J. Phys. Ther. Sci. 36: 74-80, 2024

e

Original Article

The relationship between acceleration in
sit-to-stand and falls in community-dwelling
older adults: cross-sectional study

KORIN TATEOKA, MSV*, Tarsu1 Tsusr, PhD?, TAkuro SHoit, RPT, MS?),
SatosHI TOKUNAGA, OTR, MS?, TomoHIRO OKURA, PhD?

Y Doctoral Program in Physical Education, Health and Sport Sciences, University of Tsukuba:
1-1-1 Tennodai, Tsukuba-shi, Ibaraki 305-8574, Japan

2 Institute of Health and Sport Sciences in Tokyo, University of Tsukuba, Japan

3 Doctoral Program in Public Health, Degree Programs in Comprehensive Human Sciences,
Graduate School of Comprehensive Human Sciences, University of Tsukuba, Japan

4 Institute of Health and Sport Sciences in Tsukuba, University of Tsukuba, Japan

Abstract. [Purpose] This study aimed to determine the relationship between acceleration parameters in the sit-
to-stand (STS) movement and falls, and the strength of the association between acceleration in STS movements and
falls in older adults. [Participants and Methods] In total, 330 older adults were included. Four acceleration param-
eters were measured in STS movement: maximum acceleration (MA), velocity (MV), power (MP), and stand-up
time (ST). For the conventional STS tests, 5 times STS test (5xSTS) and ground reaction force (maximal rate of
force development per body weight: RFD/w, peak reaction force per body weight: F/w, chair-rise time: T) were
measured. Poisson regression analysis adjusted for confounding factors was used. [Results] In the model adjusted
for confounders, significant associations were observed among MV (Prevalence ratio (PR): 0.75; 95% confidence
interval (CI): 0.58—0.98), MP (PR: 0.67; 95% CI: 0.68—0.93), RFD/w (PR: 0.70; 95% Cl: 0.56—0.87), and T (PR: 1.14;
95% CI: 1.05—1.24). [Conclusion] Among the acceleration parameters, MP was most strongly associated with falls
and was considered the most useful parameter for evaluation. In addition, comparisons with the conventional chair
rise tests suggested that MP was stronger than the 5xSTS test and may be equally related to the RFD/w.
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INTRODUCTION

Falls in older adults cause a variety of events, including fear of falling"), decreased physical activity> »), admission to
the facility®, and death®). Therefore, fall prevention measures are important in older adults. Surveys of risk factors for falls,
conducted as part of fall prevention, have reported associations with various factors, such as reaction time, poor balance, and
muscle weakness®). Moreover, guidelines for fall prevention advocate the need for early assessment of fall risk”. Functional
performance tests such as walking and standing are used as fall risk screening tools in clinical settings® ).

Since rising from a sitting to a standing position is a pre-stress movement before moving to standing or walking!? and
requires a great deal of muscular exertion!!, sit-to-stand (STS) tests have been often used to assess the risk of falling. Typical
performance tests using STS movements include recording the time required to perform a given number of repetitions (5
times STS test: 5xSTS)!? or the number of repetitions that can be performed within a given time (30-second STS test)!3).
However, such stopwatch-based methods are easily influenced by the evaluator’s experience and reaction time'¥); therefore,
a more objective evaluation method is required.
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Recently, small sensors such as accelerometers (acceleration, angular velocity, etc.) have been developed, and have been
employed in physical function measurement methods'®). The basic flow of the measurement is to have the individual per-
form physical fitness tests (standing and walking movements) while wearing the sensor and evaluate the results using the
parameters obtained from the sensor. This sensor-based measurement can objectively obtain not only completion times, but
also more multifaceted information (maximum acceleration, maximum velocity, maximum power, etc.)!® 7). In addition, the
device is small, portable, and inexpensive'®), making it highly versatile and easy to use in clinical practice.

Several studies have examined the association between acceleration parameters of STS movements and falls. Doheny et
al. compared acceleration parameters (temporal parameter) of STS movements in 40 older adults who experienced fall and
those who did not and reported that fallers showed higher values than non-fallers!®). In another study, the same validation
was conducted in 94 older participants, and fallers showed significantly poorer values of acceleration parameters (temporal
parameter and velocity) than non-fallers??).

