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ABSTRACT

Background and Purpese: The Senior Sway mobile applica-
tion uses the iPhone/iPad gyroscope to assess postural sway
and motion reaction time. Impairment in postural sway and
motion reaction time have the potential to increase risk for
future falls. Senior Sway thereby has the potential to provide
a quick, easy to use, objective measure for predicting falls
in older adults. The purpose of this study was to evaluate
the feasibility of the Senior Sway mobile application and its
associations with fall risk in community-dwelling older adults.
Methods: Adults older than 62 years were recruited from
senior centers and community events. Descriptive and bivari-
ate statistics were used to examine feasibility on the basis of
enrollment, time required, satisfaction with application, and
association with fall risk.
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Results and Discussion: Fifty-seven adults were recruited. Use
of the Senior Sway mobile application was feasible. Ninety-
one percent said that they liked the application and reported
length of time of assessment was “just right.” The average
Senior Sway score was 64.0 (range: 47.8-84.0), which was
significantly associated with the 30-second sit-to-stand test.
In addition, the motor reaction time score was associated with
the Timed Up and Go.

Conclusions: Senior Sway is a promising application to
improve identification of adults at risk for falls and need for
rehabilitation but warrants further research.
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INTRODUCTION

One in 4 older adults falls each year, and less than half
of older adults discuss previous falls with their health
care providers.l? Falls (anytime a person comes to the
floor inadvertently) remain the leading cause of fatal and
nonfatal injuries in the United States. In 2014, 2.8 million
nonfatal falls were treated in the emergency department of
those 30% were hospitalized with severe injuries including
traumatic brain injury and fractures.’ Older adults, 75
years of age and older, are 4 to 5 times more likely to be
removed from the community and institutionalized after
a fall.+® Furthermore, many who fall develop a fear of
falling, even if the fall was not serious, and tend to reduce
their engagement in daily tasks and time performing physi-
cal activity, limiting their overall fitness and mobility that
can increase their risk for future falls.t-

Standard predictors of fall risk include a limited func-
tional ability in both activities of daily living (ADLs) and
instrumental activities of daily living (IADL), decreased
sensorimotor function, poor vision, reduced postural sta-
bility, and slower and less effective balance responses.!-?>10
However, most of these predictors are not typically
assessed in a general primary care clinic.'! Moreover,
the need for interventions that have been shown to be
effective in decreasing fall risk, including physical and
occupational therapy, may not be identified in traditional
primary care clinics until after an older adult sustains a



fall. Research supporting quick, easy-to-use, objective,
and effective ways to examine fall risk is necessitated
to identify people at risk for falling, which in turn may
promote referral to physical or occupational therapy to
decrease their fall risk.

Sway Balance is a Food and Drug Administration—
approved medical application that uses the iPhone/iPad
gyroscope to determine postural sway and visual-motion
reaction time with standardized scoring (see Figures 1 and 2).
The original Sway Balance mobile application was designed
to detect abnormal postural sway and reaction time with
athletes after a concussion, because they may suffer from
balance issues postinjury.!> The application has been
shown to be more sensitive, less cumbersome, and more
feasible than traditional balance assessments, such as the
Balance Master and the Balance Error Scoring System
assessment.'>1* Other studies have utilized the iPhone/iPad
gyroscope to measure postural sway without adding in the
application’s measure of visual-motion reaction time."> The
aims of this study are therefore 2-fold: (1) to determine
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Figure 1. Instructions for tandem stance in Senior Sway
mobile application.
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Figure 2. Instructions seen by users to start Senior Sway
mobile application.

the feasibility of Senior Sway based on the ease of use and
participant-rated satisfaction and length of assessment
(“too long,” “too short,” or “just right”) and (2) to exam-
ine the associations between the Senior Sway scores and
traditional measures of fall risk. For purposes of this study,
we refer to the application as Senior Sway as it differs from
the Sway Balance in its protocol.

