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Abstract

Background and purpose: When the elderly begin planning for a safe future, they may choose to move to an assisted living facility. Assisted living facilities (ALF) are
a popular choice for senior living, but whether residents maintain their independence and movement ability over time in assisted living facilities has not been studied.
The purpose of this study is to examine the changes in impairments and activity limitations in residents of ALF over the course of one year.

Participants: Fifteen residents from Brookdale South ALF and Sagora ALF, over the age of 65 years, volunteered to participate in the study.

Methods: Participants completed a series of outcome measures including: the standardized Mini-Mental State Examination (MMSE), gait speed, range of motion
(ROM) for ankle dorsiflexion and plantarflexion, Timed Up and Go (TUG) test, handgrip strength, Five Time Sit To Stand Test (5XSST), Functional Independence
Measure (FIM) scores, and manual muscle testing (MMT) of the hip, knee, and ankle. Measurements were obtained in the spring of 2015 and 2016. Statistical
analysis was completed with SPSS Version 21 using paired-samples t-tests and Wilcoxon Sum Rank tests to compare the impairments and activity limitation changes
over the course of a year.

Results: A significant decrease in left knee flexion strength, left hip adduction strength, right and left grip strength, right ankle plantarflexion ROM, and TUG speed
over the course of a year was found. The participants demonstrated a significant increase in right dorsiflexion strength.

Discussion and conclusion: In ALF, individuals demonstrate baseline impairments and activity limitations that get worse over the course of a year. The elderly in
this setting may experience a limited benefit from physical therapy to decrease the development of impairments and activity limitations for improved participation

and quality of life.

Introduction

In 2014, the U.S. Department of Health and Human Services
calculated an elderly population of 46.2 million individuals, equating
to about one out of every seven American citizens [1]. It is predicted
that the number of elderly will double by 2050 [2]. Additionally, there
is a predicted increase of 27 million individuals using nursing facilities,
home services, or alternative residential care options [3] in order to
facilitate the expanding need of assistance in their later years of life
[2]. According to the National Center for Assisted Living, more than
835,000 residents lived in assisted living facilities across the United
States in 2016 [4]. ALF are ideal for individuals who wish to remain
independent in most aspects of their life but need assistance with
some activities of daily living such as eating, dressing, and self-care.
These facilities also provide health-related services such as nursing and
physical rehabilitation to older individuals [5].

It is well known that with increasing age, a decline in an individual’s
bodily functions and structures, otherwise known as impairments, are
expected. In the elderly population, a combination of psychological
and physical changes diminishes the ability of these individuals to
complete daily tasks [6]. When an individual demonstrates decreased
ability to complete functional tasks, a routine of sedentary behavior
and task avoidance develops leading to a poorer quality of life [6].
This decline in function could be explained by the limited amount of
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physical activity offered to the elderly or their limited participation [7].
At least 30% of individuals who enter a residential care facility show a
decline in muscle strength, muscle power, cardiovascular function, and
neuromuscular response times [8]. If not addressed, these impairments
could lead to more general activity limitations, further decreasing their
quality of life.

According to the literature, ALF residents have weaker hand
muscles as compared to their community dwelling counterparts [9].
The health-related quality of life of these residents, as measured by such
factors as vitality, physical functioning, general health, and bodily pain
[10], have been shown to be related to hand muscle strength [11]. There
is a strong association between handgrip strength and health decline
in the elderly population as many functional tasks, such as dressing
and eating, require the use of the hands. Furthermore, studies indicate
that “handgrip strength predicts decline in function, psychological, and
social health in the oldest old” and with weaker handgrip strength one
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can anticipate an accelerated decrease in quality of activities of daily
living (ADL) leading to increased dependency in older age [12,13].