However, to the best of our knowledge, most studies reported to date have been laboratory-based verifications, and the
findings are based on a small number of individuals with low generalizability. In addition, the analysis methods are limited by
sample size, while majority of the analyses were not adjusted for potential confounders (e.g., gender and age) and have been
unable to clarify the independent effects of acceleration parameters in STS movements. Therefore, to accurately investigate
the relationship between acceleration parameters in STS movements and falls, we suggest that a larger sample size is required
with adjustment for basic factors. In addition, most previous studies employed 5xSTS as chair rise test!®> 2. Because it has
been reported that continuous standing is burdensome for older adults and that some are unable to perform the test?"), a chair
rise test that reduces the burden on older adults is desirable. However, a chair rise test using a small sensor can quantify
movement during operation with only one rise, without continuous operation. Therefore, some studies have conducted non-
continuous STS tests and examined the reliability of acceleration parameters in STS movements and their relationship with
physical function?!). For ease of application in the field, this study will employ a chair rise test that does not require continu-
ous movement using an accelerometer. Thus, by examining the relationship between acceleration parameters and falls during
a noncontinuous STS test, we expect to increase the versatility of acceleration parameters in STS movements as a field test.

One such non-consecutive STS test is a performance test that uses ground reaction force parameters. In this method,
ground reaction force parameters are extracted from the ground reaction force waveform obtained when the participant rises
from a chair with maximum effort, and an evaluation is performed based on these parameters. Various studies have been
conducted to clarify the reliability and validity of ground reaction force parameters2?). The relationship between the ground
reaction force and falls has been examined both cross-sectionally and longitudinally?? 2, with confirmed good validity. In
this study, we consider the ground reaction force parameter as a validity criterion. Therefore, by comparing the strength of
its association with acceleration during chair rise, we will be able to examine the usefulness of the acceleration parameter.

The purpose of this study was to determine the relationship between acceleration during non-continuous STS tests and
falls among the older adults by randomly selected from the Basic Resident Registers to increase the representativeness and
sample size of the older adults living in the community. In addition, a comparison will be made between the strength of the
association between the conventional chair rise test (SXSTS test and ground reaction force) and the acceleration during chair
rise used in this study and falls. Furthermore, since it has been reported®? that in a comparison of acceleration parameters in
STS movements in fallers and non-fallers, during standing up is more strongly related than during sitting down, it is thought
that good acceleration parameters during the non-continuous STS test employed in this study will also reduce the risk of
falling.

PARTICIPANTS AND METHODS

This study used data from the Kasama study, an open cohort study conducted annually since 2009 in Kasama City, Ibaraki
Prefecture (population 72,727, area 240.4 km?, ratio of older adults: 32.8%)?*. The study included participants aged 65—
85 years who were randomly selected from the basic registry network system and were not residing in a nursing home. Past
participants were followed-up, excluding those who had been certified as needing long-term care, died, or moved away, and
a random sample of new participants aged >65 years was added each year. On average, approximately 1,730 (1,664—1,799)
people received invitations between 2021 and 2022, with an average of 226 (216-236) persons/year participating in the study.
The datasets used in this study were generated from the 2021-2022 measurements. Written informed consent was obtained
from all the participants. This study was approved by the Ethics Committee of the University of Tsukuba (Ref No., Tai 30-5).

Of the 452 participants in this study, 110 participated for two consecutive years and data for 2021 were used; therefore,
342 participants were included in the study. Of them, 12 participants were excluded from the analysis, including those who
did not participate in the physical fitness test for physical reasons (n=2), those who required assistance in standing up (n=9),
and those who had missing questionnaire items (n=1). Finally, a total of 330 participants were analyzed.

