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Abstract

:

Background: Senior day care centers in Japan are the most commonly used insurance service for frail elderly people, and it is important to examine the factors that influence the use of walking aids at these centers. We aimed to investigate the factors affecting the use of walking aids by frail elderly patients in senior daycare centers. Methods: A total of 131 frail elderly people (mean age 82.7 ± 6.4 years) formed our study population. They were divided into two groups: solo walking (n = 87) and walking aid (n = 44). Individuals with cognitive decline were excluded. All participants were assessed using Functional Independence Measure Motor (FIM-M) sub-scores. Grip strength, knee extension strength, the 10 s Chair Stand test for Frail elderly (Frail CS-10), Single Leg Standing (SLS), and Timed Up and Go (TUG) tests were measured and compared between the two groups. Results: The walking aid group scored significantly lower than the solo walking group for five items: FIM-M, knee extension muscle strength, Frail CS-10, SLS, and TUG (p < 0.05). Logistic regression analysis revealed that knee extension muscle strength was the only factor that affected the use or disuse of walking aids (p < 0.05). The cut-off value of the knee extensor muscle strength-to-weight ratio for walking alone was 28.5%. Conclusions: Knee extensor muscle strength was the most important factor in determining the use of a walking aid.
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1. Introduction


Walking is one of the most important activities of daily life. However, walking can be impaired by several factors, including acute and chronic diseases, and physiological changes due to aging [1,2,3]. Walking disruptions in the elderly population adversely affect their participation in social activities and their quality of life [4]. In addition, walking disturbances increase the risk of falls [5]. Falls in elderly people cause serious injuries, such as bone fractures [6], and often result in death [7]. Therefore, it is important to prevent falls [8,9,10].



Elderly people use walking aids to prevent falls. These aids maintain walking ability and improve balance by increasing the base of support and lateral stability. They also reduce the load on the lower limbs, thereby enhancing balance [8]. Studies have reported that elderly people felt more stable and safer when using walking aids [11,12]. Walking aids can help individuals maintain or regain social activity and improve their confidence and sense of security [13]. On the other hand, it has been reported that the use of walking aids was associated with a 2.6-fold (confidence interval—1.2–4.6) increased risk of falling [14], which could be due to the inappropriate use of walking aids [15,16]. Furthermore, since walking aids reduce the load on the lower limbs [17], their use from an early stage may lead to a decline in lower limb function. Therefore, it is important to conduct objective and appropriate evaluations and recommend the use of walking aids to elderly people who need them the most.



Predictions using equipment for fall prevention [18,19] and studies using machine learning algorithms [9] have recently been reported. However, the decision to use a walking aid is often subjective, and the factors influencing the use of a walking aid have not been fully investigated. A previous study examined the factors influencing solo walking in elderly hospitalized patients and reported that knee extension muscle strength was significantly associated with walking ability in these individuals [20]. On the other hand, it has also been reported that walking aids can interfere with an individual’s ability to maintain balance in certain situations [8]. As senior day care centers in Japan are the most commonly used insurance service for frail elderly people [21], it is important to examine the factors that influence whether or not this population uses walking aids. We searched for “senior day care centers” and “walking aids” using various databases, including PubMed, Web of Science, and Scopus; however, as of 20 February 2023, we were unable to identify any such studies. Therefore, the purpose of this study was to evaluate gait, balance ability, and muscle strength in frail elderly patients in a senior day care center, and to identify factors that influenced their use of walking aids. The hypothesis of this study was that individuals who use walking aids may have decreased knee extension muscle strength, balance function, or both.




2. Materials and Methods


2.1. Study Design


This cross-sectional observational study was conducted at a senior day care center in Kyoto, Japan, in 2021. Posters were displayed in the day care center for the elderly for one month to recruit participants. This study was conducted in accordance with the tenets of the 1975 Declaration of Helsinki (revised in 2013). Participants were fully informed about the purpose and content of the study, benefits and risks, protection of personal information, and refusal or withdrawal of consent. All individuals participated voluntarily. This study was conducted with the approval of the Research Ethics Committee of Kyoto Tachibana University (Approval No. 21-24).




2.2. Study Participants


A total of 145 elderly people of either sex from a senior day care center formed our study population. The inclusion criteria were: (1) subjects who used long-term care insurance services in Japan [22,23], (2) elderly persons aged 65 or older, and (3) subjects who walked (with or without a walking aid, such as a cane) as a means of daily transportation. Exclusion criteria were: (1) those who had difficulty walking independently, (2) those who were 64 years old or younger, and (3) those who had cognitive impairment. Cognitive impairment was defined as a Mini Mental State Examination (MMSE) score of less than 20 points [24]. This study was conducted on frail elderly patients using a senior day care center, and no exclusions were made based on disease. The nurse checked all vital signs before taking measurements, and only those who were allowed to do so participated. After excluding those who met the exclusion criteria, 131 subjects were included in the final analysis (Figure 1). Sample size was calculated using G * Power [25]. G * Power was set as follows: test family: t-test without correspondence; effect size: 0.5; alpha error probability: 0.05; and power (1-beta error probability): 0.80. The total sample size was calculated to be 128.