Decreased muscle strength and ROM in the lower extremities
predispose individuals to functional decline and disability
[14]. Reductions in ankle ROM have been shown to decrease
participation in life roles in older adults [15]. According to a study by
Bok, et al, ankle ROM and strength decrease with age and correlate
with decreased balance and increased risk of falls [16]. In addition,
older men who have decreased strength in the lower extremities have
been associated with a variety of impairments regarding their physical
function, including an inability to perform ADLs and instrumental
activities of daily living (IADLs) [17]. Ultimately, this inability to
perform ADLs and IADLs independently and a fear of falling can
contribute to a decreased quality of life for elderly individuals."

Clinicians commonly use screening tools or standardized physical
performance tests on the elderly population to predict health-
related outcomes to identify older adults at high risk of poor health,
functional limitations, and falls [18]. However, there are few studies
which determine the common impairments that often appear over
the course of a year in the ALF population. Furthermore, in this
population, there are limited studies that examine the relationship of
these impairments and the impact on the residents’ ability to execute
a task or activity. The assessment tools implemented in this study aim
to evaluate the functional mobility and impairments in assisted living
facility residents. These assessment tools include: hand strength with
a handgrip dynamometer, MMT with the Microfet2™, ankle ROM
with a goniometer, and TUG, walking speed, and the 5XSST with a
stopwatch. The purpose of this report is to explore the results of the
selected outcome measures that indicate areas of impairments and
functional decline within the ALF population over the course of one
year. With a better understanding of the trends in functional mobility,
activity limitations, and impairments of this population, physical
therapists will better be able to provide meaningful assessments and
treatments addressing their specific needs and reducing adverse events.
This can lead to the ability to age in place with improved quality of life.

Methods
Participants

Participants were recruited via means of convenience sampling
at two ALF in TX. The facilities used for the study population were
Brookdale South and Sagora ALF. Inclusion criteria to participate
in this study consisted of the following: 60 years of age or older and
ambulatory at least 15 feet modified independently or independently.
Exclusion criteria included the following: a past medical history of
stroke, diagnosis of terminal illness likely to result in death within a year,
IV lines, inability to legally consent to procedures, and hospitalization
within the 6 weeks prior to participation in the research study.

Procedures

The research study was approved by the Angelo State University
Institutional Review Board and performed under the supervision of a
licensed physical therapist. Researchers contacted staff of Brookdale
South and Sagora of San Angelo via email and phone to set up times for
both ALF to gather health information and to recruit participants for
the research study. Prior to information sessions and with management
permission, flyers with a brief overview of the study were posted in
the hallways of the facilities. Management was asked to encourage
residents who could potentially meet inclusion criteria to come to the
information session. During the information sessions, the researchers
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explained the purpose, inclusion and exclusion criteria, as well as the
process of the study to the attending residents. A brief demonstration
of the tools used and tests performed for the study was conducted. At
the end of the information session, the researchers emphasized the
fact that participation was optional and those who chose to participate
were given an opportunity to set up an appointment that best suited
their schedule. To increase the number of participants for the study,
the researchers asked management to recommend other residents
who did not attend the information session and would potentially be
interested in participating in the study. Management recommended
additional residents, and they received the same information as those
at the information session in a one-on-one setting. Those who chose to
participate were added to the schedule. Door-to-door recruitment was
also incorporated with management permission. Each subject signed a
consent form prior to participation in the study.

Equipment used for the research study included: two firm, identical
chairs without arm support, handheld dynamometers for strength
testing, grip strength dynamometer, stopwatch, gait belt, goniometer,
cones, and a tape measure to mark distances in ambulatory tests. Both
dynamometers were calibrated. Gait speed and TUG test setup can be
seen in Figure 1.

Data was gathered by two pairs of physical therapy researchers. The
researchers used a standardized procedure to measure all participants
as verified in an initial training session. Researchers testing the same
components of the study followed the same order of testing and
methods of measurements for consistency and accuracy.

Clinical impairments tested were the following: bilateral lower
extremity (B LE) strength via handheld dynamometer including hip,
knee, and ankle, ankle dorsiflexion (DF) and plantar flexion (PF) active
range of motion (AROM), and hand grip strength.