After the standing movement pattern was explained, the participants sat in a standard-height (40 cm) chair, legs shoulder-
width apart, trunk extended in a straight vertical line, and ankles held at 90° on a force plate (BM-220 zaRitz TANITA,
Tokyo, Japan). The participant rose as quickly as possible from the chair with arms folded, stood still for approximately
2's, and sat down again. The triaxial accelerometer (TANITA) was attached to the participant’s lower back; the sampling
frequency of the triaxial accelerometer (£ 8 G) was 128 Hz.
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MATLAB (The MathWorks, Inc., Natick, MA, USA; version 9.22) was used for data analyses. First, the 3-axis ac-
celerometer data were transferred to a notebook PC and a low-pass Butterworth filter (cutoff frequency=6 Hz) was applied.
Four parameters were collected based on previous studies?>%7). To obtain gravitational acceleration when the participant was
stationary, the following corrections were made:

Acorr (relative acceleration) = Ameans (actual acceleration) — Aref (reference) + 9.81

where Acorr is the corrected acceleration, Ameas is the measured acceleration, and Aref is the reference value of the
acceleration measured 1 s prior to the STS movement (stationary).

The measured parameters based on previous studies?>27) were:

1. Stand-up time (ST): Referring to previous studies?), the start of the STS movement was estimated from the derivative
value of the acceleration. The end of the STS movement was the first sample when the norm acceleration reached the gravity
level after the negative acceleration peak.

2. Maximum acceleration (MA): This was the highest acceleration during the STS movements.

3. Maximum velocity (MV): This was the maximum velocity during STS movements calculated by numerically integrat-
ing the acceleration. The velocity was estimated by assuming that the velocity at the start of the rise was 0 m/s.

4. Maximum power (MP): This was the peak power during the STS movements. First, F was calculated by fitting the for-
mula: F=m ¢ Acorr, where m is the body weight. Next, power (P) was estimated by multiplying force (F) by velocity: P=F « v.
This corresponds to the maximum value obtained by multiplying the solid and dotted lines in Fig. 1 (bottom) by body weight.

The ground reaction force was measured using the parameters obtained from the force plate (BM-220, zaRitz TANITA)
during the STS measurement described above. The sampling period of this instrument was 80 Hz, and the vertical ground
reaction force (kgf) during the STS movements was recorded. Three parameters, F/w (peak reaction force per body weight),
RFD/w (maximal rate of force development per body weight), and T (chair-rise time), were calculated using methods re-
ported in previous study??).

The participants were asked to move from a sitting to a standing position five times as quickly as possible; the shortest
time required to complete the task in two trials was used in the analysis?®.

The number of falls was assessed using a questionnaire. Participants who had experienced falls at least once in the past
year were defined as fallers and those who had not were defined as non-fallers.
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Fig. 1. Acceleration parameters.
Aref: acceleration reference; ST: stand up time; MA: maximum acceleration; MV: maximum velocity.
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We also collected the following information for using as covariate referencing previous study??: Age, gender, body mass
index (BMI), lower back pain and lower-limb pain. The BMI was calculated by dividing patient weight in kilograms by the
square of their height in meters (kg/m?), and classified into underweight (BMI <18.5), normal weight (18.5< BMI <25.0), and
obesity (BMI >25.0). Back pain and lower limb pain were each investigated using a questionnaire.

Unpaired t-tests and 2 tests were performed to compare basic attributes between fallers and non-fallers. A Poisson regres-
sion analysis was performed with the presence or absence of falls as the objective variables, acceleration parameter as the
explanatory variables, ground reaction force parameter as the comparison parameter, and five chair-rise time as separate
inputs to examine the association between the acceleration parameter and history of falls while standing. In this study, the
proportion of patients who had experienced falls was more than 10%. Logistic regression analysis to calculate odds ratios
may lead to overestimation®¥). Therefore, Poisson regression analysis was performed. Each parameter was standardized,
with 1 SD as one unit. The prevalence ratio (PR) and 95% confidence interval (CI) for each parameter were calculated.
For the cross-sectional study, three models were created: a model with no adjustment parameters (Crude model); Model 1
with gender and age added as adjustment parameters; and Model 2 with BMI, presence of back pain, and presence of lower
extremity pain added to Model 1. All analyses were performed using IBM SPSS (version 26.0; IBM Corp., Armonk, NY,
USA), with a significance level of 5%.

