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Abstract 

This study aimed to examine the differences in the ability to perform various activities of 

daily living (ADLs) among groups with various knee problems. The participants consisted of 

328 elderly females (age, 60–94; mean age, 76.1 years; standard deviation, 6.2). The subjects 

were classified into three groups: those without knee pain, those with mild knee pain, and 

those with severe knee pain. ADLs with markedly higher (>97%) and lower (<38%) 

achievement rates in the group without knee pain was not significantly different among the 

three groups. Achievement rates of 40%–97% for ADLs were significantly lower in the group 

with severe knee pain than in the group without knee pain. In addition, the groups with mild 

and severe knee pain demonstrated significantly lower achievement rates of ascending and 

descending stairs and sitting up than the group without knee pain. In conclusion, regardless of 

the presence of absence of mild or severe knee pain, some ADLs are difficult to achieve, 

while others are easy. The elderly with severe knee pain find it difficult to achieve many 

ADLs. In addition, it is difficult for the elderly with mild and severe knee pain to ascend and 

descend stairs and to sit up. 

 

Keywords: Mild knee pain, Severe knee pain, ADL, Achievement rates, Female elderly 

 

 

1. Introduction 

In old age, physical functions such as leg strength, balance, and mobility of the leg joints 

decrease markedly with age. Prevention of a reduction in these physical functions is crucial to 

allow the elderly to continue a healthy and independent daily life [1, 2]. Demura and Sato [3] 

reported that the ability to live independently should be assessed in the elderly. In addition, 

Sato et al. [4] reported that the ability to achieve activities of daily living (ADLs), rather than 
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the ability to perform physical functions at maximum exertion, should be assessed for the 

elderly. In brief, it is important for the elderly to retain the ability to achieve ADLs at above a 

certain level to maintain an independent daily life [4, 5]. 

Among different leg joints, knee joints have the greatest load-bearing capacity, and 

double the usual load of body weight is imposed on each knee joint when standing on one leg 

or when walking [6]. Knee joints are important for achieving independence in ADLs [7]. 

Recently, the number of elderly who suffer from mild or severe knee pain has increased [8]. 

O’Reilly et al. [9] and McAlindon et al. [10] have reported that approximately 25% of the 

elderly have mild or severe knee pain. In addition, Peat et al. [8] reported that 50% of the 

elderly with knee osteoarthritis, which is the main cause of mild and severe knee pain, do not 

feel subjective pain. However, they are more likely to suffer mild or severe knee pain in the 

near future. Peat et al. [8] and Oida and Nakamura [11] reported that the prevalence of mild 

and severe knee pain is high in the female elderly. It is inferred that the number of elderly 

females with mild or severe knee pain will increase.  

The ADL survey was used to assess the physical ability which the elderly are necessary 

to pass independent daily life. Sugiura and Demura [12] reported that the elderly subjects with 

knee pain had inferior locomotion movements and posture change than those without knee 

pain. However, each ADL has respective different difficulty [13]. In short, the difficulty level 

exists from low activities to high ones. We have assumed that activities of a high difficulty 

level for the elderly without knee pain would also be of high difficulty for the elderly with 

mild or severe knee pain. However, the latter group of elderly may even find activities with a 

low difficulty level more challenging than the former group of elderly. In addition, we have 

assumed that the elderly with severe knee pain would find it more difficult to perform various 

ADLs than the elderly with mild knee pain, who are considered to be an auxiliary group of the 

elderly with severe knee pain. This study therefore aimed to examine the differences in the 
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ability to achieve various ADLs among the following groups of female elderly: those without 

knee pain, those with mild knee pain, and those with severe knee pain. 

 

 

2. Method 

2.1. Participants 

Even if the elderly have orthopedic abnormalities, approximately 50% do not feel 

subjective knee pain [8, 14]. Peat et al. [8] reported that it is necessary to focus on pain in the 

knee joints because it is common among the elderly and varies in type and cause. In this study, 

elderly individuals who selected Yes in response to the question “Do you have an articular 

disorder (ankle, knee, hip joint)? (choice: Yes and No)” and Right, Left, or Both in response 

to the question “Do you have knee pain or disorders? (choice: Right, Left, Both, and No)” 

were defined as patients with knee pain. Individuals who selected No in response to both 

questions were defined as those without knee pain. Mild and severe knee pain were judged 

using the Japanese edition knee function scale [15] on the basis of the Western Ontario and 

McMaster Universities Osteoarthritis Index [16]. According to this assessment, individuals 

with over 210 points and those with less than 210 points were judged to have severe knee pain 

and mild knee pain, respectively [11]. 