METHODS

Adults 62 years of age and older were recruited from
senior centers and within community health fairs and
fall-risk specific events, yielding a unique mix of adults
who lived independently, within an assistive living facil-
ity with and without skilled nursing needs. According to
the World Confederation for Physical Therapy, the term
“older adults” is defined between 60 and 65 years of age
in high-resourced countries, and therefore older adults 62
years of age and older were included.'® Recruitment took
place from August to November of 2015. Participants
were included if they were able to walk with or without an
assistive device, 62 years of age or older, and were able to
speak and read English (all Senior Sway instructions are in
English). Participants were excluded only if they could not
walk. All participants were required to sign consent before
enrolling. This study was approved by the Institutional
Review Board at The University of North Carolina at
Chapel Hill (IRB # 15-1660). We initially planned to
recruit 40 participants but due to heightened interest, we
expanded our sample to include all adults who wanted
to participate and met our inclusion criteria. Participants
were asked their age and sex and we recorded the setting in
which the assessment occurred. Senior Sway took between
10 and 15 minutes to complete a baseline assessment. As
suggested by the developers, participants completed the



entire sway assessment 3 times in a row to produce an
average score.

The primary objective was to examine the feasibil-
ity on the basis of the rate of enrollment/participation,
participant-rated satisfaction, and length of assessment.
The cutoffs for feasibility were predefi ned as follows: 60%
participation/enrollment and a majority (>50%) stating
the time it takes to conduct the assessment was “just
right,” indicating not too long or short."” We also asked
participants whether they needed assistance as “Did you
need help with Sway Balance application?” with answers
“Yes” and “No” and if participants answered yes, they
were then asked whether they needed “a lot” or “a little”
help with the application itself. This help included follow-
ing directions on the iPad and with physical support while
performing the balance assessments.

The secondary objective was to examine associations
between the Senior Sway results and traditional mea-
sures of fall risk. Traditional measures include the fol-
lowing: history of previous falls; the Timed Up and Go
(TUG) time,!8 Centers for Disease Control and Prevention
(CDC) Fall risk assessment, a part of the Stopping Elderly
Accidents, Deaths and Injuries initiative for health care
providers 4-stage static standing balance assessment,!”
and the 30-second sit-to-stand test lower extremity endur-
ance test.2 In addition, we examined the association of
Senior Sway results with patient-reported IADL and func-
tional status, which were measured by the Older Adult
Resource Scale IADL section,?!">® and the 1-question
Patient-Generated Subjective Global Assessment-Activities
and Function (PG-SGA-AF).27-31

The Senior Sway mobile application includes 2 tests—
the CDC fall risk assessment and a visual-motion reaction
time assessment. The CDC fall risk measure asks adults to
stand in 4 different stances for 10 seconds each stance: feet
together, feet staggered, tandem, and with 1 foot raised.
During our assessment, participants were able to choose
which foot to place forward in tandem and which foot to
raise. If an adult is unable to hold tandem for 10 seconds,
he or she is at risk for falling.3? Senior Sway uses the inter-
nal gyroscope in the iPhone/iPad to measure postural sway
while completing these 4-stage static standing stances with
eyes open and iPad held tightly by both hands at chest level.
An iPad was used for each of the assessments. The CDC
fall risk assessment is followed by the visual-motion reac-
tion time measure. For this measure, the iPad screen turns
white, then yellow/orange. The participant was instructed
to shake the iPad when the color changes, and Senior Sway
assesses the amount of time it takes to react. From these
assessments, the application then creates multiple scores.

For this study, we used 3 of those scores—a Senior Sway
total score (combined average of all 4 stages of static bal-
ance plus the visual-motion reaction score), test subscores
including a postural sway score for tandem only, and the
visual-motion reaction score. We analyzed the tandem
score as an independent score because being unable to
hold tandem stance for 10 seconds delineates fall risk

per the CDC fall risk assessment.3> When completing the
Senior Sway assessment, a baseline total score is created
by completing the full assessment 3 times. While holding
the smartphone to the chest, thoracic sway was monitored
by device acceleration measured through the low-powered
microelectromechanical system accelerometer within the
iPad. Proprietary algorithms were recorded from each
10-second balance test to evaluate overall postural sway
and visual-motion test in a combined and separate score.
All scores were transformed to a score from 0 to 100.
Scores closer to 100 represent better postural sway, faster
reaction times, and hypothesized lower fall risk.