The study participants were divided into two groups: those who did not use walking aids when they walked (solo walking group) and those who used walking aids (walking aid group).




2.3. Measurements


First, the MMSE was administered to all participants to determine declines in cognitive function. Next, physical function was assessed in those without cognitive decline. Physical function assessment included 13 items of the Functional Independence Measure (FIM) related to locomotion (FIM motor sub-scores: FIM-M), grip strength, knee extension muscle strength, 10 s Chair Stand test for Frail elderly (Frail CS-10), Single-Leg Standing (SLS), and Timed Up and Go (TUG) tests. Measurements were performed by a physical therapist and an occupational therapist with more than 10 years of clinical experience. Participants’ names were converted to ID numbers by the occupational therapist, who was blinded to the process. The MMSE is widely used to evaluate general cognitive function [26]. The scores range from 0 to 30, and a score of less than 20 indicates cognitive impairment [24].



The FIM-M measures the amount of care for Activities of Daily Living (ADL) [27]. The FIM-M consists of 13 items: six self-care items (score range: 6–42 points), two toileting items (score range: 2–14 points), three transferring items (score range: 3–21 points), and two moving items (score range: 2–14 points). The total score ranges from 13 to 91, with higher scores indicating more independent ADLs.



Grip strength was measured using a digital grip strength meter T2177 (Toei Light Co., Saitama, Japan), according to the New Physical Fitness Test method [28]. Participants were instructed to stand with their feet shoulder-width apart and arms hanging naturally and to grip the digital grip strength meter with maximum force. Measurements were performed twice on both sides, and the average of the maximum values of both sides was used as the measured value. The average grip strength of elderly Japanese subjects (67.0–79.8 years old) who were not frail was reported to be 33.1 kg for men and 20.9 kg for women [29].



Knee extension muscle strength was measured using the hand-held dynamometer (HHD) Mobie MT-100 and MT-150 (Sakai Med Co., Ltd., Tokyo, Japan). The participants were seated in an end-sitting position, and the length of the HHD belt was adjusted and fixed such that the knee joint was in 90° flexion. The participants were then instructed to extend the knee joint to the maximum extent possible. Measurements were performed twice on each side, and the average of the maximum values on the left and right sides was taken as the measured value and converted to a percentage of body weight [30]. The incidence was reported to be 28.1 ± 9.1% among frail elderly Japanese individuals [31].



Frail CS-10 is a testing method that has been associated with Activities of Daily Living (ADL) in frail elderly people [32]. The participants were seated in a chair without armrests and instructed to stand and sit repeatedly after a start signal. The number of repetitions was measured for 10 s, counting from the sitting to standing position with full extension of the knee joint and back to sitting again as one repetition. Measurements were performed twice, and the higher count was taken as the measured value. Frail elderly Japanese individuals performing Frail CS-10 were able to stand an average of 3.4 times [32].



The SLS test was performed with slight modifications of the methods used in previous studies [33]. A digital stopwatch was used for the measurements. The participants were instructed to raise one leg forward from a standing position, with both hands on their hips. Time was measured from the moment the foot was raised off the ground to the moment when either the foot touched the ground again or the upper limb left the waist. The average of maximum values on the left and right sides was used as the measurement value.



TUG was measured as the time elapsed from a sitting position in a 40 cm high chair without armrests to standing up, walking around a pylon 3 m away, and sitting back down. Individuals using walking aids were instructed to use their usual aid and walk as fast as possible. Measurements were performed twice, and the shortest time was taken as the measured value [34]. The average TUG of non-frail elderly Japanese is reported to be 8.9 s [35].




2.4. Statistical Analysis


SPSS Statistics (version 22.0; SPSS Inc., Chicago, IL, USA) was used for statistical analyses, and the significance level was set at p = 0.05. The statistical analysis was performed by two physical therapists: one who was involved (PT, MS) in the measurement and one (PT, PhD) who was not. The participants were blinded by the occupational therapist who performed the measurements, and the two physical therapists who performed the analysis were unaware of this information. Basic attributes of the two groups were compared using the Student’s t-test for age and MMSE, and the chi-squared test for sex and main disease. Main disease was defined as the disease identified by the participant’s treating physician as the most significant factor leading to frailty. Diseases that affected fewer than five participants were classified as ”other”.