Participants consisted of 328 female elderly people (age, 60–94; mean age, 76.1 years; 

standard deviation, 6.2). The subjects were classified into the following five groups: 168 

persons without knee pain [no knee pain (G1) group], 116 persons with mild knee pain [mild 

unilateral knee pain (G2) group, n = 75; mild bilateral knee pain (G3) group, n = 41], and 44 

persons with severe knee pain [severe unilateral knee pain (G4) group, n = 21; severe bilateral 

knee pain (G5) group, n = 23]. Forty subjects in the G2 group and 11 subjects in the G4 group 

had right knee pain. In addition, subjects participated in health classes or social educational 
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activities hosted by municipal governments and engaged in social activities at least once per 

week or on alternate weeks. In brief, these individuals could achieve ADLs independently.  

Table 1 shows the basic statistics (age, height, and body weight) of subjects in each 

group. The purpose and procedures of this study were explained in detail to all participants 

before their informed consent was obtained. The present experimental protocol was approved 

by the Ethics Committee on Human Experimentation of Faculty of Human Science, 

Kanazawa University (Ref. No. 2012-12). 

 

*** Table 1 near here *** 

 

 

2. 2. ADL 

The ADL survey was prepared to confirm whether the elderly can safely participate in a 

physical fitness test administered by the Ministry of Education, Culture, Sports, Science and 

Technology of Japan (Table 2). This survey consists of four domains: locomotion (walking, 

running, jumping across a ditch, ascending and descending stairs, and convey), posture 

change (sitting up, and standing up from the floor), stability (standing on one foot with eyes 

open, standing in a bus or a train, and dressing while standing), and manipulation (buttoning a 

shirt, and placing a Japanese mattress into and removing it out of a closet), and the degree of 

achievement of ADLs required for independent life was evaluated according to these 12 items 

[4, 5]. Each item consisted of three different difficulty levels, with subjects selecting the 

appropriate level for each ADL item. For example, subjects could select from among the 

following categories (“1: approximately 5–10 min,” “2: approximately 20–40 min,” and “3: 

over an hour”) for question 1 (How long can you walk without taking rest?), it was judged 

that when a subject selected “3,” the individual could also achieve the task at levels “1” and 
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“2”; when a subject selected “2,” the individual could also achieve the task at a level of “1”; 

and when a subject selected “1,” the individual could not achieve the task at a level of “2” and 

“3.” Twenty-seven movements among 36 movements, excluding categories such as “cannot 

run” and “cannot jump” were used for analysis (Table 3). In this study, movements with a 

higher achievement rate were judged to be those involving lower difficulty. 

 

*** Table 2 near here *** 

*** Table 3 near here *** 

 

 

2. 3. Statistical analysis 

Mean differences of age, height, and body weight were examined by ANOVA. The 

one-dimensional nature of ADLs measured in the G1 group was examined by a 

reproducibility coefficient and a scaling coefficient of Guttman [13, 17], which was based on 

the order of the achievement rates. The achievement rates of ADL were examined by a 

difference of proportion test. Scheffe’s test was used for multiple comparisons when 

significant differences were found. Relationships between the presence or absence of mild or 

severe knee pain and achievement rates of ADLs were examined on the basis of the 

association coefficient of Cramer. The significance level in this study was set at p < 0.05, 

which was adjusted by Scheffe’s method. 

 

3. Results 

Table 1 shows the basic statistics of age, height, and body weight in the groups with no 

knee pain (G1), mild unilateral knee pain (G2), mild bilateral knee pain (G3), severe unilateral 

knee pain (G4), and severe bilateral knee pain (G5), and the test results and their mean values. 
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The results of one-way ANOVA showed a significant difference only in the body weight. 

Participants from the severe knee pain group (G4+G5) were significantly heavier than those 

in the G1 group. However, no significant difference was observed in the body weight between 

the participants in the G2 and G3 groups and those in the G4 and G5 groups. 

Figure 1 shows the order of achievement rates of various ADLs in the G1, G2+G3, and 

G4+G5 groups. The reproducibility coefficient of the G1 group was very high (0.904), and the 

scaling coefficient was 0.671. 

Table 3 shows the basic statistics of achievement rates of ADLs in G1, G2, G3, G4, and 

G5 groups. A significant difference was found among groups in 18 of 27 movements. Results 

of multiple comparison tests showed that differences between the G2 and G3 groups as well 

as between the G4 and G5 groups were insignificant for all movements. Hence, both the G2 

and G3 groups and the G4 and G5 groups were pooled, and linear comparisons were made 

between the resulting three groups (no knee pain, G1; mild knee pain, G2+G3; and severe 

knee pain, G4+G5). ADL items 1, 3, 6, 10, 18, 21, 25, 27, 29, and 36 for which the 

achievement rates were <37.5% and >97% in the G1 group showed no significant differences 

among the groups. ADL items 2, 5, 8, 9, 11, 12, 14, 15, 17, 20, 23, 24, 26, 30, 32, 33, and 35, 

with achievement rates between 40% and 97% in the G1 group showed significant differences. 

