
1. Introduction

Gait is one of the fundamental indicators for maintaining the

ability to perform activities of daily living (ADL).1 However, gait abil-

ity in older adults with ADL disability is very low.2 For example, a gait

speed of 1.0 m/s has been shown to reflect the likelihood of good

health and better survival but the gait speed of older adults with ADL

disability is reportedly 0.47 m/s.2 This implies that older adults with

ADL disability are at risk of suffering a decline in health, mobility,

autonomy, social contacts, and mental well-being.2 Thus, the im-

provement of gait ability is especially important in this population.

Physical training can prevent or reduce the decline of gait ability

in older adults.3,4 Previous studies have suggested that gait ability

was improved in older adults with ADL disability by using multi-

component physical training that was focused on resistance and

balance training.5–8 However, Arrieta et al. noted that many older

adults with ADL disability were hesitant to implement these exercise

programs due to fear of injury.5 Therefore, there is a need to develop

a physical training that poses no risk of injury and can be performed

while sitting on the floor or on a chair. A previous study investigated

whether foot functional training called “Building Osteo Neatly Exer-

cise” improved bone strength and plantar pressure distribution in

college-age women.9 This previous study reported that performing

this training while sitting on the floor or on a chair significantly im-

proved bone strength, which was measured using the quantitative

ultrasound system (QUS), and plantar pressure distribution.9 Gait

ability is greatly affected by foot functions such as plantar pressure

distribution and bone strength.10,11 Therefore, improved plantar

pressure distribution and bone strength following foot functional

training would improve gait ability. However, it is unknown whether

this program improves gait ability, plantar pressure distribution, and

bone strength in older adults with ADL disability. Moreover, clini-

cians are faced with the challenge of providing evidence-based re-

commendations for the foot functional exercise program.

Therefore, the purpose of the present study was to examine the

effects of foot functional training on gait ability, plantar pressure

distribution, and bone strength in older adults with ADL disability.

Based on a previous study,9 we hypothesized that foot functional

training would improve plantar pressure distribution and bone st-

rength in the foot, resulting in increased gait ability.

2. Materials and methods

2.1. Participants and experimental design

This study was a 4-month single-center randomized controlled
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trial conducted at a nursing care home between December, 2017

and March, 2018. The study was approved by the Research Ethics

Committee of the Graduate School of Education, Hiroshima Univer-

sity (no IRB/reference number was granted), and all participants

provided written informed consent to participate in the present

study.

A flowchart of the present study is shown in Figure 1. Initially, 36

subjects were recruited for the study from a long-term nursing home.

Assessments to determine the eligibility of the subjects for the study

included physical performance tests. The inclusion criteria for the

study were 1) age, 75 years or older, 2) ability to walk 6 m without a

walking aid, 3) ability to comprehend the study procedures, 4) non-

contraindication for participation in the study, 5) absence of a rapidly

progressive or terminal illness, and 6) support level 2 or care level

1–4 diagnosis of ADL disability by a medical doctor, according to the

definition of the Japanese government.12 Difficulty in ADL or in-

strumental ADL in each level was defined as below: doing house-

work at the support level 2, daily decision-making and shopping at

the care level 1, walking at the care level 2, dressing, bathing, and

toileting at the care level 3, and transferring at the care level 4.12

After eligibility assessments, two subjects did not meet the criteria.

Finally, 34 participants were recruited for the study. Participants

were randomly allocated to either the intervention group (n = 17) or

the control group (n = 17). The allocation was performed after the

completion of all baseline measurements. An experimenter (YY),

who was not involved in the intervention or assessment, performed

separate randomization via lottery draw using sealed opaque en-

velopes. Two experimenters (SM and SK), who were blinded to the

intervention assignment, measured outcomes before and after the

4-month intervention period.

2.2. Control group activities

The control group participated in the routine activities that the

nursing home typically offered to attendees. These activities in-

cluded playing “Go” and “Shogi”, reading, and singing. All activities

were low intensity.