Initially, normality of the FIM-M, grip strength, knee extension strength, Frail CS-10, SLS, and TUG tests was confirmed using the Shapiro–Wilk test. To identify significant differences between the two groups, Mann–Whitney U-tests were performed for items that were not normally distributed. For normally distributed items, an F-test was performed to confirm equal variances, a Welch’s t-test was used if the p-value was less than 5%, and a Student’s t-test was used if the p-value was 5% or greater. A χ2 test was used for sex-based comparisons.



In addition, logistic regression analysis was used to examine the factors influencing the use of walking aids. In the logistic regression analysis, use or disuse of walking aids was utilized as the dependent variable, and all items that showed significant differences between the two groups were forced as independent variables.



Receiver Operating Characteristic (ROC) curves were created for factors that were significant in the logistic regression analysis. The cut-off values for the ability of participants to walk solo were determined. Area Under the Curve (AUC), bounded by the ROC curve, was calculated. To examine the clinical relevance of the ROC curve, we determined the fit of the regression model using AUC. We also calculated the sensitivity and specificity and adopted the point with the largest Youden index [36] as the cut-off value.





3. Results


Of the 145 subjects included in the study, 14 had MMSE scores of less than 20 points; therefore, a total of 131 subjects (male n = 49; female n = 82; mean age 82.7 ± 6.4 years; mean MMSE score 24.3 ± 2.5) were included in the analysis. These 131 subjects were divided into two groups: the solo walking group (n = 87; male n = 33; female n = 54) and the walking aid group (n = 44; male n = 16; female n = 28). There were no significant differences in the basic attributes between the two groups (p < 0.05). Sex, age, MMSE, and main disease were not significantly different between the two groups (p < 0.05) (Table 1).



The FIM-M, knee extension strength, Frail CS-10, and SLS values of the walking aid group were significantly lower than those of the solo walking group (p < 0.01). However, the TUG time was significantly longer (p < 0.01) in the walking aid group. No significant differences were found between the two groups in the context of grip strength and MMSE scores (Table 2).



A logistic regression analysis revealed that knee extensor muscle strength was the only factor influencing the use of walking aids (Table 3). The cut-off value for knee extensor muscle strength from the ROC curve was calculated to be 28.5% of the body weight. AUC, sensitivity, and specificity were 0.74%, 84.1%, and 55.2%, respectively (Figure 2).




4. Discussion


This study aimed to determine the factors that influence the use of walking aids in frail elderly patients at a senior day care center. Our results showed that the walking aid group scored significantly lower than the solo walking group for five items: FIM-M, knee extension muscle strength, Frail CS-10, SLS, and TUG. Multivariate analysis revealed that knee extension muscle strength was the only factor significantly associated with the use of walking aids. The cut-off value for knee extension muscle strength was 28.5%.



Previous studies have reported that low FIM-M scores were associated with falls [27,37]. Knee extension strength [38] and Frail CS-10 are methods used to evaluate lower limb muscle strength. Low values of knee extension strength and Frail CS-10 have reportedly been associated with a high risk of falling. SLS and TUG are balance assessment methods. SLS has been reported to increase the risk of falls at lower values [33]. TUG has been reported to increase the risk of falls at higher values [39]. Thus, it is clear that the significant differences observed between the two groups with regard to these five items increased the risk of falling. Individuals in the walking aid group in this study were at risk of falling and used walking aids to prevent falls. When walking aids were used to avoid falls [40], the subjects in question had significantly lower scores on the five measures related to fall risk compared with those who did not.



Logistic regression analysis was performed to determine whether or not a walking aid had to be used. For this analysis, use of walking aids was considered the dependent variable and the five measures that differed between the two groups as independent variables. Knee extension muscle strength was identified as an influencing factor for the use of walking aids. Walking aids have been reported to be effective in compensating for declines in balance [8]. However, SLS and TUG, which showed significant differences in the univariate analysis, did not show such differences in the multivariate analysis. Although there were significant differences in FIM-M, knee extension muscle strength, Frail CS-10, SLS, and TUG between the two groups, each of these measures alone was not a determinant of whether a walking aid was to be used. As balance function correlates with knee extension muscle strength in the elderly [41], we speculated that the walking aid group had impaired balance function due to diminished knee extension muscle strength and used walking aids to compensate for compromised balance. In addition, previous studies have shown that decreased knee extension muscle strength affected walking stability [42,43]. Multivariate analysis of factors affecting solo walking in elderly individuals reported knee extension muscle strength as an influencing factor [20]. The use of walking aids is recommended on observation of knee extension muscle weakness [8]. However, the load on the lower limbs decreases with the use of walking aids and the amount of load on the walking aid increases [44]. This suggests that the walking aid group may have become unstable and dependent on walking aids, owing to decreased knee extension muscle strength.