The achievement rate for item “11. Ascend stairs without using the banister (slowly)” was 

significantly lower in the G4+G5 group, followed by the G2+G3 and G1 groups. The 

achievement rates of movements 2, 5, 9, 12, 17, 20, 26, and 35 were lower in the G4+G5 

group than in the G1 group; those of movements 1, 14, and 15 were lower in the G4+G5 and 

G2+G3 groups than in the G1 group; and those of movements 8, 23, 24, 30, and 32 were 

lower in the G4+G5 group than in the G1 and G2+G3 groups. The achievement rate of “33. 

Can carry baggage of approximately 10 kg for 10 m” was not significantly different among 

the three groups. Association between the presence or absence of mild or severe knee pain and 
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the achievement rate of ADLs was moderate (V: 0.30–0.45) in the 12 movements of items 1, 5, 

8, 11, 12, 14, 15, 20, 23, 24, 30, and 32, but it was low (V: 0.11–0.29) in the other movements. 

 

*** Figure 1 near here *** 

 

 

4. Discussion 

Values for body weight were higher in the group with severe knee pain than in the group 

with no knee pain. This result was similar to that in previous studies [18]. In elderly 

individuals with severe knee pain, body weight increased because of the limited physical 

activity due to the knee pain. Training to increase strength around the knee joints is useful in 

such cases, and exercise that places no excessive burden on the knee joints is useful as a 

precaution to prevent the onset or exacerbation of knee pain [19]. This is particularly desirable 

for elderly individuals with severe knee pain to perform the aforementioned training or 

exercise. 

Achievement rates of ADLs in the elderly without knee pain (the general elderly) were 

examined using the one-dimensional nature of Guttman in this study. This allows a graded 

evaluation of movements because the difficulty level for such elderly is different. Among 27 

movements, the difficulty level of the following five movements were high (12%–29%): “10 

min running,” “elaborate movement using one hand,” “trunk posture change several times,” 

“endurance walking,” and “standing within a bus or train without using the handhold, except 

when departing and stopping,” and the difficulty level was very low (91%–100%) in the 

following nine movements: “elaborate movement using both hands,” “short time walking,” 

“put off a light weight,” “slow ascent and descent of stair,” “dressing while standing,” 

“standing within a bus or train using the handhold,” “sitting up using the hands,” “jumping 
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across a ditch of 30 cm,” and “transportation of a weight of 5 kg” (Figure 1 and Table 3). The 

reproducibility coefficient of Guttman for the achievement rates of the 27 movements was 

very high (0.904). When this value exceeds 0.9, the approximation with the complete measure 

is generally guaranteed [13, 20]. This suggests that the ability of the general elderly to achieve 

ADLs can be estimated as a one-dimensional continuum by 27 movements. 

It was assumed that the elderly with mild or severe bilateral knee pain find it more 

difficult to achieve ADLs than those with mild or severe unilateral knee pain and that the 

achievement rates would be reduced in elderly with mild knee pain in bilateral knee and 

severe knee pain affecting bilateral knee. However, no significant difference was found 

between the G2 and G3 groups and between the G4 and G5 groups for all ADLs. The subjects 

were those elderly who can achieve ADLs independently. Many ADLs, such as walking, 

ascending and descending stairs, and standing up, involve both legs equally. They may have 

achieved ADLs even while enduring pain. From our results, we can deduce that the elderly 

with mild or severe knee pain affecting bilateral knee are similar to the elderly with mild or 

severe knee pain affecting in unilateral knee in terms of achieving some ADLs or the 

difficulty they experience in achieving these activities. Hence, the groups with mild unilateral 

knee pain (G2) and with mild bilateral knee pain (G3) (the mild knee pain group, G2+G3) and 

the groups with severe unilateral knee pain (G4) and severe bilateral knee pain (G5) (the 

severe knee pain group, G4+G5) were pooled and analyzed as such in this study. 

The difficulty level of six movements (items 6, 27, 36, 3, 21, and 18; see Table 3) was 

higher in all groups (G1: 12%–38%, G2+G3: 5%–28%, and G4+G5: 2%–16%). The 

achievement rate for these movements was under 40% in G1 group. However, the difference 

among the groups was insignificant. Strength of the legs [21-23] and body trunk [24, 25], as 

well as muscle endurance [26], ability to balance [27, 28], and cardiorespiratory function [29, 

30] decrease markedly with age. A decrease in physical functions with age greatly affects the 
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difficulty level for various ADLs. Our study indicates that the difficulty of the 

abovementioned ADLs is considered to be high for the elderly, regardless of whether they 

have mild or severe knee pain. 