Traditional fall risk prediction and functional status
measures were also used to address our second objective.
The TUG assessment is a well validated measure of fall risk
in older adults. This assessment asks participants to stand
from a chair, walk 3 m at a normal pace, turn around, and
return to sitting. If community-dwelling adults take longer
than 11 seconds to complete this task, they are considered
at risk for falling.333* The 30-second sit-to-stand test asks
adults to go from sitting to standing as many times as they
possibly can within 30 seconds. Depending on age and sex,
adults can be at risk for falling if they are unable to perform
a certain number of completions of sit to stand, ranging
from less than 4 (for women aged 90-94 years) to 14 (men
in 60s), with higher scores indicating more sit/stands in a
30-second interval.®* In addition, participants were asked
how many times they have fallen in the last 6 months,
as reporting of previous falls can predict future elevated
risk of falling. Instrumental activities of daily living, for
example, money management, home care, and using the
telephone were assessed using the Older Adult Resource
Scale Instrumental Activities of Daily Living section.26:3¢
This IADL assessment is used commonly in geriatric assess-
ments and consists of 7 items rated on 3-point scale asking
the level of assistance needed to complete IADL with scores
ranging from 0 to 14, 14 meaning they are completely
independent on all TADL tasks.>® This subsection of the
Older Adult Resource Scale has been used extensively in
older adults?>2¢ and is recommended by the International
Society of Geriatric Oncology.?? Finally, we asked par-
ticipants about their global activities and function using a
single item, the PG-SGA-AF, which has respondents rate
their level of daily activity for the last month from 0 to 4, in
which “4” is bed bound and “0” is normal with no restric-
tions.?” In post hoc analysis, we created a dichotomous
composite indicator for falls risk and tested to see whether
it related to Senior Sway total, tandem, or visual-motion
reaction scores. The composite factor consisted of pro-
longed TUG, previous falls, reduced 30-second sit-to-stand
test, and impaired IADL.

Descriptive statistics were used to describe the sample
and determine feasibility. Bivariable analyses were com-
pleted to examine associations between Senior Sway scores
and fall risk and functional status measurements. Post hoc
analyses were used in dividing participants into 2 groups
based on if they displayed any (=1) or no fall risk factors



based on the traditional measures of falls (TUG, previous
falls, 30-second sit-to-stand test, IADL, PG- SGA-AF). For
analyses, TUG (<11 vs =11), previous falls (yes vs no),
IADL (14 vs <14), PG-SGA-AF (normal vs any limita-
tion), and 30-second sit to stand test'® were transformed
to dichotomous variables, and Senior Sway scores were
compared using nonparametric Wilcoxon rank sum tests.
Spearman correlation coefficients were used to evaluate the
correlation between Senior Sway scores and the continuous
versions of TUG and 30-second sit-to-stand test score. For
this study, we consider P values less than .05 as significant.
Analyses were conducted using SAS statistical software
v9.4 (Cary, North Carolina).

RESULTS

For our primary objective, we enrolled 57 out of the tar-
geted 40 due to heightened interest in study. Average age
was 79 years (range: 62-96 years) and 70% (n = 40) were
female and 30% (n = 17) were male. Ninety-one percent
said that they liked the application and 91% reported that
the length of time to take the assessment was “just right.”
Seventy percent said that they would use the application
at home. These results demonstrate the feasibility of using
Senior Sway with older adults based on our enrollment and
positive reports from participants regarding time and over-
all satisfaction with the application (see Table 1). However,
most participants needed at least some assistance with the
balance assessments and/or the application: 56% needed a
little help and 11% needed a lot of help. The question about
needing help was not specific to the mobile application—it
could also imply completing the questionnaire forms and/or
maintaining balance during use of the assessment.