We created an ROC curve for knee extension muscle strength and examined the cut-off value to determine whether walking aids were to be used. The cut-off value for knee extension muscle strength was 28.5% (AUC 0.74; sensitivity 84.1%; specificity 55.2%). As the AUC was 0.74, it was considered to have moderate predictive ability [45]. Previous studies have reported that lower-limb muscle strength of at least 28.0% of body weight was required to move stably indoors without the use of walking aids [20]. Our results supported this notion. The sensitivity of the cut-off value was high, and the result was considered valid. However, its specificity was low (55.2%). This may be due to the fact that the mean knee extension strength of the solo walking group was 29.2%, which was close to the cut-off value of 28.5% for knee extension strength. Although the solo walking group had decreased knee extension muscle strength, several of the participants in this group had relatively high stability in walking and had minimum reliance on walking aids. This may be one possible explanation for the similarity between the cut-off value and mean knee extension muscle strength of the solo walking group.



Knee extensor muscle strength declines with age and is a factor in falls [43,46,47]. Walking aids can compensate for muscle weakness and stabilize gait [48]. Therefore, walking aids are expected to be effective in preventing falls in elderly people with reduced knee extension muscle strength. On the other hand, walking aids have the disadvantage of reducing the load on the lower limbs owing to their unloading effect, which leads to a decrease in knee extension muscle strength [49,50]. It has been reported that frail elderly persons can improve their lower limb muscle strength by performing resistance exercises [51,52]. Group training has also been reported to reduce the risk of falling [53]. Therefore, although muscle weakness caused by aging increases the risk of falling, the use of walking aids combined with training can reduce this risk.



This study was conducted to identify factors that influence the use of walking aids and found that knee extension muscle strength was the most important factor. The cut-off value of knee extensor muscle strength for determining whether or not a walking aid is used is 28.5%, suggesting that knee extensor muscle strength is the most important factor in determining whether or not a walking aid is used. This suggests that the use of walking aids, along with resistance exercises and group training, may be effective in preventing falls in frail elderly people with knee extension muscle strength of less than 28.5%, but this study did not go as far as to make that determination. It is important to prevent muscle weakness by continuing to apply weight to the lower limbs without using a walking aid, for those with knee extension muscle strength of 28.5% or greater. Recently, studies have been conducted to predict falls by using instruments, but they require specialized equipment [9,54]. In this study, a hand-held dynamometer was used, which is relatively inexpensive and easy to use [55]. It is clinically significant that we were able to demonstrate the possibility of easily determining the need for the use of a walking aid was used by frail elderly people with the use of a hand-held dynamometer.



This study has several key limitations. First, participants were divided into two groups according to whether they used a walking aid or not, but there was a difference in the number of subjects in the two groups. The reason for this difference is that the participants were not recruited according to whether or not they used a walking aid, but were later divided into the groups. The absence of differences between the two groups was confirmed using a chi-squared test and Student’s t-test. It would be preferable to have groups of equal sizes for greater homogeneity. Second, only the use of walking aids was assessed. In addition, this study was conducted as a cross-sectional study, and only the presence or absence of walking aids was determined. Therefore, the study was not able to determine the stability of the effects of walking aids.




5. Conclusions


This study revealed that knee extension muscle strength is more important than balance functions such as SLS or TUG in determining the use of walking aids by frail elderly patients at a senior day care center. The cut-off value of knee extension muscle strength for determining the use of walking aids was 28.5%.







Author Contributions


Conceptualization, Y.S. and S.M.; methodology, Y.S. and S.M.; formal analysis, Y.S., S.M., A.G. and H.N.; investigation, Y.S.; resources, S.M.; writing—original draft preparation, Y.S.; writing—review and editing, Y.S., S.M., A.G. and H.N.; visualization, Y.S.; supervision, S.M. and H.N.; project administration, S.M. and H.N. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board of Kyoto Tachibana University (approval numbers 21-24).




Informed Consent Statement


Informed consent was obtained from all participants involved in the study.




Data Availability Statement


The data used to support the findings of this study are available from the corresponding author upon request. The data are not publicly available because they contain information that can compromise the privacy of the research participants.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Seungmoon, S.; Hartmut, G. Predictive neuromechanical simulations indicate why walking performance declines with ageing. J. Physiol. 2018, 596, 1199–1210. [Google Scholar] [CrossRef]

	



Ronthal, M. Gait Disorders and Falls in the Elderly. Med. Clin. N. Am. 2019, 103, 203–213. [Google Scholar] [CrossRef] [PubMed]

	



Damulin, I.V. Changes in walking in the elderly. Zhurnal Nevrol. I Psikhiatrii Im. S.S. Korsakova 2018, 118, 100–104. [Google Scholar] [CrossRef] [PubMed]

	