RESULTS

Table 1 presents the basic demographic characteristics of the participants. The mean age was 75.5 years; 184 (55.8%) were
female, and of the 330 participants, 48 (14.5%) reported falling.

Table 2 shows the association between history of falls and the STS test. In the Crude model, significant associations were
found for all items (p<0.05), with better values for all parameters resulting in a lower risk of falling. In Models 2 and 3,
significant associations were found for MV, MP, RFD/w, and T. The PR indicating the strength of the association was lowest
for MP at 0.67 (95% Cl: 0.68 to 0.93), followed by RFD/w at 0.70 (95% Cl: 0.56 to —0.87), MV at 0.75 (95% CI: 0.58 to
0.98) and T at 1.14 (95% CI: 1.05 to 1.24).

DISCUSSION

This study clarified the relationship between acceleration in STS movements and falls using a triaxial accelerometer. The
strength of the relationship between the conventional STS test and falls was also compared by examining the relationship
between acceleration parameters and falls. The results showed that acceleration was significantly associated with falls, which
is consistent with our hypothesis. In the conventional STS test, significant associations were confirmed for the ground reac-
tion force parameters RFD/w and T, but not for the 5xSTS test. These results indicate that the acceleration parameter in STS
movements may be more strongly associated with falling than that in the conventional stopwatch-based 5xSTS test.

Previously, the association between past fall experiences and acceleration parameters in STS movements was only exam-
ined in a small number of older participants (40-94 persons)!®- 2%, In contrast, the present study included 330 older partici-
pants and found that better acceleration parameters, such as MV and MP, reduced the risk of falling, even after adjusting for
basic attributes and other factors. Shukla et al.?® found that the acceleration parameters during STS movements that differed
most between fallers and non-fallers were velocity and power and reported a significant association between acceleration
parameters and falls. Despite differences in analysis methods, the present study also showed significant associations between
acceleration parameters velocity and power during STS movements and falls. Regterschot et al.??) conducted an 8-week

Table 1. Characteristics of participants (n=330)

All (n=330)
Age (years) mean + SD 75.5+54
Percentage of females 55.8% (184)
Height (cm) mean = SD 156.7 £ 8.1
Weight (kg) mean + SD 56.7+10.4
BMI (kg/m?)
<18.5 8.2% (27)
18.5-24.9 66.7% (220)
>25 25.2% (83)
Lower back pain, yes 26.4% (87)
Lower limb pain, yes 14.5% (48)
History of any falls, yes 14.5% (48)

SD: standard deviation; BMI: body mass index.
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Table 2. Association of chair-rise tests with history of falls

Unit Crude model Model 1 Model 2
PR (95% CI) PR (95% CI) PR (95% CI)

Acceleration parameters

MA (1SD) 0.69* (0.50-0.97) 0.78 (0.58-1.06) 0.80 (0.60—1.07)

MV (1SD) 0.63* (0.49-0.80) 0.72* (0.55-0.95) 0.75* (0.58-0.98)

MP (1SD) 0.56* (0.42-0.75) 0.65* (0.46-0.92) 0.67* (0.68-0.93)

ST (1SD) 1.27* (1.02-1.58) 1.21 (0.98-1.50) 1.18 (0.97-1.43)
Ground reaction force parameters

Fiw (1SD) 0.69* (0.54—0.88) 0.79 (0.58-1.06) 0.81 (0.60-1.10)

RFD/w (1SD) 0.63* (0.51-0.78) 0.69* (0.56—0.86) 0.70* (0.56—-0.87)

T (1SD) 1.17* (1.05-1.30) 1.12* (1.03-1.21) 1.14* (1.05-1.24)
Conventional stopwatch-based method

Five-times sit-to-stand test (1SD) 1.30* (1.04-1.63) 1.21 (0.96-1.54) 1.18 (0.92-1.51)
n=330.
*p<0.05.

Bold represent significant association between chair-rise test and history of falls.