The difficulty level of four movements (items 9, 12, 33, and 15; see Table 3) was higher 

in the G4+G5 group (0%–16%), but moderate in the other two groups (G1: 40%–65% and 

G2+G3: 22%–50%). The achievement rate for these movements ranged between 40% and 

65% in the G1 group. Morrison [6] reported that during standing on one leg or walking, 

double the usual load of body weight is imposed on the knee joints. Knee joints are therefore 

important for efficient achievement of ADLs. The elderly with severe knee pain may be 

limited in achievement of those ADLs that impose a heavy burden on the knee joints, because 

of severe knee pain, and they find it difficult to achieve these activities. In addition, the 

difficulty level experienced by the G2+G3 and G4+G5 groups were increased for movements 

involved in “Stand up from a Japanese style sitting posture without using hands” compared 

with that experienced by the G1 group (G1 group, 57.1%; G2+G3 group, 22.4%; and G4+G5 

group, 0%). Because rising up from a Japanese style sitting position (Seiza) requires greater 

mobility of the knee joints than for rising up from a chair, individuals with mild knee pain 

may find it difficult to achieve, similar to individuals with severe knee pain due to the large 

burden placed on the knee joints by this movement. On the other hand, it was considered that 

the movement involved in “Carry baggage of approximately 10 kg for 10 m” would also be 

achieved with different levels of success among the groups, because of imposing a heavy 

burden on the knee joints by carrying a load. However, the difference in this case was 

insignificant (G1 group, 42.3%; G2+G3 group, 31.9%; and G3+G4 group, 17.8%). Sugiura 

and Demura [31] reported that the elderly with mild knee pain may be able to walk while 

enduring pain for a short distance. This infers that although this movement is experienced as 
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quite difficult by individuals with severe knee pain, many elderly in general feel that this is 

difficult to achieve. 

The difficulty level of three movements (items 30, 35, and 24; see Table 3) was relatively 

lower in the G1 (67%–78%) and G2+G3 group (22%–50%). The achievement rate for these 

movements ranged between 67% and 78% in the G1 group. The majority of both groups were 

considered to be able to achieve these movements. However, these movements appeared to be 

more difficult for the G3+G4 group (22.2%–26.7%). On the other hand, severe knee pain may 

affect not only locomotion but also lead to a reduction in the frequency of use of the upper 

limbs and trunk. Thus, even if the difficulty level of a particular ADL was low for the general 

elderly or for the elderly with mild knee pain, the difficulty level may be high for the elderly 

with severe knee pain. 

The majority of individuals (53–97%) in any group could achieve the eight movements 

(items 2, 26, 17, 32, 8, 20, 14, and 23; see Table 3), but the difficulty level was higher in the 

G4+G5 group (53%–65%) than in the G1 group (81%–97%). The achievement rate for these 

movements ranged between 81% and 97% in the G1 group. The elderly with severe knee pain 

may find it difficult to achieve the movements that impose a heavy burden on the knee joints. 

In addition, we found that the difficulty level of “Ascend stairs without using the banister, 

slowly” was significantly higher in the G4+G5 group, followed by the G2+G3 group and the 

G1 group (G1 group, 86.3%; G2+G3 group, 63.8%; G4+G5 group, 26.7%). Maruyama [32] 

reported that ascending and descending the stairs imposes a larger burden on the knee joints 

because the knee joints are used as a fulcrum point, inferring that such a movement is difficult 

to achieve for the elderly with severe knee pain. The elderly with mild and severe knee pain 

need to reduce the burden of weight imposed on the knee joints when ascending and 

descending the stairs during daily life. 
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The difficulty level of three movements (items 1, 10, and 25; see Table 3) was lower in 

all groups (G1: 100%, G2+G3: 91%–100%, and G4+G5: 86%–100%). The achievement rate 

for these movements 100% in G1 group. Thus, most elderly people could achieve them 

(87%–91%). This indicates that the elderly people in the present study could achieve ADLs 

independently in spite of having mild or severe knee pain (see subjects in the method). 

 

 

5. Conclusion 

ADLs with which the female elderly in general find great or little difficulty are also the 

activities that the elderly with mild and severe knee pain find to be particularly difficult or 

easy. Thus, regardless of the presence or absence of mild or severe knee pain, some ADLs are 

difficult to achieve, while others are easy. The elderly with severe knee pain find it difficult to 

achieve many ADLs. In particular, it is challenging for the elderly with mild and severe knee 

pain to ascend and descend stairs and to rise up from a sitting position. 

 

 

Acknowledgements 

Research funds were not provided by any institution. 

 

 

References 

1. M. V. Hurley, J. Rees, and D. J. Newham, “Quadriceps function, proprioceptive acuity 

and functional performance in healthy young, middle-aged and elderly subjects,” Age and 

Ageing; vol. 27, no. 1, pp. 55-62, 1998. 

2. S. Jochanan, H. R. Robert, C. Aaron, E. M. Eliana, and M. J. Jeremy, “Physical activity, 



 

13 

 

function, and longevity among the very old,” Archives of Internal Medicine, vol. 169, no. 