Whipple, M.O.; Hamel, A.V.; Talley, K.M.C. Fear of falling among community-dwelling older adults: A scoping review to identify effective evidence-based interventions. Geriatr. Nurs. 2018, 39, 170–177. [Google Scholar] [CrossRef] [PubMed]

	



Jahn, K.; Zwergal, A.; Schniepp, R. Gait disturbances in old age: Classification, diagnosis, and treatment from a neurological perspective. Dtsch. Arztebl. Int. 2010, 107, 306–315. [Google Scholar] [CrossRef] [PubMed]

	



Peel, N.M. Epidemiology of falls in older age. Can. J. Aging Rev. Can. Vieil. 2011, 30, 7–19. [Google Scholar] [CrossRef]

	



Osoba, M.Y.; Rao, A.K.; Agrawal, S.K.; Lalwani, A.K. Balance and gait in the elderly: A contemporary review. Laryngoscope Investig. Otolaryngol. 2019, 4, 143–153. [Google Scholar] [CrossRef]

	



Miyasike-daSilva, V.; Tung, J.Y.; Zabukovec, J.R.; McIlroy, W.E. Use of mobility aids reduces attentional demand in challenging walking conditions. Gait Posture 2013, 37, 287–289. [Google Scholar] [CrossRef]

	



Lyu, Z.; Wang, L.; Gao, X.; Ma, Y. The Identification of Elderly People with High Fall Risk Using Machine Learning Algorithms. Healthcare 2022, 11, 47. [Google Scholar] [CrossRef]

	



Pfortmueller, C.A.; Lindner, G.; Exadaktylos, A.K. Reducing fall risk in the elderly: Risk factors and fall prevention, a systematic review. Minerva Med. 2014, 105, 275–281. [Google Scholar]

	



Patcharawan, S.; Candidate; Thiwabhorn, T.; Supapon, K.; Lugkana, M.; Sugalya, A. Walking devices used by community dwelling elderly: Proportion, types, and associated factors. Hong Kong Physiother. J. 2015, 33, 34–41. [Google Scholar]

	



Omana, H.A.; Madou, E.; Divine, A.; Wittich, W.; Hill, K.D.; Johnson, A.M.; Holmes, J.D.; Hunter, S.W. The effect of first-time 4-wheeled walker use on the gait of younger and older adults. PM&R 2022, 14, 1333–1342. [Google Scholar] [CrossRef]

	



Bradley, S.M.; Hernandez, C.R. Geriatric assistive devices. Am. Fam. Physician. 2011, 84, 405–411. [Google Scholar]

	



Thies, S.B.; Bates, A.; Costamagna, E.; Kenney, L.; Granat, M.; Webb, J.; Howard, D.; Baker, R.; Dawes, H. Are older people putting themselves at risk when using their walking frames? BMC Geriatr. 2020, 20, 90. [Google Scholar] [CrossRef]

	



Liu, H.H. Assessment of rolling walkers used by older adults in senior-living communities. Geriatr. Gerontol. Int. 2009, 9, 124–130. [Google Scholar] [CrossRef]

	



Iolascon, G.; Michini, C.; Sentinella, R.K.; Aulicino, M.; Moretti, A. The role of assistive devices in frail elderly people with fragility fractures: A narrative review. Int. J. Bone Frag. 2021, 1, 53–55. [Google Scholar] [CrossRef]

	



Bateni, H.; Maki, E.B. Assistive devices for balance and mobility: Benefits, demands, and adverse consequences. Arch. Phys. Med. Rehabil. 2005, 86, 134–145. [Google Scholar] [CrossRef]

	



Li, C.; Su, M.; Xu, J.; Jin, H.; Sun, L. A between-subject fNIRS-BCI study on detecting self-regulated intention during walking. IEEE Trans. Neural Syst. Rehabil. Eng. 2020, 28, 531–540. [Google Scholar] [CrossRef] [PubMed]

	



Hazra, S.; Dutta, S.; Nandy, A. A study on understanding cognitive states through gait analysis. Cogn. Syst. Res. 2021, 69, 41–49. [Google Scholar] [CrossRef]

	



Nishijima, T.; Koyama, R.; Naito, I.; Hatakeyama, S.; Yamasaki, H.; Oku, T. Relationship between knee extension muscle strength and walking ability in the elderly patients. Rigakuryoho Kagaku 2004, 19, 95–99. [Google Scholar] [CrossRef]

	



Ministry of Health. Labour and Welfare: Overview of Actual Statistics on Nursing Care Benefit Expenses. ETC. 2021. Available online: https://www.mhlw.go.jp/toukei/saikin/hw/kaigo/kyufu/21/dl/02.pdf (accessed on 3 December 2022).