2.3. Foot functional training

The intervention group underwent foot functional training for

60 min twice a week over the course of 4 months, in addition to the

activities of the control group. The training was handled by an ex-

perienced physical trainer (SM) and was performed through super-

vised sessions (i.e., group training) between 0900 h and 1000 h. The

foot functional training called “Building Osteo Neatly Exercise” is

summarized in Figure 2. This functional training was indicated by a

previous study.9 It was designed to apply mechanical loads and vi-

bration to the bones of the foot. This training comprises 12 steps;

four sets of each step is performed (two sets for each foot) and the

training focuses on strengthening the bones of two important func-

tional points of the foot – the arches and forefoot. Steps 1–4 were

performed while sitting on the floor, while steps 5–12 were per-

formed while sitting on a chair. Loading was performed within the

pain-free range of the individual and was adjusted on an individual

basis.

2.4. Measurements

The primary outcome was gait speed. Gait speed was measured

using the fast 6-m gait time. The time required to complete a 6-m
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Figure 1. The flow of the randomized controlled study.



gait on a straight line from a static start was measured. The within-

subject coefficient of variation for gait speed was 4.7 � 3.3% in the

pilot work.

The bone strength of the right calcaneus was evaluated using a

QUS (Benus Evo, Shibuya Corp., Japan).9 This study evaluated the

bone strength of the calcaneus by speed of sound (SOS), which

represents the velocity of ultrasound transmission through the

calcaneus.13 The within-subject coefficient of variation for SOS was

0.4 � 0.5% in the pilot work.

To measure the plantar pressure distribution, each participant

was required to walk on a Metascan pressure mat (Footmaxx Co.,

Roanoke, USA) using five trials of six steps each (three steps on each

foot). Plantar pressure was measured for the rearfoot, including the

midfoot and the heel, and for the forefoot, including the 1st–5th

metatarsophalangeal joints, the hallux, and the lesser toes. The con-

tact time during gait was normalized as 0 (the first contact of the

foot) to 100% (the end of the contact). The peak pressures of the

forefoot and rearfoot at 0 to 50% and at 51 to 100% of the contact

time (the contact and propulsive phases, respectively) were calcu-

lated. The within-subject coefficient of variation for plantar pressure

distribution was 6.7 � 5.1% in the pilot work.

The rating of perceived exertion (RPE; 6 [very, very light] to 20

[maximal exertion]),14 affective valence (-5 [the most displeasure

you have ever felt] to 5 [the most pleasure you have ever felt]),15 and

perceived activation (1 [lowest activation] to 6 [highest activation])16

were measured before and after the training intervention using pre-

viously established methods when participants first experienced the

program.

322 T. Yanaoka et al.

Figure 2. The twelve steps of the Building Osteo Neatly Exercise program.



2.5. Statistical analyses

The sample size was estimated via G*Power 3,17 using data from

a previous study.5 To detect improvements in gait ability with a power

of 80% and an alpha level of 5%, a sample size of � 26 participants was

required. All statistical analyses were performed using SPSS (version

25.0, SPSS Japan Inc., Japan). Unless otherwise stated, all values are

expressed as mean � standard deviation (SD). The Shapiro-Wilk test

was used to check for normality of distribution. Gait speed and SOS

values were normally distributed and were therefore analyzed using a

repeated-measures two-factor (group � time) analysis of variance to

examine differences between the groups. Where significant inter-

actions were detected, post-hoc multiple comparisons were made

using the unpaired or paired t-test. Gait speed and SOS values were

also analyzed using Cohen’s d effect sizes, in which � 0.8 was cate-

gorized as a large effect, 0.5 to 0.79 as a moderate effect, and < 0.49

as a small effect.18 Due to the violation of the normality assumption

for plantar pressure distribution and perceptual values, the magni-

tudes of changes (�) in these values during the experiment were

calculated and analyzed using the Mann-Whitney U test. Correlation

coefficients were determined using Pearson’s product-moment test.