16, pp. 1476-1483, 2009. 

3. S. Demura, and S. Sato, “Functional assessment for the elderly by using activities of daily 

living (ADL),” Journal of Physical Education Health and Sport Sciences, vol. 49, no. 6, 

pp. 519-533, 2004. 

4. S. Sato, S. Demura, J. Matsuzawa, Y. Noda, H. Miyaguchi, N. Tada, H. Kobayashi, F. 

Goshi, M. Minami, and N. Sugano, “Development of ADL index for healthy older 

persons: proposal of useful ADL items and their scales,” Journal of Physical Education 

Health and Sport Sciences, vol. 45, no. 4, pp. 472-488, 2000. 

5. S. Demura, S. Sato, M. Minami, H. Kobayashi, Y. Noda, J. Matsuzawa, K. Kobayashi, 

and J. Aoki, “Development of ADL index for older community people,” Japanese journal 

of physical fitness and sports medicine, vol. 49, no. 3, pp. 375-384, 2000. 

6. J. B. Morrison, “The mechanics of the knee joint in relation to normal walking,” Journal 

of Biomechanics, vol. 3, no. 1, pp. 51-61, 1970. 

7. Y. Okanishi, M. Takahashi, and T. Turumi. Physiotherapy of leg joint disorders, Mitsuwa 

Shoten, Tokyo, Japan, 2001. 

8. G. Peat, R. McCarney, and P. Croft, “Knee pain and osteoarthritis in older adults: a 

review of community burden and current use of primary health care,” Annals of the 

Rheumatic Diseases, vol. 60, no. 2, pp. 91-97, 2001. 

9. S. C. Reilly, K. R. Muir, and M. Doherty, “Screening for pain in knee osteoarthritis: 

which question?” Annals of the Rheumatic Diseases, vol. 55, no. 12, pp. 931-933, 1996. 

10. T. E. McAlindon, S. Snow, C. Cooper, and P. A. Dieppe, “Patterns of osteoarthritis of the 

knee joint in the community: the importance of the patellofemoral joint” Annals of the 

Rheumatic Diseases, vol. 51, no. 7, pp. 844-849, 1992. 

11. Y. Oida, and N. Nakamura, Exercise learning support manual for the knee joint ache 



 

14 

 

prevention and reduction, Sunlife plan, Tokyo, Japan, 2008. 

12. H. Sugiura, and S. Demura. “Effect of subjective knee joint pain on knee extension 

strength, gait and ADL score in the female elderly,” Gazzetta Medica Italiana, vol. 171, 

no. 5, pp533-540, 2012. 

13. S. Demura, S. Sato, H. Kobayashi, L. Kasuga, and Y. Toyoshima. “Development of ADL 

index for partially dependent older adults,” Japanese Journal of Public Health, vol. 46, 

no. 1, pp. 25-34, 1999. 

14. P. A. Dieppe, and L. S. Lohmander, “Pathogenesis and management of pain in 

osteoarthritis,” The Lancet, vol. 365, pp. 965-973, 2005. 

15. H. Hashimoto, T. Hanyu, C. B. Sledge, and E. A. Lingard, “Validation of a Japanese 

patient-derived outcome scale for assessing total knee arthroplasty: comparison with 

Western Ontario and McMaster Universities osteoarthritis index (WOMAC),” Journal of 

Orthopaedic Science, vol. 8, no. 3, pp. 288-293, 2003. 

16. N. Bellamy, W. W. Buchanan, C. H. Goldsmith, J. Campbell, and L. W. Stitt, “Validation 

study of WOMAC: a health status instrument for measuring clinically important patient 

relevant outcomes to antirheumatic drug therapy in patients with osteoarthritis of the hip 

or knee,” Journal of Rheumatology, vol. 15, no. 12, pp. 1833-1840, 1988. 

17. H. Menzel, “A new coefficient for scalogram analysis,” The Public Opinion Quarterly, 

vol. 17, 268-280, 1953. 

18. H. Sugiura, S. Demura, K. “The effects of knee joint pain and disorders on knee 

extension strength and walking ability in the female elderly,” Advances in Physical 

Education, vol. 2, no. 4, 139-143, 2012. 

19. E. Vignon, J. P. Valat, M. Rossignol, B. Avouac, S. Rozenberg, P. Thoumie, J. Avouac, M. 

Nordin, and P. Hilliquin. “Osteoarthritis of the knee and hip and activity: a systematic 

international review and synthesis (OASIS),” Joint Bone Spine, vol. 73, no. 4, 442-455, 



 

15 

 

2006. 

20. S. Whiting, and N. Lincoln, “Assessment for stroke patients,” Occupational Therapy, vol. 

21, pp. 44-46, 1980. 

21. M. P. Murray, E. H. Duthie, S. R. Gambert, S. B. Sepic, and L. A. Mollinger, 

“Age-related differences in knee muscle strength in normal women,” Journal of 

Gerontology, vol. 40, no. 3, pp. 275-280, 1985. 