	



Yamada, M.; Arai, H. Long-term care system in Japan. Ann. Geriatr. Med. Res. 2020, 24, 174–180. [Google Scholar] [CrossRef] [PubMed]

	



Makizako, H.; Shimada, H.; Tsutsumimoto, K.; Makino, K.; Nakakubo, S.; Ishii, H.; Suzuki, T.; DOI, T. Physical frailty and future costs of long-term care in older adults: Results from the NCGG-SGS. Gerontology 2021, 67, 695–704. [Google Scholar] [CrossRef] [PubMed]

	



Park, K.W.; Pavlik, V.N.; Rountree, S.D.; Darby, E.J.; Doody, R.S. Is functional decline necessary for a diagnosis of Alzheimer’s disease? Dement. Geriatr. Cogn. Disord. 2007, 24, 375–379. [Google Scholar] [CrossRef] [PubMed]

	



Kang, H. Sample size determination and power analysis using the G*Power software. J. Educ. Eval. Health Prof. 2021, 18, 17. [Google Scholar] [CrossRef]

	



Pachet, A.; Astner, K.; Brown, L. Clinical utility of the mini-mental status examination when assessing decision-making capacity. J. Geriatr. Psychiatry Neurol. 2010, 23, 3–8. [Google Scholar] [CrossRef]

	



Fusco-Gessick, B.; Cournan, M. Using Functional Independence Measure Subscales to Predict Falls-Rapid Assessment. Rehabil. Nurs. 2019, 44, 236–244. [Google Scholar] [CrossRef]

	



Ministry of Education, Culture, Sports, Science and Technology. Japan’s Education at a Glance. 2006. Available online: https://www.mext.go.jp/component/english/__icsFiles/afieldfile/2011/03/07/1303013_000.pdf (accessed on 16 November 2022).

	



Kamide, N.; Kamiya, R.; Nakazono, T.; Ando, M. Reference values for hand grip strength in Japanese community-dwelling elderly: A meta-analysis. Environ. Health Prev. Med. 2015, 20, 441–446. [Google Scholar] [CrossRef]

	



Iwase, H.; Murata, S.; Anami, K.; Matsuo, N.; Sato, H.; Harada, J.; Imanishi, K.; Fukunaga, K.; Madoba, K. Examination of a Simple Lower Limb Function Assessment Method: The 10-second Chair-standing Test. Rigakuryoho Kagaku 2013, 28, 27–30. [Google Scholar] [CrossRef]

	



Murata, S.; Goda, A.; Nakano, H.; Yasui, M.; Takaya, M.; Hanashiro, A.; Kamijo, K. Relationships between different stand-up test and physical functions among elderly day-care users. Jpn. J. Health Prom. Phys. Ther. 2020, 10, 67–71. [Google Scholar] [CrossRef]

	



Murata, S.; Otao, H.; Murata, J.; Horie, J.; Onituka, M.; Yokoyama, T.; Hara, H. Relationship between the 10-second chair stand test (frail CS−10) and physical function among the frail elderly. Rigakuryoho Kagaku 2010, 25, 431–435. [Google Scholar] [CrossRef]

	



Chang, C.J.; Chang, Y.S.; Yang, S.W. Using single leg standing time to predict the fall risk in elderly. Annu. Int. Conf. IEEE Eng. Med. Biol. Soc. 2013, 2013, 7456–7458. [Google Scholar] [CrossRef] [PubMed]

	



Owada, H.; Otomo, A.; Suzuki, Y.; Suto, A.; Murakami, K.; Kishikawa, Y. The relationship between frailty and motor function among living in the community elderly females. J. Phys. Ther. Sci. 2023, 35, 70–74. [Google Scholar] [CrossRef] [PubMed]

	



Kamide, N.; Takahashi, K.; Shiba, Y. Reference values for the Timed Up and Go test in healthy Japanese elderly people: Determination using the methodology of meta-analysis. Geriatr. Gerontol. Int. 2011, 11, 445–451. [Google Scholar] [CrossRef] [PubMed]

	



Hughes, G. Youden’s index and the weight of evidence. Methods Inf. Med. 2015, 54, 198–199. [Google Scholar] [CrossRef] [PubMed]

	



Forrest, G.; Chen, E. Efficient Assessment of Risk of Fall. Rehab. Nurs. 2016, 41, 320–325. [Google Scholar] [CrossRef]

	



Singhal, S.; Bansal, R.; Dewangan, G.C.; Upadhyay, A.D.; Dwivedi, S.N.; Chatterjee, P.; Chakrawarty, A.; Dey, A.B. Low one-repetition-maximum knee extension is significantly associated with poor grip strength, female sex, and various aging-related syndromes. Aging Med. 2020, 3, 125–131. [Google Scholar] [CrossRef]

	