Activity limitations tested were as follows: gait speed, Timed Up
and Go Test (TUG), and Five Times Sit to Stand Test (5XSST). Data for
the following tests and measures was gathered in this particular order:

o Vital Signs - Resting blood pressure and heart rate were gathered.

o Assistive device use assessment - Researchers noted the use and type
of an assistive device by the participant. FIM status was evaluated as
an observational measure during the ambulatory test.

e MMSE - The researchers asked a series of questions that assessed
cognitive impairment. This was performed once for each visit. This
was performed to ensure participant ability to follow directions.

o Gait speed - The participant was asked to walk at a self-selected pace
for 6 meters with an untimed 2 meter acceleration phase and a 2
meter deceleration phase. The participant was cued with the words
“go” and “stop.”

0 Meters 1 Meter 3 Meters 5 Meters 6 Meters
= Acceleration | Deceleration
. Zone €—— Timed Zone —> Zone
[&]
Start Stop

Figure 1. TUG and Gait Speed Testing.
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e TUG - The participant started in the seated position and was
instructed to stand up, walk 3 meters, turn around a cone, walk back to
the chair, and sit down as quickly and safely as possible. Timing started
when they initiated the movement and stopped when they returned to
the starting position, with their buttocks at the back of the chair.

o Full lower extremity MMT screen (hip, knee, and ankle) using a
Microfet2™ handheld dynamometer - Participants were seated in
a firm, armless chair and stabilized/supported by the researcher(s)
for comfort and ease of testing. Two attempts were allowed on each
leg and tested in the following order: hip flexion, hip extension, hip
abduction, hip adduction, knee flexion, and knee extension. Shoes
were then removed for ankle dorsiflexion and plantarflexion tests.
The average of the two attempts was calculated and used in the final
compilation of results.

o Degree of ankle plantarflexion/dorsiflexion active ROM - Seated in
the chair, socks and shoes were removed, the participant straightened
the knee of the leg being tested and dorsiflexed/plantarflexed the
foot. Measurements were gathered twice on each ankle. The average
of the measurements was used in the final compilation of the results.

o Isometric handgrip strength - The participant was asked to squeeze
the handgrip dynamometer as strongly as possible twice with
each hand. The average of the measurements was used in the final
compilation of the results.

o Five Time Sit to Stand Test (5XSST) - The participant was seated
in the armless chair and asked to stand up and sit down fully at a
swift pace five times. The participant was timed from the initiation
of movement to completion in the seated position after the fifth
chair stand.

Each researcher in the pair performed a specific set of tests with
consistent wording, paired with demonstration. Each participant wore
a safety/gait belt in the event that assistance was needed during the
study. The researchers stood near the participant at stand by assist (SBA)
for all tests with no constant contact that would impact test results.
One researcher assessed vitals, assistive device use, MMSE, ROM of
the ankle using a goniometer, and grip strength. The other researcher
tested muscle strength, gait speed, TUG, and 5XSST. Demographic
data for age, height, weight, gender, marital status, current number of
oral medications, ethnicity, current active diagnoses, number of falls
occurring 6 months prior to start of study, number of falls occurring
over the course of the study, recent hospitalizations, and admission
date to ALF were collected. Additionally, the participants were tested
in the spring of 2015 for initial data and in the spring of 2016 for final
data collection. The same tests and measures were taken by the same
pairs of researchers.

Statistical analysis

Data was analyzed using SPSS version 21 (IBM, Chicago, IL).
Statistical significance was considered at p < 0.05. Researchers ran a
Shapiro-Wilk test of normality and then utilized paired-samples t-tests
for the dependent variables whose data showed normality. Because the
study is a within-subject design, researchers used a Wilcoxon Rank
Sum Test for the measures that failed to meet normality. Data was
evaluated to determine if there was a correlation between impairments
and function in 2015 and again for 2016.