22. Borges, “Isometric and isokinetic knee extension and flexion torque in men and women 

aged 20-70,” Scandinavian Journal of Rehabilitation Medicine, vol. 21, no.1, 45-53, 

1989. 

23. W. R. Frontera, V. A. Hughes, K. J. Lutz, and W. J. Evans, “A cross-sectional study of 

muscle strength and mass in 45- to 78-yr-old men and women,” Journal of Applied 

Physiology, vol. 71, no. 2, pp. 644-650, 1991. 

24. A, Seo, J. H. Lee, and Y. Kusaka, “Estimation of trunk muscle parameters for a 

biomechanical model by age, height and weight,” Journal of occupational health, vol. 45, 

no. 4, pp. 197-201, 2003. 

25. Y. Tanimoto, M. Watanabe, R. Kono, C. Hirota, K. Takasaki, and K. Kono, “Aging 

changes in muscle mass of Japanese,” Japan Geriatrics Society, vol. 47, no. 1, pp. 52-57, 

2010. 

26. R. Coggan, R. J. Spina, D. S. King, M. A. Rogers, M. Brown, P. M. Nemeth, and J. O. 

Holloszy, “Skeletal muscle adaptations to endurance training in 60- to 70-yr-old men and 

women,” Journal of Applied Physiology, vol. 72, no. 5, pp. 1780-1786, 1992. 

27. S. S. Hasan, and M. J. Lichtenstein, “Effect of loss of balance on biomechanics platform 

measures of sway: influence of stance and a method for adjustment,” Journal of 

biomechanic, vol. 23, no. 8, pp. 783-789, 1990. 

28. P. A. Hageman, J. M. Leibowitz, and D. Blanke, “Age and gender effects on postural 



 

16 

 

control measures,” Archives of Physical Medicine and Rehabilitation, vol. 76, no. 10, pp. 

961-965, 1995. 

29. Y. Aoyagi, and S. Katsuta, “Relationship between the starting age of training and physical 

fitness in old age,” Canadian journal of sport sciences, vol. 5, no. 1, pp. 65-71, 1990. 

30. M. L. Pollock, L. J. Mengelkoch, J. E. Graves, D. T. Lowenthal, M. C. Limacher, C. 

Foster, and J. H. Wilmore, “Twenty-year follow-up of aerobic power and body 

composition of older track athletes,” Journal of Applied Physiology, vol. 82, no. 5, pp. 

1508-1516, 1997. 

31. H. Sugiura, and S. Demura, “Effect of subjective knee joint pain on the laterality of knee 

extension strength and gait in elderly women,” Archives of Gerontology and Geriatrics, 

vol. 54, pp. 366-369, 2012. 

32. H. Maruyama, The gait. The Society of Physical Therapy Science, Tokyo, japan, 2003. 

 

  



 

17 

 

Table 1 The basic statistics for age, height, and body weight of subjects in each group. 

 
  
 

No knee pain 
（G1: n=168） 

Mild unilateral knee pain 
（G2: n=75） 

Mild bilateral knee pain 
（G3: n=41） 

Severe unilateral knee pain 
（G4: n=21） 

Severe bilateral knee pain 
（G5: n=23） ANOVA Scheff's Post-hoc 

 M SD MAX MIN M SD MAX MIN M SD MAX MIN M SD MAX MIN M SD MAX MIN F p G1, (G2+G3), (G4+G5) 

Age (yr) 75.4  6.7  88  62  76.8  6.0  94  60  76.4  5.2  86  60  76.7  5.1  87  68  77.5  5.7  85  60  1.10 0.36 - 
Height (cm) 147.8  6.2  164.5  132.5  147.2  6.2  161.4  132.5  147.7  5.7  160.0  138.4  149.1  5.0  156.0  138.0  146.7  5.9  159.4  140.0  0.47 0.76  - 
Weight (kg) 48.40  7.6  69.6  32.1  49.32  12.4  70.9  32.5  53.76  7.4  69.1  40.8  54.69  6.9  71.0  39.0  53.42  6.6  68.8  41.7  3.08* 0.02 G1 < (G4+G5) 
Note)  *: p < 0.05 
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Table 2  ADL test 

 

 

ADL survey Movements ADL domain ADL items ADL answere number 

Locomotion 1. How long can you walk without taking a rest? 
 1. About 5-10 minutes 1. Walk for approximately 5-10 min without taking rest. 
 2. About 20-40 minutes 2. Walk for approximately 20-40 min without taking rest. 
 3. Over an hour 3. Walk for over an hour without taking rest. 

Locomotion 2. How long can you run without taking a rest? 
 1. Impossible 4. Cannot run without taking rest. 
 2. About 3-5 minutes 5. Run for approximately 3-5 min without taking rest. 
 3. Over 10 minutes 6. Run for >10 min without taking rest. 