Lee, Y.; Chang, S.; Kao, C.; Tsai, H.C. Muscle Strength, Physical Fitness, Balance, and Walking Ability at Risk of Fall for Prefrail Older People. Biomed Res. Int. 2022, 2022, 4581126. [Google Scholar] [CrossRef]

	



Avin, K.G.; Hanke, T.A.; Kirk-Sanchez, N.; McDonough, C.M.; Shubert, T.E.; Hardage, J.; Hartley, G.; Academy of Geriatric Physical Therapy of the American Physical Therapy Association. Management of falls in community-dwelling older adults: Clinical guidance statement from the Academy of Geriatric Physical Therapy of the American Physical Therapy Association. Phys. Ther. 2015, 95, 815–834. [Google Scholar] [CrossRef]

	



Zarei, H.; Norasteh, A.A.; Koohboomi, M. The relationship between muscle strength and range of motion in lower extremity with balance and risk of falling in Elderl. Physical Treatments—Specific. Phys. Ther. 2020, 10, 33–40. [Google Scholar]

	



Uematsu, A.; Tsuchiya, K.; Kadono, N.; Kobayashi, H.; Kaetsu, T.; Hortobágyi, T.; Suzuki, S. A behavioral mechanism of how increases in leg strength improve old adults’ gait speed. PLoS ONE 2014, 9, 10–1371. [Google Scholar] [CrossRef]

	



Ding, L.; Yang, F. Muscle weakness is related to slip-initiated falls among community-dwelling older adults. J. Biomech. 2016, 49, 238–243. [Google Scholar] [CrossRef] [PubMed]

	



Yamauchi, S.; Morishita, S.; Honda, Y.; Nagase, M.; Tsuda, K.; Mabuchi, S.; Kodama, N.; Domen, K. Examination of related factors and cut-off values for determining walking Independence of inpatients with medical disease in acute care hospitals. Rigaku Ryohogaku 2015, 42, 237–245. [Google Scholar]

	



Rantanen, T.; Guralnik, J.M.; Ferrucci, L.; Penninx, B.W.; Leveille, S.; Sipilä, S.; Fried, L.P. Coimpairments as predictors of severe walking disability in older women. J. Am. Geriatr. Soc. 2001, 49, 21–27. [Google Scholar] [CrossRef]

	



Bento, P.C.; Pereira, G.; Ugrinowitsch, C.; Rodacki, A.L. Peak torque and rate of torque development in elderly with and without fall history. Clin. Biomech. 2010, 25, 450–454. [Google Scholar] [CrossRef] [PubMed]

	



Karabin, M.J.; Sparto, P.J.; Rosano, C.; Redfern, M.S. Impact of strength and balance on Functional Gait Assessment performance in older adults. Gait Posture 2022, 91, 306–311. [Google Scholar] [CrossRef] [PubMed]

	



Faruqui, S.R.; Jaeblon, T. Ambulatory assistive devices in orthopaedics: Uses and modifications. J. Am. Acad. Orthop. Surg. 2010, 18, 41–50. [Google Scholar] [CrossRef]

	



Youdas, J.W.; Kotajarvi, B.J.; Padgett, D.J.; Kaufman, K.R. Partial weight-bearing gait using conventional assistive devices. Arch. Phys. Med. Rehabil. 2005, 86, 394–398. [Google Scholar] [CrossRef]

	



Aragaki, D.R.; Nasmyth, M.C.; Schultz, S.C.; Nguyen, G.M.; Yentes, J.M.; Kao, K.; Perell, K.; Fang, M.A. Immediate effects of contralateral and ipsilateral cane use on normal adult gait. PM&R 2009, 1, 208–213. [Google Scholar] [CrossRef]

	



Arnold, P.; Bautmans, I. The influence of strength training on muscle activation in elderly persons: A systematic review and meta-analysis. Exp. Gerontol. 2014, 58, 58–68. [Google Scholar] [CrossRef]

	



Lippi, L.; de Sire, A.; Mezian, K.; Curci, C.; Perrero, L.; Turco, A.; Andaloro, S.; Ammendolia, A.; Fusco, N.; Invernizzi, M. Impact of exercise training on muscle mitochondria modifications in older adults: A systematic review of randomized controlled trials. Aging Clin. Exp. Res. 2022, 34, 1495–1510. [Google Scholar] [CrossRef]

	



Aranda-Reneo, I.; Albornos-Muñoz, L.; Rich-Ruiz, M.; Cidoncha-Moreno, M.Á.; Pastor-López, Á.; Moreno-Casbas, T.; Otago Project Working Group. Cost-Effectiveness of an Exercise Programme That Provided Group or Individual Training to Reduce the Fall Risk in Healthy Community-Dwelling People Aged 65–80: A Secondary Data Analysis. Healthcare 2021, 9, 714. [Google Scholar] [CrossRef] [PubMed]

	