Results

Fifteen participants (mean of 88.5 years old) consented to complete
the study over the course of a year. Figure 2 outlines the participant
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Figure 2. Participant attrition rate.

attrition rate. A total of 15 participants were tested initially; however,
over the course of a year due to participant wellness issues, 7 were not
able to complete the final session: 3 moved to another residence, 2
declined to participate, and 2 expired.

All variables met the normality requirements except for MMT of
the left hip abduction strength, ROM of right ankle dorsiflexion, TUG,
and gait speed. Calculated paired t-test outcomes are depicted in Table
1. When comparing initial data to final data, there was a significant
difference in the scores for the following measures: left knee flexion
strength decreased t(7) = 2.752, p = 0.028; left hip adduction strength
decreased t(7) = 3.7354, p = 0.012; right plantarflexion ROM decreased
t(7) = 2.508; p = 0.041: right grip strength decreased t(7) = 5.409, p =
0.001; left grip strength decreased t(7) = 3.551, p = 0.009; and right
ankle dorsiflexion strength increased t(7) = -2.923, p = 0.022.. The
Wilcoxon Rank Sum Test demonstrated significant slowing in TUG
times from year 1 to year 2 (Z = -2.370, p = 0.017). Table 2 includes
the significant correlations between impairment and function at
initial data collection, and Table 3 includes the same final data
collection.

Discussion

Overall, the results of this study reveal significant changes at
the impairment level over the course of the year in the form of the
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Table 1. Comparing initial data to data collected 1 year later.

Paired Differences

Paired Samples Test Mean S.td.' t df (2-?;?1; d)
Deviation
Mini Mental Status Exam 1.50000 | 2.20389 1.925 7 .096
Right dorsiflexion strength -4.06875 | 3.93718 | -2.923 7 .022%*
Left dorsiflexion strength -1.38750 | 4.69435 -.836 7 431
Right plantarflexion strength 2.72500 | 12.38896 622 7 554
Left plantarflexion strength 10.87500 | 15.33244 | 2.006 7 .085
Right knee flexion strength 5.15000 | 6.90776 2.109 7 073
Left knee flexion strength 6.95000 | 7.14263 2.752 7 .028*
Right knee extension strength 94375 | 8.65693 .308 7 767
Left knee extension strength 5.81875 | 12.68500 | 1.297 7 236
Right hip extension strength -4.40625 | 8.24666 -1.511 7 174
Left hip extension strength 2.96875 | 4.88562 1.719 7 129
Right hip flexion strength 2.65000 | 7.30205 1.026 7 339
Left hip flexion strength -.11875 | 8.36540 -.040 7 969
Right hip adduction strength 7.24875 | 13.40707 | 1.529 7 170
Left hip adduction strength 7.80000 | 6.57729 3.354 7 .012%*
Right hip abduction strength 90625 | 10.25272 .250 7 810
Left hip abduction strength 1.49375 | 14.16861 298 7 774
Right dorsiflexion range of motion| 6.43750 | 9.59329 1.898 7 .099
Left dorsiflexion range of motion | 6.93750 | 15.89348 1.235 7 257
Right plantarflexion range of motion| 9.31250 | 10.50149 | 2.508 7 .041%*
Left plantarflexion range of motion | 3.81250 | 4.94930 2.179 7 .066
Right grip strength 5.56250 | 2.90858 5.409 7 .001*
Left grip strength 5.65625 | 4.50582 3.551 7 .009*
5 Times sit-to-stand (seconds) | -3.94250 | 18.36854 -.607 7 .563
Number of falls -.25000 = .70711 -1.000 7 351
* Denotes statistical significance at p < 0.05.
Table 2. Initial data collection - within year significant results.
Correlation Significance
Falls to TUG 887 .003*
Left hip abduction strength to 5xSST .803 .016*
Right hip flexion strength to 5xSST 738 .036*
Right hip flexion strength to falls 728 .041*
Right hip adduction to 5xSST 847 .008*
Left hip adduction to 5xSST 746 .034*
* Denotes statistical significance at p < 0.05.
Table 3. Final data collection - within year significant results.
Correlation Significance
Right hip flexion strength to falls 794 .019*
Right plantarflexion ROM to falls -.856 .007*
Gait speed to weight -.828 .011*
Gait speed to right plantarflexion strength 975 .047*
Gait speed to left hip extension strength -.794 .019%*
Gait speed to TUG 975 .000*