For secondary objectives, we evaluated the association
of our generated 0 to 100 Senior Sway scores with typical
fall risk assessments (TUG, 30-second sit to stand test, fallen
in last 6 months, PG-SGA-AF, and IADL) as dichotomous
variables. The average postural sway score for tandem only

Table 1. Participant-Reported Satisfaction of the Senior Sway
Mobile Application

Participant-Reported Satisfaction
Items n %
Liked Sway Application??
No 4 7
Yes 52 91
Need any help with Sway?
No 16 28
A little 32 56
Some 1 2
Alot 6 11
Would/could you use this at home?
No 14 25
Yes 39 68
21 missing.

was 88 with a range of 33.3 to 99.5. The other subscore,
visual-motion reaction, had an average of 47, with a range
of 14.4 to 96.4. The average total Senior Sway score was
64.0, with a range of 47.8 to 84.0. Participants had an aver-
age TUG score of 11.3 with a range of 4 to 27, and 46%
scored with prolonged scores above 11 seconds and were
thus deemed at risk (see Table 2). Sixteen percent of par-
ticipants reported that they had fallen in the last 6 months.

The total Senior Sway scores and average tandem were
not significantly associated with TUG scores. However,
the visual-motion reaction score was significantly associ-
ated with TUG scores of 11 or more (P = .04). Higher
30-second sit-to-stand test scores were correlated with the
higher total Senior Sway scores (P = .06) and with the
higher visual-motion reaction scores (P = .02) but were not
correlated with tandem-only scores (P =. 9). Total Senior
Sway scores, average tandem stance scores, and visual-
motion reaction time were not significantly associated with
reports of previous falls, above average 30-second sit-to-
stand test scores, PG-SGA-AF scores, or IADL scores.

Continuous TUG scores were significantly negatively
correlated with total Senior Sway scores (r, = —0.28,
P = .03) and visual-motion reaction score (r, = —0.30,
P =.02). The 30-second sit-to-stand test was not correlated
with total sway score or tandem (r, = 0.19, —0.04,
P = .15, .77). However, it was significantly positively
correlated with the higher visual-motion reaction scores
(r, = 0.29, P = .05) (Table 3).

Table 2. Measures of Physical Health, Activities of Daily
Living, and Fall Risk

Measures of Fall Risk n %
Timed Up and Go Range (5-40)
Atrisk (=11 s) 26 46
Previous falls Range (0 -6)
None 47 82
1+ 9 16
30-Second Sit to Stand test Range (4 -27)
At risk 11 19
PG-SGA-AF
Normal no limitations 41 72
Fairly normal 13 23
In bed, at least half the day 2 4
Bed bound 0 0
OARS IADL Range (7-14)
At risk (<14) 11 19
Fall Risk compilation score?®
At risk 40 57

Abbreviations: IADL, Instrumental Activities of Daily Living; OARS, Older Adult Resource
Scale; PG-SGA-AF, Patient-Generated Subjective Global Assessment-Activities and Function.
aFall risk compilation score based on any risk factor: TUG, previous falls, 30-second sit to
stand test, PG- SGA-AF.

Higher scores indicate less postural sway and faster visual reaction time.




Tahle 3. Continuous Variables Relationship to Senior Sway
Scores?

Visual Motion
Senior Sway | Tandem, r, Reaction
Total, r, (P) (P) Time, r; (P)
TUG —0.28 (.03)° | 0.02(.90) | —0.30(.02)b
?e(;second sit to stand 0.19 (.15) 00477 | 029 (020
Abbreviation: TUG, Timed Up and Go.
aSenior Sway Scores include Senior Sway total, tandem, and visual-motion reaction time.
bSignificant at P = .05.