PR: prevalence ratio; CI: confidence interval; Modell: adjusted for age and gender; Model2: body mass index, lower back pain
and lower-limb pain, in addition to Modell; MA: maximum acceleration; MV: maximum velocity; MP: maximum power;
ST: Stand-up time; F: peak reaction force; RFD: maximal rate of force development; T: chair-rise time; w: body weight.; SD:
standard deviation.

exercise program in elderly subjects and evaluated their performance in chair-rising movements before and after the interven-
tion, and found high sensitivity in power and speed using sensors, suggesting that these parameters are useful in detecting
fall risk. Similarly, MP and MV showed significant associations even after adjusting for potential confounding factors in the
present study. Therefore, A combination of programs aimed at strengthening lower extremity muscles and improving balance
may reduce the risk of falls. On the other hand, the temporal parameter ST showed a significant association in the Crude
model but not in models 1 and 2, whereas Ejupi et al.?? found a weaker association for the temporal parameter than for the
kinematic parameter (velocity) when comparing the acceleration parameters of STS movements in fallers and non-fallers.
This suggests the importance of using kinematic and kinetic parameters during the rising motion rather than evaluating time
units such as the time of completion of the motion.

In addition, the results were compared with those of conventional STS tests (ground reaction force and 5xSTS test). For
the ground reaction force parameter, RFD/w and T showed significant associations, whereas for the 5xSTS test, although
significant in the crude model, they showed no significant associations after adjustment. Given these results, the acceleration
parameter for chair rise time appears to be associated with falls as strongly as the ground reaction force measurement, more
so than the 5xSTS test. 5xSTS test was not significantly associated with the occurrence of falls*® and no association with
lower extremity muscle strength, which has been reported to be associated with falls, and was comparable or less than that
of ground reaction force parameters!). Therefore, the association between 5xSTS test and falls may have been weaker
than for acceleration or ground reaction force. Several studies have reported significant associations between falls and the
ground reaction force parameter?% 3%, and we consider this study as a valid criterion for fall risk assessment in older adults.
Moreover, as the association between chair-rise acceleration and falls was as strong as that of such measures, it may provide
valuable data for developing acceleration parameters for field tests.

The strength of this study is that it examined the relationship between acceleration in STS movements and falls using a
more representative and larger sample size of community-dwelling older adults than previous studies. However, this study
had several limitations. First, as the study included participants in measurement sessions, they tended to be in a high state of
health. Therefore, it should be noted that the findings are not necessarily applicable to all community-dwelling older adults.
Second, because the study design was cross-sectional study, a causal relationship between acceleration during chair rise and
falls could not be determined. In the future, we believe that the results can be better applied to the field by using longitudinal
data to evaluate the risk of falls by providing cutoff values to determine the occurrence of prospective falls. Finally, in this
study, falls were investigated using a questionnaire, and participants were divided into groups according to whether they had
fallen more than once, regardless of the number of falls or injuries caused by falls. However, it has been reported that lower
limb muscle weakness has a more pronounced effect on the occurrence of multiple falls than on singular falls>®. Additionally,
the occurrence of a single fall was not expected to be influenced by inattention or environmental factors. Therefore, future
reexamination of the occurrence of multiple falls as an outcome is warranted.

In conclusion, this cross-sectional study was conducted to determine the association between acceleration and falls dur-
ing STS movement. The results showed that all acceleration parameters are significantly associated in the crude model.
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However, after adjusting for basic attributes, significant associations were found for MV and MP. Of these, MP was most
strongly associated with falls and was considered the most useful parameter for evaluation. In addition, a comparison with the
conventional chair rise test suggested that it may have an equal association with the ground reaction force parameter, which
was stronger than the 5xSTS test.

Funding
This work was supported by JST Grant Number JPMJPF2017.

Conflicts of interest
The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses,
or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.

REFERENCES

1)  Hart-Hughes S, Quigley P, Bulat T, et al.: An interdisciplinary approach to reducing fall risks and falls. J Rehabil, 2004, 70: 46-51.