* Denotes statistical significance at p < 0.05

following: decreased left knee flexion and hip adduction strength,
decreased bilateral grip strength, decreased right plantarflexion ROM,
and increased right dorsiflexion strength. The only activity limitation
measure with significance over the course of the year was the TUG
test. Per the within-year results, some of the aforementioned areas of
decreased strength and ROM were correlated with increased levels of
disability as measured by functional tests such as the TUG, gait speed,
and the 5XSST. Poor performance on these functional tests is correlated
with higher levels of disability and prevalence of falls. Disability
and falls leads to increased healthcare costs in addition to decreased
independence and quality of life [19,20]. A single nonfatal fall cost

Geriatr Med Care, 2017 doi: 10.15761/GMC.1000107

$9,780 on average in 2015 and approximately $31.3 billion total for all
nonfatal falls per year [19]. Identifying risk factors and preventing falls
have great monetary value, as it allows the individual to save financial
resources and use them more efficiently.

Significant clinical impairment measures: Handheld

dynamometer/strength and active range of motion

Over the course of the year, the decrease in the plantarflexion ROM
could be explained by a decrease in the amount of daily ambulatory
activities, leading to the decreased utilization of the full ROM at the
ankle. Residents primarily walk within the facility on level floors,
minimizing the need for ankle compensation strategies like one would
need if ambulating on grass, gravel, or over curbs in the community.
Plantarflexion range is important as it promotes a normal gait pattern.
If there is a decrease in this range, the individual may start to develop
less effective and efficient gait habits, thereby decreasing the distance
and speed they can walk independently.

In addition, the decreases in left knee flexion and left hip
adduction strength could pose additional mobility issues in the future.
This decline in strength could be attributed to leg dominance or a
decrease in activities that require the use of these muscles, resulting
in deconditioning. As it relates to functional mobility, lower extremity
muscle strength is important for the maintenance of the proper gait
cycle in addition to the ability to perform functional activities, such
as standing up from a chair or getting into and out of the bathtub.
Inability to perform daily functional tasks decreases the safety of daily
living and the individual’s perceived independence [21,22].

Right ankle dorsiflexion strength significantly improved in the
ALF residents over the duration of the year. This finding was an
unexpected result. Functionally, dorsiflexion strength is important in
gait mechanics, as it is a vital component that assists with foot clearance
during the swing phase of the gait cycle. If an individual is unable to
perform the necessary dorsiflexion secondary to a pathology, the risk
of unsuccessful toe clearance and falls increases [23,24]. The falls could
inevitably lead to increased health problems, decreased independence,
and decreased quality of life [12,17]. The ALF offered seated exercises
that included active dorsiflexion, and residents are asked to walk to
the dining room for 3 meals each day, which can be 150" to 1000’,
depending on the location of their apartment entrance from dining.