In post hoc analyses, we divided participants into 2
groups based on whether they displayed any or no risk
factors based on the traditional measures of falls (TUG,
previous falls, 30-second sit-to-stand test, IADL, fairly
normal score, or less ability on the PG-SGA-AF); 40 (70%)
had at least 1 risk factor and the remaining 17 (30%) had
none. Median scores were 67.2 for those with no risk
factors, compared with 62.5 for those with 1 or more.
This composite indicator did relate to Senior Sway score
(P = .03), but not tandem, or visual-motion reaction scores
(P = .9, .2), respectively. Total sway score was normally
distributed, and in a multivariable linear regression model
controlling for sex and age, this difference remained statis-
tically signifi cant (mean difference of 3.9 between groups,
SE 1.9, ¢ value: 2.03, P = .05).

DISCUSSION

This study demonstrates the feasibility of using the
Senior Sway application with older adults living in the
community. Senior Sway was well liked, and a majority
of participants indicated that they would use the Senior
Sway application at home. Older adults use technol-
ogy to improve health care, with a little education and
minimal support.3” With newer, easier-to-use platforms
and continued experience with technology, older adults’
use of technology for their health will become more
routine. Recognizing the complexity of identifying fall
risk in community-dwelling older adults, the use of novel
technology has potential to bring objective assessment to
community clinics to increase identifi cation of adults at
risk for falling.

This mobile assessment would not replace one’s experi-
ence with a health care provider, which could be consid-
ered a negative use of technology for some older adults3®
but instead used as an additional tool within the clinic
(either by providers or by assistants during intake) to asses
fall risk and potentially determine need for specialized
services to deliver multidisciplinary fall prevention inter-
ventions, for example, but not limited to, occupational
and physical therapy. This is not a substitute for standard
performance-based measures and documentation of fear
of falling but is considered a screening tool to be used in
general medicine clinics to determine potential need for
services. Both occupational therapy and physical therapy

have been shown to be effective in decreasing falls.3%40

Falling can be detrimental to quality of life and life satis-
faction in the long term and, therefore, it is imperative to
identify adults at risk to provide intervention to decrease
fall risk.*!

In previous research, accelerometers have been shown to
reliably and validly measure postural sway.!4*? By measur-
ing sway on a mobile device an easier, quicker, cheap ver-
sion of balance plate evaluations is provided. Senior Sway
has the potential to be a more portable measure of postural
sway and fall risk, although not as detailed and specific as
a full balance plate assessment.

This study showed an association between 30-second
sit to stand test and the postural sway assessment in Senior
Sway and correlations test between the visual-motion
reaction component and TUG. In a different sample and
study, Senior Sway was used with 57 middle-old aged com-
munity-living adults, and the association of Senior Sway
scores with the Berg Balance Assessment and the Activities-
Specific Balance Confidence Scale were examined.*® This
study focused on the measurement of postural sway and
did not include the visual reaction test. Vincenzo et al*3
found results similar to ours that Senior Sway scores were
unable to discriminate between those who had reported
previous falls and those who did not. However, we believed
that the Senior Sway test with the addition of the visual-
motion reaction added essential information about fall risk
that is not included in a measure of static postural sway
only,'! and we were able to demonstrate its correlation to
30-second sit-to-stand test. Furthermore, because results
indicated that visual-motion reaction was associated with
fall risk, this reaction time may be more important to mea-
sure separately in future research.

Recently, researchers found that a combination of head
position, standing surface, and postural control was key to
determining risk of falling.** Pociask et al** suggest that
postural sway is a measure of a combination of multiple
factors, including sensory and visual, but can also be driven
by environmental aspects or the posture of the adults. In
our sample, a majority of participants needed some help
to complete the assessment. This help was mostly required
during 1 leg and tandem stance. This alone could be an
indication of risk of falling. However, once given assistance
to prevent falling during study from research assistants,
postural sway scores were likely recorded as better than in
actuality. This is perhaps why the visual-motion reaction
scores, for which no physical assistance was needed from
research assistants, became a better indicator of fall risk
than the full assessment.

