in gait change. 
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