Statistical significance was set at p < 0.05.

3. Results

In the present study, 27 participants (79%) in the intervention (n

= 14 [support level 2, n = 1; care level 1, n = 8; care level 2, n = 2; care

level 3, n = 2; care level 4, n = 1]) and control (n = 13 [support level 2,

n = 1; care level 1, n = 5; care level 2, n = 5; care level 3, n = 2]) groups

completed the 4-month follow-up and assessment. The age, sex, and

baseline anthropometric characteristics of the participants are

summarized in Table 1. There were no significant differences be-

tween the groups.

3.1. Gait speed

There was a group � time interaction for gait speed (p < 0.001).

No significant difference was observed for gait speed between be-

fore and after the training period in the control group (p = 0.078, d =

0.29, Table 2). However, in the intervention group, gait speed after

the training significantly increased compared to before the training

(p < 0.001, d = 0.98). The gait speed after the training period was

significantly higher in the intervention group than in the control

group (p = 0.047, d = 0.80).

Gait speed was correlated with SOS and the peak pressures of

the forefoot and rearfoot at the propulsive phase (SOS: r = 052, p <

0.001; forefoot: r = 0.27, p = 0.048; rearfoot: r = -0.43, p = 0.001).

3.2. Speed of sound

There was a group � time interaction for SOS (p < 0.001). In the

control group, SOS after the training period significantly decreased

compared to before the training period (p = 0.001, d = 0.39, Table 2).

However, in the intervention group, SOS after the training signi-

ficantly increased compared to before the training (p < 0.001, d =

0.79). The SOS after the training period was significantly higher in

the intervention group than in the control group (p = 0.042, d =

0.83).

3.3. Plantar pressure distribution

Figure 3 shows the mean changes of plantar pressure distribu-

tion before and after the training in the intervention group. Before

the intervention, the pressure of the rearfoot was observed through-

out the gait. However, after the intervention, this pressure was not

observed during the propulsive phase. �peak pressure of the fore-

foot at the propulsive phase was significantly higher in the inter-

vention group than in the control group (p = 0.003, Table 2).

3.4. Perceptual index

There were no significant differences in �RPE between the

groups. However, �affective valence and �perceived activation were

significantly higher in the intervention group than in the control

group (�affective valence: intervention 2 [-2–5], control 0 [-4–0], p <

0.001; �perceived activation: intervention 3 [0–5], control 0 [-4–2], p

= 0.001; median [minimum–maximum]).

4. Discussion

The present study aimed to examine whether foot functional

training improved gait ability, plantar pressure distribution, and

bone strength in older adults with ADL disability. To the best of our
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Table 1

Descriptive characteristics of study participants.

Intervention group (n = 14) Control group (n = 13)

Age (years) 86.1 � 5.2 84.6 � 6.1

Women (number) 10 10

Body mass (kg) 49.8 � 8.5 46.8 � 8.1

Body height (cm) 152.9 � 7.10 148.1 � 9.00

BMI (kg/m
2
) 21.2 � 2.3 21.3 � 2.5

Data are expressed as mean � standard deviation. BMI: body mass index.

Table 2

The gait speed, speed of sound (SOS), and peak pressures of the forefoot and rearfoot between the groups.