Locomotion 3. How wide a gutter can you jump over? 
 1. Impossible 7. Cannot jump across a ditch. 
 2. About 30cm 8. Jump across a ditch of approximately 30 cm. 
 3. About 50cm 9. Jump across a ditch of approximately 50 cm. 

Locomotion 4. How do you go up the stairs? 
 1. Need banister 10. Ascend stairs using the banister. 
 2. Slowly (No use banister) 11. Ascend stairs without using the banister (Slowly). 
 3. Fleetly (No use banister) 12. Ascend stairs without using the banister (Fleetly). 

Posture-change 5. 
 
How do you stand up from a Japanese style 
sitting posture, i.e. Seiza? 

 1. Impossible 13. Cannot stand up from a Japanese style sitting posture. 
 2. Use hands 14. Stand up from a Japanese style sitting posture using hands. 
 3. Stand without use of hands 15. Stand up from a Japanese style sitting posture without using hands. 

Stability 6. 
 
How many seconds can you stand 
on one leg with eyes open? 

 1. Impossible 16. Cannot stand on one leg with eyes open. 
 2. About 10-20 seconds 17. Stand on one leg with eyes open for approximately 10-20 seconds. 
 3. Over 30 seconds 18. Stand on one leg with eyes open for >30 s. 

Stability 7. Can you remain standing on a bus or train? 

 1. Impossible 19. Cannot stand within a bus or train. 
 2. Using the handhold 20. Standing within a bus or train using the handhold. 
 3. Without using the handhold 
   (Except departing and stopping) 

21. Standing within a bus or train without using the handhold 
    (Except departing and stopping). 

Stability 8. 
 
Can you put on trousers or a skirt 
while standing? 

 1. Sitting only 22. Cannot put on trousers or a skirt while standing. 
 2. Use the handhold 23. Put on trousers or a skirt while standing using a handhold. 
 3. Without use the handhold 24. Put on trousers or a skirt while standing without using a handhold. 

Manipulation 9. 
 
Can you do or undo the front buttons 
of a shirt? 

 1. Both hands (Slowly) 25. Do or undo the front buttons of a shirt using both hands (Slowly). 
 2. Both hands (Freely) 26. Do or undo the front buttons of a shirt using both hands (Fleetly). 
 3. One hand 27. Do or undo the front buttons of a shirt using one hand. 

Manipulation 10. Can you roll up and put away the bedding? 
 1. Impossible 28. Cannot roll up and put away the bedding. 
 2. Lightweight only 29. Roll up and put away lightweight bedding. 
 3. Heavy weight 30. Roll up and put away heavy weight bedding. 

Locomotion 11. What weight of baggage can you carry 10m? 
 1. Impossible 31. Cannot carry baggage. 
 2. About 5kg 32. Can carry baggage of approximately 5 kg for 10 m. 
 3. About 10kg 33. Can carry baggage of approximately 10 kg for 10 m. 

Posture-change 12. 
 
Can you raise your upper body without using 
your hands when lying down and facing up? 

 1. Impossible 34. Cannot raise upper body. 

 2. About 1-2 times 35. Raise the upper body approximately 1-2 times without using hands 
   when lying down and facing up. 

 3. About 3-4 times 36. Raise the upper body approximately 3-4 times without using hands 
   when lying down and facing up. 

Note ) Paint: Items to using in this study   
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Table 3 Difference in achievement rates of ADLs among groups 

ADL items 
No knee 

pain 

Mild 
unilateral 
knee pain 

Mild 
Bilateral 
knee pain 

Severe 
Unilateral 
knee pain 

Severe 
Bilateral 
knee pain χ2 V 

Mild 
knee 
pain 

Severe 
knee 
pain  Scheff's  Post-hoc 

(G1: n=168) (G2: n=75) (G3: n=41) (G4: n=21) (G5: n=23) G2+G3 G4+G5 G2, G3 G4, G5 G1, (G2+G3), (G4+ G5) 
 6. Run for >10 min without taking rest. 12.5% 6.7% 2.4% 4.5% 0.0% 8.29 0.16 5.2% 2.2%  － － － 
27. Do or undo the front buttons of a shirt using one hand. 19.6% 22.7% 19.5% 9.1% 8.7% 3.72 0.11 21.6% 8.9%  － － － 
36. Raise the upper body approximately 3–4 times 
   without using hands when lying down and facing up. 23.8% 10.7% 26.8% 0% 4.3% 16.29 0.22 16.4% 2.2%  － － － 

 3. Walk for over an hour without taking rest. 26.8% 21.3% 7.3% 13.6% 4.3% 12.71 0.20 16.4% 8.9%  － － － 
21. Standing within a bus or train without using the handhold 
   (Except departing and stopping). 28.6% 17.3% 14.6% 9.1% 0% 15.42 0.22 16.4% 4.4%  － － － 