Our study has several limitations. Study participants
were those who were willing to try the Senior Sway
application; older adults uninterested or unwilling to use
technology likely would not have agreed to participate in
the study. However, the majority of participants reported
being satisfied with the application, which may not have
been the case if it had significant shortcomings from the
user perspective. Furthermore, we had so much interest



in testing the application that we had to schedule another
day for recruitment and expand our initial expectation of
enrollment of 40 to include 17 more. The participants in
the study mostly included healthy and active adults, which
therefore led to very few of the functional history predic-
tors typically used in the geriatric assessment being cor-
related with Senior Sway. In addition, it should be noted
that in comparing Senior Sway with functional tests, fall
history, and TADL reporting, there are limitations in that
these measures are not completely accurate predictors of
fall risk. Also, there was unclear reporting on the need of
assistance with the Senior Sway. We are unable to deter-
mine whether assistance was required for understanding
the application or for performing the balance assessments.
While only 11% reported needing a lot of assistance, a
majority (56%) adults needed some assistance with com-
pleting the balance portions of the Senior Sway. This alone
may in reality give clinicians the needed information as to
whether or not a person may need referral to rehabilita-
tion. However, we learned that the visual-motion reaction
score did provide valuable added information, and we
were ultimately able to outline a protocol for the use of
Senior Sway that minimized assistance and clearly record-
ed the amount of assistance needed in static standing. The
visual-motion reaction time could also lend knowledge
to cognitive abilities of participants; however, we did not
cover this aspect within the study. Cognitive ability has
previously been shown to be associated with an increased
risk for falls for older adults, so the visual-motion reaction
score could provide another means of predicting falls.33
Finally, the composite indicator needs further testing in
larger sample sizes to determine its full usefulness and if
the score should be dichotomous, categorical, or continu-
ous. However, we considered it worthwhile as an indica-
tor of some type of fall risk.

CONCLUSION

In summary, Senior Sway is feasible to use within the com-
munity and many older adults in our sample liked using the
application. Future prospective work is necessary to further
evaluate the role of the application in identifying falls
within clinics and the need for occupational and physical
therapy. With further testing, Senior Sway has the potential
be a useful tool in the primary care clinics and specialty
clinics (eg, oncology, cardiology) to improve identification
of adults who may need further evaluation and treatment
to mitigate fall risk.

REFERENCES

1.Tromp AM, Pluijm SM, Smit JH, Deeg DJ, Bouter LM, Lips P. Fall-risk
screening test: a prospective study on predictors for falls in community-
dwelling elderly. J Clin Epidemiol. 2001;54(8):837-844.

2. Stevens JA, Ballesteros MF, Mack KA, Rudd RA, DeCaro E, Adler G. Gender
differences in seeking care for falls in the aged Medicare population. Am J
Prev Med. 2012;43(1):59-62.

3.Bergen G, Stevens MR, Burns ER. Falls and fall injuries among adults aged
=65 years—United States, 2014. Morb Mortal Wkly Rep. 2016;65:993-998.

4.Dunn JE, Furner SE, Miles TP. Do falls predict institutionalization in older
persons? An analysis of data from the Longitudinal Study of Aging. J Aging
Health. 1993;5(2):194-207.

5. Donald IP, Bulpitt CJ. The prognosis of falls in elderly people living at home.
Age Ageing. 1999;28(2):121-125.

6.Vellas BJ, Wayne SJ, Romero LJ, Baumgartner RN, Garry PJ. Fear of
falling and restriction of mobility in elderly fallers. Age Ageing. 1997;26(3):
189-193.

7.Scheffer AC, Schuurmans MJ, van Dijk N, van der Hooft T, de Rooij SE. Fear

of falling: measurement strategy, prevalence, risk factors and consequences

among older persons. Age Ageing. 2008;37(1):19-24.

Dionyssiotis Y. Analyzing the problem of falls among older people. Int J Gen

Med. 2012;5:805-813.

Kulmala J, Vilianen A, Sipila S, et al. Poor vision accompanied with other

sensory impairments as a predictor of falls in older women. Age Ageing.