2)  Murphy J, Isaacs B: The post-fall syndrome. A study of 36 elderly patients. Gerontology, 1982, 28: 265-270. [Medline] [CrossRef]

3)  Hausdorff JM, Rios DA, Edelberg HK: Gait variability and fall risk in community-living older adults: a 1-year prospective study. Arch Phys Med Rehabil,
2001, 82: 1050—1056. [Medline] [CrossRef]

4)  Tinetti ME, Williams CS: Falls, injuries due to falls, and the risk of admission to a nursing home. N Engl ] Med, 1997, 337: 1279-1284. [Medline] [CrossRef]

5)  Sylliaas H, Idland G, Sandvik L, et al.: Does mortality of the aged increase with the number of falls? Results from a nine-year follow-up study. Eur J Epidemiol,
2009, 24: 351-355. [Medline] [CrossRef]

6)  Ambrose AF, Paul G, Hausdorff JM: Risk factors for falls among older adults: a review of the literature. Maturitas, 2013, 75: 51-61. [Medline] [CrossRef]

7)  Panel on Prevention of Falls in Older Persons, American Geriatrics Society and British Geriatrics Society: Summary of the updated American Geriatrics So-
ciety/British Geriatrics Society clinical practice guideline for prevention of falls in older persons. ] Am Geriatr Soc, 2011, 59: 148—157. [Medline] [CrossRef]

8) Lord SR, Menz HB, Tiedemann A: A physiological profile approach to falls risk assessment and prevention. Phys Ther, 2003, 83: 237-252. [Medline] [Cross-
Ref]

9)  Hendrich AL, Bender PS, Nyhuis A: Validation of the Hendrich II Fall Risk Model: a large concurrent case/control study of hospitalized patients. Appl Nurs
Res, 2003, 16: 9-21. [Medline] [CrossRef]

10) Kerr KM, White JA, Barr DA, et al.: Analysis of the sit-stand-sit movement cycle in normal subjects. Clin Biomech (Bristol, Avon), 1997, 12: 236-245. [Med-
line] [CrossRef]

11) Kralj A, Jaeger RJ, Munih M: Analysis of standing up and sitting down in humans: definitions and normative data presentation. J Biomech, 1990, 23: 1123—
1138. [Medline] [CrossRef]

12) Schaubert KL, Bohannon RW: Reliability and validity of three strength measures obtained from community-dwelling elderly persons. J Strength Cond Res,
2005, 19: 717-720. [Medline]

13) McCarthy EK, Horvat MA, Holtsberg PA, et al.: Repeated chair stands as a measure of lower limb strength in sexagenarian women. J Gerontol A Biol Sci Med
Sci, 2004, 59: 1207-1212. [Medline] [CrossRef]

14) van Lummel RC, Walgaard S, Maier AB, et al.: The instrumented Sit-To-Stand test (STS) has greater clinical relevance than the manually recorded sit-to-stand
test in older adults. PLoS One, 2016, 11: €0157968. [Medline] [CrossRef]

15) Millor N, Lecumberri P, Gomez M, et al.: Kinematic parameters to evaluate functional performance of sit-to-stand and stand-to-sit transitions using motion
sensor devices: a systematic review. IEEE Trans Neural Syst Rehabil Eng, 2014, 22: 926-936. [Medline] [CrossRef]

16) Millor N, Lecumberri P, Gémez M, et al.: An evaluation of the 30-s chair stand test in older adults: frailty detection based on kinematic parameters from a
single inertial unit. J Neuroeng Rehabil, 2013, 10: 86. [Medline] [CrossRef]

17) Zijlstra W, Bisseling RW, Schlumbohm S, et al.: A body-fixed-sensor-based analysis of power during sit-to-stand movements. Gait Posture, 2010, 31: 272-278.
[Medline] [CrossRef]

18) van AchtV, Bongers E, Lambert N, et al.: Miniature wireless inertial sensor for measuring human motions. Annu Int Conf IEEE Eng Med Biol Soc, 2007, 2007:
6279-6282. [Medline]