18. Stand on one leg with eyes open for >30 s. 37.5% 25.3% 31.7% 13.6% 17.4% 9.55 0.17 27.6% 15.6%  － － － 
 9. Jump across a ditch of approximately 50 cm. 40.5% 26.7% 31.7% 13.6% 0.0% 20.88* 0.25 28.4% 6.7%  － － (G4+ G5) < G1 
12. Ascend stairs without using the banister (Fleetly). 41.7% 25.3% 22.0% 0% 0% 32.34* 0.31 24.1% 0%  － － (G4+ G5) < G1 
33. Can carry baggage of approximately 10 kg for 10 m. 42.3% 28.0% 39.0% 22.7% 13.0% 12.08 0.19 31.9% 17.8%  － － － 
15. Stand up from a Japanese style sitting posture  
   without using hands. 57.1% 24.0% 19.5% 0% 0% 66.43* 0.45 22.4% 0%  － － (G2+G3), (G4+ G5) < G1 

 5. Run for approximately 3–5 min without taking rest. 64.9% 57.3% 34.1% 22.7% 8.7% 42.09* 0.36 49.1% 15.6%  － － (G4+ G5) < G1 
30. Roll up and put away heavy weight bedding. 67.3% 54.7% 58.5% 31.8% 13.0% 31.27* 0.31 56.0% 22.2%  － － (G4+ G5) < G1, (G2+G3) 
35. Raise the upper body approximately 1–2 times 
   without using hands when lying down and facing up. 68.5% 56.0% 56.1% 36.4% 17.4% 27.57* 0.29 56.0% 26.7%  － － (G4+ G5) < G1 

24. Put on trousers or a skirt while standing  
   without using a handhold. 77.4% 65.3% 63.4% 27.3% 17.4% 48.26* 0.39 64.7% 22.2%  － － (G4+ G5) < G1, (G2+G3) 

 2. Walk for approximately 20–40 min without taking rest. 81.5% 78.7% 68.3% 59.1% 47.8% 17.54* 0.23 75.0% 53.3%  － － (G4+ G5) < G1 
26. Do or undo the front buttons of a shirt using 
   both hands (Fleetly). 81.5% 78.7% 70.7% 68.2% 43.5% 17.82* 0.23 75.9% 55.6%  － － (G4+ G5) < G1 

11. Ascend stairs without using the banister (Slowly). 86.3% 66.7% 58.5% 27.3% 26.1% 64.75* 0.44 63.8% 26.7%  － － (G4+ G5) < (G2+G3) < G1 
17. Stand on one leg with eyes open for approximately 
   10–20 seconds. 88.7% 74.7% 75.6% 68.2% 56.5% 19.77* 0.25 75.0% 62.2%  － － (G4+ G5) < G1 

32. Can carry baggage of approximately 5 kg for 10 m. 91.1% 90.7% 92.7% 59.1% 60.9% 33.41* 0.32 91.4% 60.0%  － － (G4+ G5) < G1, (G2+G3) 
 8. Jump across a ditch of approximately 30 cm. 92.3% 82.7% 85.4% 40.9% 73.9% 41.83* 0.36 83.6% 57.8%  － － (G4+ G5) < G1, (G2+G3) 
20. Standing within a bus or train using the handhold. 94.0% 89.3% 80.5% 68.2% 60.9% 30.50* 0.30 86.2% 64.4%  － － (G4+ G5) < G1 
14. Stand up from a Japanese style sitting posture using hands. 95.2% 86.7% 65.9% 54.5% 56.5% 53.87* 0.41 79.3% 55.6%  － － (G2+G3), (G4+ G5) < G1 
23. Put on trousers or a skirt while standing using a handhold. 96.4% 92.0% 95.1% 72.7% 52.2% 55.87* 0.41 93.1% 62.2%  － － (G4+ G5) < G1, (G2+G3) 
29. Roll up and put away lightweight bedding. 97.0% 94.7% 95.1% 90.9% 87.0% 5.51 0.13 94.8% 88.9%  － － － 
 1. Walk for approximately 5–10 min without taking rest. 100% 96.0% 82.9% 90.9% 82.6% 30.57* 0.31 91.4% 86.7%  － － (G2+G3), (G4+ G5) < G1 
10. Ascend stairs using the banister. 100% 97.3% 97.6% 100% 87.0% 20.09* 0.25 97.4% 93.3%  － － － 
25. Do or undo the front buttons of a shirt using 
   both hands (Slowly). 100% 100% 100% 100% 100% － － 100% 100%  － － － 

Note)  V = Association coefficient of Cramer,  *: p < .05/27 = .0019  
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Figure 1  The one-dimensional nature of ADLs measured in the G1 group and difference in achievement rates of ADLs among groups 
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