Intervention group (n = 14) Control group (n = 13)

Before After � Before After �

Gait speed (m/s) 0.61 � 0.22 000.84 � 0.26*
#

- 0.72 � 0.33 0
#
0.63 � 0.27 -

SOS (m/s) 1536 � 1600. 1550 � 19*
#

- 1542 � 2900 1530 � 28
#

-

Peak pressure (%)

Fore foot

Contact phase 39.4 (0.0–86.3) 36.6 (0.0–80.5) 1.0 (-51.2–51.5) 43.5 (14.4–74.8) 54.4 (9.8–69.4) -3.1 (-44.4–52.6)

Propulsive phase 65.8 (0.0–81.3) 070.9 (51.4–87.8) *2.9* (-12.5–59.7) 71.9 (34.4–83.6) 63.8 (7.1–85.0) -7.0 (-38.2–26.2)

Rear foot

Contact phase 0103.2 (39.4–138.5) 0090.8 (63.6–284.2) 00.5 (-39.6–153.0) 106.9 (83.6–67.3)0 0091.4 (26.6–150.8) -0.0 (-90.4–62.0)

Propulsive phase 014.3 (0.0–126.9) 00.0 (0.0–31.4) -14.3 (-119.6–29.0) 11.3 (0.0–162.6) 003.9 (0.0–139.4) -8.1 (-59.4–59.9)

Gait speed and SOS data are expressed as mean � standard deviation (n = 27).

Peak pressure data are expressed as median (minimum–maximum) (n = 27).

* Significant difference between the groups (p < 0.05),
#

Significant difference from the Pre (p < 0.05).



knowledge, there is no previous study that investigated the effect of

foot functional training on these outcomes in older adults with ADL

disability. Therefore, the present study is novel because the inter-

vention was centered on foot function. The main finding of this study

was that foot functional training for 60 min twice a week over 4

months improved gait speed by 39%. The improvement in gait speed

is especially important for older adults with ADL disability because a

decline in gait speed may be associated with several adverse out-

comes.19,20 Previous studies suggested that a slower gait speed can

predict accelerated functional and health declines, falls, institu-

tionalization, and mortality in older adults.19,20 Abellan Van Kan et

al. suggested that a 0.1 m/s increase in gait speed after physical

training reduced the absolute risk of death by 17.7%.20 The present

study demonstrated a 0.2 m/s increase in gait speed after the 4-

month foot functional training. The rate of increase in gait speed fol-

lowing foot functional training in the present study is higher than

those of recently published studies in which multi-component phy-

sical training was used (in studies by Arrieta et al. and Cadore et al.,

the rates were 14% and 5%, respectively).5,6 These findings suggest

that foot functional training may be effective for increasing gait

speed and may reduce the risk of future health-related events (i.e., a

reduction of absolute risk of death) in older adults with ADL dis-

ability.