Usmani, S.; Saboor, A.; Haris, M.; Khan, M.A.; Park, H. Latest Research Trends in Fall Detection and Prevention Using Machine Learning: A Systematic Review. Sensors 2021, 21, 5134. [Google Scholar] [CrossRef] [PubMed]

	



Grootswagers, P.; Vaes, A.M.M.; Hangelbroek, R.; Tieland, M.; van Loon, L.J.C.; de Groot, L.C.P.G.M. Relative Validity and Reliability of Isometric Lower Extremity Strength Assessment in Older Adults by Using a Handheld Dynamometer. Sport. Health 2022, 14, 899–905. [Google Scholar] [CrossRef] [PubMed]








[image: Healthcare 11 00858 g001 550] 





Figure 1. Participant selection flowchart. 
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Figure 2. Receiver Operating Characteristic curve for delineating knee extension strength for the use of walking aids. AUC: Area Under the Curve. 
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Table 1. Comparison of basic attributes between the two groups.
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All

	
Solo Walking Group

	
Walking Aid Group

	
p-Value






	
 Sex

	

	

	

	

	

	




	
  Male (n)

	
49

	
33

	
16

	
0.86




	
  Female (n)

	
82

	
54

	
28

	




	

	
Mean

	
±

	
SD

	
Mean

	
±

	
SD

	
Mean

	
±

	
SD

	




	
  Age (years)

	
82.7

	
±

	
6.4

	
82.6

	
±

	
6.1

	
82.9

	
±

	
6.7

	
0.80




	
  MMSE (points)

	
24.3

	
±

	
2.5

	
24.5

	
±

	
2.5

	
24.1

	
±

	
2.3

	
0.42




	
 Main disease

	

	

	

	




	
  Bone fracture (n)

	
37

	
22

	
15

	
0.66




	
  Osteoarthritis (n)

	
25

	
16

	
9

	




	
  Cerebrovascular

  disease (n)

	
20

	
13

	
7

	




	
  Aging (n)

	
15

	
10

	
5

	




	
  Other (n)

	
34

	
26

	
8

	








SD: standard deviation; MMSE: Mini Mental State Examination. Sex, main disease: chi-squared test; age, MMSE: Student’s t-test. 
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Table 2. Comparison of measurement results between the two groups.
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Solo Walking Group

	
Walking Aid Group

	
p-Value




	
Mean

	
±

	
SD

	
Mean

	
±

	
SD






	
FIM-M (points)

	
76.9

	
±

	
7.3

	
73.7

	
±

	
6.1

	
0.00 *




	
Grip strength (kg)

	
15.7

	
±

	
4.6

	
14.8

	
±

	
4.4

	
0.21




	
Knee extension strength (%)

	
29.2

	
±

	
5.4

	
25.0

	
±

	
4.0

	
0.00 *




	
Frail CS-10 (times)

	
3.4

	
±

	
1.3

	
2.6

	
±

	
1.3

	
0.00 *




	
SLS (s)

	
2.9

	
±

	
3.7

	
1.5

	
±

	
1.1

	
0.00 *




	
TUG (s)

	
14.2

	
±

	
4.2

	
17.4

	
±

	
4.0

	
0.00 *




	
MMSE (points)

	
24.5

	
±

	
2.5

	
24.1

	
±

	
2.3

	
0.48








SD: standard deviation; FIM-M: Functional Independence Measure Motor sub-scores; Frail CS-10: 10 s Chair Stand test for Frail elderly; SLS: Single-Leg Standing; TUG: Timed Up and Go test; MMSE: Mini Mental State Examination. FIM-M, grip strength, Frail CS-10, TUG, MMSE: Student’s t-test; knee extension strength, SLS: Welch’s t-test; * p < 0.05.
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Table 3. Results of logistic regression analysis.
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	B
	SD
	Wald
	p-Value
	Exp (B)
	95% CI





	FIM-M
	0.03
	0.04
	0.40
	0.53
	1.03
	0.95–1.11



	Knee extension strength
	−0.14
	0.06
	6.25
	0.00 *
	0.87
	0.78–0.97



	Frail CS-10
	−0.10
	0.21
	0.22
	0.64
	0.91
	0.61–1.36



	SLS
	−0.27
	0.18
	2.26
	0.13
	0.76
	0.54–1.09



	TUG
	0.05
	0.07
	0.69
	0.40
	1.06
	0.93–1.20



	Constant
	1.11
	3.58
	0.10
	0.76
	3.03
	







FIM-M: Functional Independence Measure Motor sub-scores; Frail CS-10: 10 s Chair Stand test for Frail elderly; SLS: Single-Leg Standing; TUG: Timed Up and Go test; B: unstandardized coefficient; SD: standard deviation; CI: Confidence interval; * p < 0.05.
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