2009;38(2):162-167.

10. Lajoie Y, Gallagher SP. Predicting falls within the elderly community:

comparison of postural sway, reaction time, the Berg balance scale and

the Activities-specific Balance Confidence (ABC) scale for comparing fallers
and non-fallers. Arch Gerontol Geriatr. 2004;38(1):11-26.

.Ejupi A, Lord SR, Delbaere K. New methods for fall risk prediction. Curr Opin

Clin Nutr Metab Care. 2014;17(5):407-411.

12. Patterson JA, Amick RZ, Pandya PD, Hakansson N, Jorgensen MJ.
Comparison of a mobile technology application with the balance error
scoring system. Int J Ath Ther Train. 2014;19(3):4-7.

13.Jeremy AP, Amick RZ, Thummar T, Rogers ME. Validation of measures from
the smartphone sway balance application: a pilot study. Int J Sports Phys
Ther. 2014;9(2):135.

14. Kosse NM, Caljouw S, Vervoort D, Vuillerme N, Lamoth CJ. Validity and
reliability of gait and postural control analysis using the tri-axial accelerometer
of the iPod touch. Ann Biomed Eng. 2015;43(8):1935-1946.

15. Takeshima N, Patterson JA, Amick RZ, Rogers NL, Young KC, Rogers ME.
Comparison of postural sway measures using a balance platform and mobile
application. Med Sci Sports and Exerc. 2014;46(5):901-901.

16. World Confederation for Physical Therapy. Older people. World Confederation
of Physical Therapy. https://www.wcpt.org/node/47941. Published 2012.
Accessed July 31, 2018.

17.Hong Y, Goldberg D, Dahlke DV, et al. Testing usability and acceptability of
a web application to promote physical activity (iCanFit) among older adults.
JMIR Hum Factors. 2014;1(1):e2.

18. Shumway-Cook A, Brauer S, Woollacott M. Predicting the probability for falls
in community-dwelling older adults using the Timed Up & Go Test. Phys
Ther. 2000;80(9):896-903.

19. Centers for Disease Control and Prevention. STEADI materials for health
care providers. Stopping Elderly Accidents, Deaths and Injuries (STEADI)—
Older Adult Fall Prevention Web site. https://www.cdc.gov/steadi/materials.
html. Published 2016. Accessed November 17, 2016.

20.Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of
lower body strength in community-residing older adults. Res Q Exerc Sport.
1999;70(2):113-119.

21.Hurria A, Gupta S, Zauderer M, et al. Developing a cancer-specific geriatric
assessment: a feasibility study. Cancer. 2005;104(9):1998-2005.

22.Wildiers H, Heeren P, Puts M, et al. International Society of Geriatric
Oncology consensus on geriatric assessment in older patients with cancer. J
Clin Oncol. 2014;32(24):2595-2603.

23.0uellet M-C, Sirois M-J, Beaulieu-Bonneau S, et al. Correlates of
cognitive functioning in independent elderly patients discharged home
from the emergency department after a minor injury. Int Psychogeriatr.
2016;28(8):1313-1322.

24.Royall DR, Palmer R, Chiodo LK, Polk MJ. Declining executive control in
normal aging predicts change in functional status: the Freedom House
Study. J Am Geriatr Soc. 2004;52(3):346-352.

25.Manokumar T, Aziz S, Breunis H, et al. A prospective study examining
elder-relevant outcomes in older adults with prostate cancer undergoing
treatment with chemotherapy or abiraterone. J Geriatr Oncol. 2016;7(2):
81-89.

26.Randall GK, Martin P, Johnson MA, Poon LW. Successful aging: a
psychosocial resources model for very old adults. J Aging Res. 2012;2012.
https://doi.org/10.1155/2012/934649.

27. Pergolotti M, Deal AM, Williams GR, et al. Activities, function, and health-
related quality of life (HRQOL) of older adults with cancer. J Geriatr Oncol.
2017;8(4):249-254.