The SOS at the heel can predict non-spine fractures in older

Japanese adults.21 Thus, the maintenance and/or improvement of

the SOS at the heel may be important for preventing non-spine frac-

tures in older Japanese adults. Many studies have suggested that

physical training can increase bone strength or prevent the decline

of bone strength in older adults.22,23 The present study also reported

that the 4-month foot functional training improved bone strength

according to the SOS-based evidence. The magnitude of increase in

SOS after the 4-month foot functional training was approximately 1

SD in the intervention group. According to Fujiwara et al.,21 a de-

crease of 1 SD in SOS was associated with a risk ratio of 2.50 for hip

fracture, 1.44 for wrist fracture, and 1.54 for non-spine fracture in

older Japanese adults. The observed SOS improvement in the pre-

sent study could, therefore, have clinical importance for older adults

with ADL disability. In addition, although the participants in our

study are older (86.1 � 5.2 years) than those of a previous study

(64.5 � 5.5 years), the rate of increase of SOS at the foot in the

present study is higher than that in the previous study (0.9% and

0.2%, respectively).24 Mechanical loadings, including tension, com-

pression, and fluid shear stress are stimuli that play essential roles in

increasing bone strength.25 Moreover, bone strength increases only

at sites where these stimuli are applied.26 Thus, foot functional train-

ing, which was aimed to apply mechanical loads to the foot, may be

more effective for increasing bone strength in the foot compared to

a previous physical training.24

We considered plantar pressure distribution because previous

studies did not address whether physical trainings could affect plan-

tar pressure in older adults with ADL disability. In the plantar pres-

sure force curve during gait, a bimodal waveform with peaks ranging

from 1.0 to 1.5 body weights is usually observed after a small initial

peak.11 Notably, a bimodal waveform, which is observed at 70%

contact time, is important for fast gait because it is related to the

horizontal component of the ground reaction force for gait.11 More-

over, the peak pressure of the forefoot (the magnitude of a bimodal

waveform) was associated with gait speed in a previous study.27

Furthermore, in the present study, the correlations between gait

speed and the peak pressures of the forefoot at the propulsive phase

support this previous finding. However, since it is difficult for older

adults to leave the heel on the ground at the propulsive phase, a

bimodal waveform was not observed.28 This suggests that older

adults may be unable to gain shearing forces for fast gait. Although,

in the present study, the entire foot was in contact with the ground

throughout gait before the intervention (Figure 3A), the foot func-

tional training decreased the plantar pressure distribution at the

rearfoot in the propulsive phase (Figure 3B). Moreover, the peak

pressures of the forefoot in the propulsive phase were improved by

the foot functional training (Table 2). Thus, an increase in gait speed

following the foot functional training may be attributed to improved

plantar pressure distribution at the propulsive phase.

We did not investigate the mechanisms underlying the impro-

vement in plantar pressure distribution following the foot functional

training. It could be hypothesized that the flexibility of the meta-

tarsophalangeal joints and the plantar flexor muscle strength of the

toes may have increased following the foot functional training. A

previous study reported that increased peak pressure of the forefoot

was associated with increases in the range of motion of the meta-

tarsophalangeal joints and the strength of the plantar flexor mus-

cles.27 A previous study reported that a 4-week physical training,

which involved stretching and strengthening exercises for the first

metatarsophalangeal joint, could improve the flexibility of the meta-

tarsophalangeal joints.29 Similarly, the foot functional training in the

present study included stretching exercises for the metatarsophal-

angeal joints and strengthening exercises for the plantar flexor mus-

cles of the toes (Figure 2). However, we cannot ascertain whether

the flexibility of the metatarsophalangeal joints and strength of the

plantar flexor muscles were improved by the exercises.

A strength of the foot functional training was that no risk of

injury was associated with the training because it was performed

while sitting on the floor or on a chair. Aditionally, no adverse events
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Figure 3. The plantar pressure distribution of the mean values before (A) and after (B) the physical training in the intervention group. Data are expressed as

mean (n = 27). Error bars are omitted for clarity.



were observed in the intervention group. Many older adults with

ADL disability are hesitant to implement exercise programs due to

the fear of injury.5 Although the foot functional training did not in-

crease the RPE, it increased the affective valence and perceived

activation. These results support the clinical application of the foot

functional training.

There are some limitations of the study that should be ad-

dressed. First, the results have limited generalizability because there

was a narrow range of physical function among the participants. A

previous study reported that significant improvements in physical

function were observed following physical trainings in participants

with worse physical function before the training; however, only few

training effects were noted in participants with better physical func-

tion before the training.5 In the present study, the pre-intervention

gait speed was comparable to that of participants in a previous study

who had worse physical function before training.5 Thus, it is unclear

to determine whether the present results may be obtained in in-

dividuals with higher physical function compared to our study par-

ticipants. Moreover, although improvements in gait ability were ob-

served in the participants of the present study, restrictions in other

activities were not investigated. A previous review suggested that

physical training improved standardized measures of ADL in older

adults with ADL disability.30 Thus, future research should investigate

whether foot functional training affects restrictions in other ac-

tivities. Finally, although QUS is not the best measure for bone min-

eral density, it was used in the present study. Dual-energy X-ray

absorptiometry (DXA) is a better measure for bone strength. How-

ever, QUS, unlike DXA, assesses bone quality and can provide inde-

pendent information regarding fracture risk.31,32 A previous study

suggested that QUS appeared to be superior to DXA in predicting hip

fractures.21,33 Moreover, in the present study, we did not measure

other parameters of QUS, such as broadband ultrasound attenua-

tion, due to the inability of our QUS device to assess this variable.