19) Doheny EP, Fan CW, Foran T, et al.: An instrumented sit-to-stand test used to examine differences between older fallers and non-fallers. Annu Int Conf IEEE
Eng Med Biol Soc, 2011, 2011: 3063-3066. [Medline]

20) Ejupi A, Brodie M, Gschwind Y]J, et al.: Kinect-based five-times-sit-to-stand test for clinical and in-home assessment of fall risk in older people. Gerontology,
2015, 62: 118-124. [Medline] [CrossRef]

21) Regterschot GR, Zhang W, Baldus H, et al.: Sensor-based monitoring of sit-to-stand performance is indicative of objective and self-reported aspects of func-
tional status in older adults. Gait Posture, 2015, 41: 935-940. [Medline] [CrossRef]

22) Tsuji T, Mitsuishi Y, Tsunoda K, et al: The relationship between ground reaction force in a sit-to-stand movement and physical functioning, history of falls,
fear of falling, and mobility limitations in community-dwelling older adults. Jpn J Phys Fit, 2011, 60: 387-399.

23) Kera T, Kawai H, Takahashi J, et al.: Association between ground reaction force in sit-to-stand motion and falls in community-dwelling older Japanese indi-
viduals. Arch Gerontol Geriatr, 2020, 91: 104221. [Medline] [CrossRef]

24) Okura T, Tsuji T, Tsunoda K, et al.: Study protocol and overview of the Kasama study: creating a comprehensive, community-based system for preventive
nursing care and supporting successful aging. J Phys Fit Sports Med, 2017, 6: 49-57. [CrossRef]

25) Marques DL, Neiva HP, Pires IM, et al.: Accelerometer data from the performance of sit-to-stand test by elderly people. Data Brief, 2020, 33: 106328. [Medline]
[CrossRef]

79


http://www.ncbi.nlm.nih.gov/pubmed/7117852?dopt=Abstract
http://dx.doi.org/10.1159/000212543
http://www.ncbi.nlm.nih.gov/pubmed/11494184?dopt=Abstract
http://dx.doi.org/10.1053/apmr.2001.24893
http://www.ncbi.nlm.nih.gov/pubmed/9345078?dopt=Abstract
http://dx.doi.org/10.1056/NEJM199710303371806
http://www.ncbi.nlm.nih.gov/pubmed/19452127?dopt=Abstract
http://dx.doi.org/10.1007/s10654-009-9348-5
http://www.ncbi.nlm.nih.gov/pubmed/23523272?dopt=Abstract
http://dx.doi.org/10.1016/j.maturitas.2013.02.009
http://www.ncbi.nlm.nih.gov/pubmed/21226685?dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2010.03234.x
http://www.ncbi.nlm.nih.gov/pubmed/12620088?dopt=Abstract
http://dx.doi.org/10.1093/ptj/83.3.237
http://dx.doi.org/10.1093/ptj/83.3.237
http://www.ncbi.nlm.nih.gov/pubmed/12624858?dopt=Abstract
http://dx.doi.org/10.1053/apnr.2003.016009
http://www.ncbi.nlm.nih.gov/pubmed/11415728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11415728?dopt=Abstract
http://dx.doi.org/10.1016/S0268-0033(96)00077-0
http://www.ncbi.nlm.nih.gov/pubmed/2277047?dopt=Abstract
http://dx.doi.org/10.1016/0021-9290(90)90005-N
http://www.ncbi.nlm.nih.gov/pubmed/16095431?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15602077?dopt=Abstract
http://dx.doi.org/10.1093/gerona/59.11.1207
http://www.ncbi.nlm.nih.gov/pubmed/27391082?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0157968
http://www.ncbi.nlm.nih.gov/pubmed/25014957?dopt=Abstract
http://dx.doi.org/10.1109/TNSRE.2014.2331895
http://www.ncbi.nlm.nih.gov/pubmed/24059755?dopt=Abstract
http://dx.doi.org/10.1186/1743-0003-10-86
http://www.ncbi.nlm.nih.gov/pubmed/19963386?dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2009.11.003
http://www.ncbi.nlm.nih.gov/pubmed/18003456?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22254986?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/26021781?dopt=Abstract
http://dx.doi.org/10.1159/000381804
http://www.ncbi.nlm.nih.gov/pubmed/25890489?dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2015.03.350
http://www.ncbi.nlm.nih.gov/pubmed/32810735?dopt=Abstract
http://dx.doi.org/10.1016/j.archger.2020.104221
http://dx.doi.org/10.7600/jpfsm.6.49
http://www.ncbi.nlm.nih.gov/pubmed/33015258?dopt=Abstract
http://dx.doi.org/10.1016/j.dib.2020.106328