28.Keith JN. Bedside nutrition assessment past, present, and future: a
review of the subjective global assessment. Nutr Clin Pract. 2008;23(4):
410-416.

29. Martineau J, Bauer JD, Isenring E, Cohen S. Malnutrition determined by
the Patient-Generated Subjective Global Assessment is associated with poor
outcomes in acute stroke patients. Clin Nutr. 2005;24(6):1073-1077.

30.Marshall 'S, Young A, Bauer J, Isenring E. Malnutrition in geriatric
rehabilitation: prevalence, patient outcomes, and criterion validity of the
scored patient-generated subjective global assessment and the mini
nutritional assessment. J Acad Nutr Diet. 2016;116(5):785-794.

31.Sheard JM, Ash S, Mellick GD, Silburn PA, Kerr GK. Improved nutritional
status is related to improved quality of life in Parkinson’s disease. BMC
Neurol. 2014;14(1):212.

©

©

1

—



32.Shaw C, Fleuret C, Pickard JM, Mohammed K, Black G, Wedlake L.
Comparison of a novel, simple nutrition screening tool for adult oncology
inpatients and the Malnutrition Screening Tool (MST) against the Patient-
Generated Subjective Global Assessment (PG-SGA). Support Care Cancer.
2015;23(1):47-54.

33. Boulgarides LK, McGinty SM, Willett JA, Barnes CW. Use of clinical and
impairment-based tests to predict falls by community-dwelling older adults.
Phys Ther. 2003;83(4):328-339.

34.Trueblood PR, Hodson-Chennault N, McCubbin A, Youngclarke D.
Performance and impairment-based assessments among community dwelling
elderly: sensitivity and specificity. J Geriatr Phys Ther. 2001;24(1):2-6.

35. Deandrea S, Lucenteforte E, Bravi F, Foschi R, La Vecchia C, Negri E. Risk
factors for falls in community-dwelling older people: a systematic review and
meta-analysis. Epidemiology. 2010;21(5):658-668.

36. Fillenbaum GG, Smyer MA. The development, validity, and reliability of the
OARS multidimensional functional assessment questionnaire. J Gerontol.
1981;36(4):428-434.

37.Bhattarai P, Phillips JL. The role of digital health technologies in
management of pain in older people: an integrative review. Arch Gerontol
Geriatr. 2017;68:14-24.

38.Currie M, Philip LJ, Roberts A. Attitudes towards the use and acceptance
of eHealth technologies: a case study of older adults living with chronic

pain and implications for rural healthcare. BMC Health Serv Res. 2015;
15(1):1.

39.Cumming RG, Thomas M, Szonyi G, et al. Home visits by an occupational
therapist for assessment and modification of environmental hazards:
a randomized trial of falls prevention. J Am Geriatr Soc. 1999;47(12):
1397-1402.

40. Gillespie LD, Robertson MC, Gillespie WJ, et al. Interventions for preventing
falls in older people living in the community. Cochrane Database Syst Rev.
2012;(9):CD007146.

41.Stenhagen M, Ekstrom H, Nordell E, Elmstahl S. Accidental falls, health-
related quality of life and life satisfaction: a prospective study of the general
elderly population. Arch Gerontol Geriatr. 2014;58(1):95-100.

42.Heebner NR, Akins JS, Lephart SM, Sell TC. Reliability and validity of an
accelerometry based measure of static and dynamic postural stability in
healthy and active individuals. Gait Posture. 2015;41(2):535-539.

43.Vincenzo JL, Glenn JM, Gray SM, Gray M. Balance measured by the sway
balance smart-device application does not discriminate between older
persons with and without a fall history. Aging Clin Exp Res. 2016;28(4):
679-686.

44, Pociask FD, DiZazzo-Miller R, Goldberg A, Adamo DE. Contribution of head
position, standing surface, and vision to postural control in community-
dwelling older adults. Am J Occup Ther. 2016;70(1):7001270010p1-8.