However, in a Japanese population, SOS may be a better predictor of

hip fracture than broadband ultrasound attenuation.21 Thus, the

improvement in SOS observed in the present study has clinical

importance.

In conclusion, foot functional training significantly improved

bone strength in the foot and plantar pressure distribution. These

improvements resulted in increased gait speed. The 4-month foot

functional training should be recommended for older adults with

ADL disability.

Acknowledgments

The authors thank the participants and nursing care home for

their cooperation. This work was supported by JSPS KAKENHI Grant

Number 19K11718, the Kao foundation for health & science, and the

Daiwa Securities Health Foundation.

Declaration of conflicts of interest

The authors report no conflict of interest.

References

1. Frändin K, Grönstedt H, Helbostad JL, et al. Long-term effects of in-

dividually tailored physical training and activity on physical function,

well-being and cognition in scandinavian nursing home residents: A ran-

domized controlled trial. Gerontology. 2016;62:571–580.

2. Kuys SS, Peel NM, Klein K, et al. Gait speed in ambulant older people in

long term care: A systematic review and meta-analysis. J Am Med Dir

Assoc. 2014;15:194–200.

3. Crocker T, Forster A, Young J, et al. Physical rehabilitation for older people

in long-term care. Cochrane Database Syst Rev. 2013;(2):CD004294.

4. Arrieta H, Rezola-Pardo C, Gil SM, et al. Physical training maintains or

improves gait ability in long-term nursing home residents: A systematic

review of randomized controlled trials. Maturitas. 2018;109:45–52.

5. Arrieta H, Rezola-Pardo C, Zarrazquin I, et al. A multicomponent exercise

program improves physical function in long-term nursing home resi-

dents: A randomized controlled trial. Exp Gerontol. 2018;103:94–100.

6. Cadore EL, Casas-Herrero A, Zambom-Ferraresi F, et al. Multicomponent

exercises including muscle power training enhance muscle mass, power

output, and functional outcomes in institutionalized frail nonagenarians.

Age (Dordr). 2014;36:773–785.

7. Kume Y, Tsugaruya M, Inomata S, et al. Effective strategy of the multi-

component exercise program for older individuals in a depopulated rural

region. Int J Gerontol. 2019;13:183–184.

8. Lee SC, Tsai JM, Tsai LY, et al. Promoting physical activity and reducing

frailty of middle-aged and older adults in community: The effects of a

health promotion program combining smart phone learning and exer-

cise. Int J Gerontol. 2019;13:320–324.

9. Kurosaka S, Ueda T, Yamasaki Y, et al. Effect of the “Building Osteo Neatly

Exercise” program on quantitative ultrasound parameters and plantar

pressure distribution for college-aged females. J Phys Ther Sci. 2019;31:

717–723.

10. Sakazaki T, Koike T, Yanagimoto Y, et al. Association between gait speed

and bone strength in community-dwelling postmenopausal Japanese

women. Environ Health Prev Med. 2012;17:394–400.

11. Breit GA, Whalen RT. Prediction of human gait parameters from temporal

measures of foot-ground contact. Med Sci Sports Exerc. 1997;29:540–

547.

12. Ministry of Health, Labor and Welfare. Long-Term Care Insurance System

of Japan. Tokyo, Japan: Ministry of Health, Labor and Welfare; 2016.

Available at https://www.mhlw.go.jp/english/policy/care-welfare/care-

welfare-elderly/dl/ltcisj_e.pdf. Accessed April 12, 2020.

13. Schott AM, Hans D, Sornay-Rendu E, et al. Ultrasound measurements on

os calcis: Precision and age-related changes in a normal female popula-

tion. Osteoporos Int. 1993;3:249–254.

14. Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports

Exerc. 1982;14:377–381.

15. Russell JA, Barrett LF. Core affect, prototypical emotional episodes, and

other things called emotion: Dissecting the elephant. J Pers Soc Psychol.

1999;76:805–819.

16. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed.

Hillsdale, US: Lawrence Erlbaum Associates; 1988.

17. Faul F, Erdfelder E, Lang AG, et al. G*Power 3: A flexible statistical power

analysis program for the social, behavioral, and biomedical sciences.

Behav Res Methods. 2007;39:175–191.

18. McGough EL, Kelly VE, Logsdon RG, et al. Associations between physical

performance and executive function in older adults with mild cognitive

impairment: Gait speed and the timed “Up & Go” test. Phys Ther. 2011;

91:1198–1207.

19. Abellan Van Kan G, Rolland Y, Andrieu S, et al. Gait speed at usual pace as

a predictor of adverse outcomes in community-dwelling older people an

International Academy on Nutrition and Aging (IANA) Task Force. J Nutr

Health Aging. 2009;13:881–889.

20. Fujiwara S, Sone T, Yamazaki K, et al. Heel bone ultrasound predicts non-

spine fracture in Japanese men and women. Osteoporos Int. 2005;16:

2107–2112.

21. Marín-Cascales E, Alcaraz PE, Ramos-Campo DJ, et al. Whole-body vibra-

tion training and bone health in postmenopausal women: A systematic

review and meta-analysis. Medicine (Baltimore). 2018;97:e11918.

22. Benedetti MG, Furlini G, Zati A, et al. The effectiveness of physical exer-

cise on bone density in osteoporotic patients. Biomed Res Int. 2018:

4840531.

23. Cao ZB, Tabata I, Nishizono H. Good maintenance of physical benefits in a

12-month exercise and nutritional intervention by voluntary, home-

based exercise: A 6-month follow-up of a randomized controlled trial. J

Bone Miner Metab. 2009;27:182–189.

24. Tong X, Chen X, Zhang S, et al. The effect of exercise on the prevention of

osteoporosis and bone angiogenesis. Biomed Res Int. 2019:8171897.

25. Kerr D, Morton A, Dick I, et al. Exercise effects on bone mass in post-

menopausal women are site-specific and load-dependent. J Bone Miner

Res. 1996;11:218–225.

26. Menz HB, Morris ME. Clinical determinants of plantar forces and pres-

Foot Functional Training and Gait Ability 325



sures during walking in older people. Gait Posture. 2006;24:229–236.

27. Inoue Y, Ohsuga M, Hashimoto W, et al. Feature extraction of balance

function and walking in the elderly using pressure sensor plate. Trans-

actions of Japanese Society for Medical and Biological Engineering. 2008;

46:109–116. [In Japanese, English abstract]

28. Cerrahoglu L, Ko�an U, Sirin TC, et al. Range of motion and plantar pres-

sure evaluation for the effects of self-care foot exercises on diabetic pa-

tients with and without neuropathy. J Am Podiatr Med Assoc. 2016;106:

189–200.

29. Forster A, Lambley R, Young JB. Is physical rehabilitation for older people

in long-term care effective? Findings from a systematic review. Age Age-

ing. 2010;39:169–175.

30. Sakata S, Barkmann R, Lochmüller EM, et al. Assessing bone status be-

yond BMD: Evaluation of bone geometry and porosity by quantitative

ultrasound of human finger phalanges. J Bone Miner Res. 2004;19:924–

930.

31. Cortet B, Boutry N, Dubois P, et al. Does quantitative ultrasound of bone

reflect more bone mineral density than bone microarchitecture? Calcif

Tissue Int. 2004;74:60–67.

32. Wainwright SA, Marshall LM, Ensrud KE, et al. Hip fracture in women

without osteoporosis. J Clin Endocrinol Metab. 2005;90:2787–2793.

326 T. Yanaoka et al.