26)

27)

28)

29)

30)

31

32)

33)

34)

Shukla B, Bassement J, Vijay V, et al.: Instrumented analysis of the sit-to-stand movement for geriatric screening: a systematic review. Bioengineering (Basel),
2020, 7: 139. [Medline] [CrossRef]

Janssen WG, Bussmann JB, Horemans HL, et al.: Validity of accelerometry in assessing the duration of the sit-to-stand movement. Med Biol Eng Comput,
2008, 46: 879-887. [Medline] [CrossRef]

Lord SR, Murray SM, Chapman K, et al.: Sit-to-stand performance depends on sensation, speed, balance, and psychological status in addition to strength in
older people. J Gerontol A Biol Sci Med Sci, 2002, 57: M539-M543. [Medline] [CrossRef]

Regterschot GR, Folkersma M, Zhang W, et al.: Sensitivity of sensor-based sit-to-stand peak power to the effects of training leg strength, leg power and balance
in older adults. Gait Posture, 2014, 39: 303-307. [Medline] [CrossRef]

Chan BK, Marshall LM, Winters KM, et al.: Incident fall risk and physical activity and physical performance among older men: the osteoporotic fractures in
men study. Am J Epidemiol, 2007, 165: 696—703. [Medline] [CrossRef]

Tsuji T, Tsunoda K, Mitsuishi Y, et al.: Ground reaction force in sit-to-stand movement reflects lower limb muscle strength and power in community-dwelling
older adults. Int J Gerontol, 2015, 9: 111-118. [CrossRef]

Yamada T, Demura S: Relationships between ground reaction force parameters during a sit-to-stand movement and physical activity and falling risk of the
elderly and a comparison of the movement characteristics between the young and the elderly. Arch Gerontol Geriatr, 2009, 48: 73-77. [Medline] [CrossRef]
Moreland JD, Richardson JA, Goldsmith CH, et al.: Muscle weakness and falls in older adults: a systematic review and meta-analysis. J Am Geriatr Soc, 2004,
52: 1121-1129. [Medline] [CrossRef]

Zhang J, Yu KF: What’s the relative risk? A method of correcting the odds ratio in cohort studies of common outcomes. JAMA, 1998, 280: 1690-1691. [Med-
line] [CrossRef]

J. Phys. Ther. Sci. Vol. 36, No. 2, 2024 80


http://www.ncbi.nlm.nih.gov/pubmed/33172131?dopt=Abstract
http://dx.doi.org/10.3390/bioengineering7040139
http://www.ncbi.nlm.nih.gov/pubmed/18626677?dopt=Abstract
http://dx.doi.org/10.1007/s11517-008-0366-3
http://www.ncbi.nlm.nih.gov/pubmed/12145369?dopt=Abstract
http://dx.doi.org/10.1093/gerona/57.8.M539
http://www.ncbi.nlm.nih.gov/pubmed/23973356?dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2013.07.122
http://www.ncbi.nlm.nih.gov/pubmed/17194749?dopt=Abstract
http://dx.doi.org/10.1093/aje/kwk050
http://dx.doi.org/10.1016/j.ijge.2015.05.009
http://www.ncbi.nlm.nih.gov/pubmed/18078678?dopt=Abstract
http://dx.doi.org/10.1016/j.archger.2007.10.006
http://www.ncbi.nlm.nih.gov/pubmed/15209650?dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2004.52310.x
http://www.ncbi.nlm.nih.gov/pubmed/9832001?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9832001?dopt=Abstract
http://dx.doi.org/10.1001/jama.280.19.1690