Left and right handgrip strength significantly decreased over the
year. This decline in grip strength could be explained by the residents
not participating in activities that required the use of significant grip
strength. In the general population, grip strength is likely to be more
heavily utilized through common activities such as: steering a car,
carrying heavy grocery bags, gardening, wringing a towel, or engaging
in manual labor. Most of these activities, if not all, are typically
unnecessary tasks for those in ALF. Furthermore, with aging, there is a
degree of natural muscle decline to be expected [8]. There are various
reasons a decline in grip strength is concerning, including the fact
that grip strength is necessary to pick up objects, open doors or jars,
and safely use an assistive device. Grip strength is imperative to daily
activities and research has shown a strong correlation to grip strength
and quality of life [11]. Grip strength is said to have a strong correlation
with functional performance?* and is a predictor of functional decline,
nursing home placement, and even mortality [25]. As one example,
it has been shown that female ALF residents that fall generally have
weaker handgrip strength as compared to their female ALF non-faller
counterparts [26]. In contrast to these findings, another study indicates
that grip strength is, at best, only weakly related to functional capacity
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(as measured by TUG and the Barthel Index) [27]. However, there is
concern about the interpretability of the Barthel Index because changes
in function may not be apparent due to the variability of the scoring
system [28]. In addition, reliability has been questioned when used with
the older population [29]. Therefore, the current evidence available
could suggest that interventions designed by physical therapists to
improve grip strength would be beneficial for the daily functioning and
well-being of ALF residents.

Significant activity limitation measure: Timed Up and Go
Test (TUG)

According to the Wilcoxon Rank Sum Test results, there was a
significant increase in time to complete the TUG from year 1 to year
2. Research demonstrates that older adults who complete the TUG
in 20 seconds or less have been shown to be independent in transfer
tasks and tend to have adequate walking speed times (0.5 m/s) in
community ambulation [21]. After a year, TUG times in the ALF
population significantly increased, indicating higher risk for falls and/
or more assistance with ambulation. This population would benefit
from further examination and intervention.

These results suggest that significant changes in impairments
and one activity limitation occur over the course of one year in ALF.
Assisted living facility residents could benefit from physical therapy
interventions to prevent this decline. As these impairments eventually
become large enough to impact functional mobility, it is important to
strength and ROM early in the process. If the changes in function over
the course of a year persist with no interventions, they would likely
lead to adverse events and need for placement in a more expensive and
dependent setting for their continuum of care.

Limitations

The limitations of this study include potential human error and
inconsistency in the inter-rater reliability with ankle MMT and ROM
measurements. Inter-rater reliability for handheld dynamometer for
MMT ranges from good to high according to a study by Bohannon
in which researchers tested six different muscles of 30 participants
[30]. Another study shows a strong intra-rater test-retest correlation
for MMT using the handheld dynamometer in community-dwelling
elderly fallers [31]. It demonstrates that the measurement of MMT
with the dynamometer is a helpful tool to utilize, but the population of
the study does not directly correlate with the elderly ALF population.
As for goniometry, specifically of the ankle, inter-rater reliability was
found to be 0.7 [32]. Demographics within the study were another
limitation. Participants were Caucasian and primarily females. This
research, therefore, could most accurately be applied and related
toward elderly Caucasian females in an ALF. However, according
to the CDC National Survey of Residential Care Facilities Survey,
approximately 70% of residents are female and approximately 91%
are Caucasian [33]. Therefore, while the demographics of the study do
not fully represent the small amount of diversity seen on a larger scale,
the data can be applied to the overwhelming majority of the national
population of those residing in an ALF, as far as gender and ethnicity
are concerned. Finally, the most concerning limitations to the study
were the attrition rate and the number of residents tested. A larger
number of participants to test and retest over the year would have
been ideal. In addition, increased participant numbers would make the
research study more applicable to a larger population.

Future studies

Future studies could reproduce the current study and document
hand and foot dominance to determine if there is a correlation to falls or
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determine if there is a difference in the rate of strength decline between
dominant and non-dominant sides over the course of a year. Future
studies may benefit from either having a single person taking certain
measurements or testing the inter-rater reliability of those chosen to
perform the measurements. This will help reduce the likelihood of
measurement error. Finally, there would be great value in performing
the study in a larger demographic region to have access to a larger
population sample. The larger population sample for the research
study would be helpful to accurately determine the changes in the AL
population over the course of a year to represent ALF residents as a
whole, therefore enabling physical therapists to better serve individuals
in this setting.

Conclusion

In conclusion, research has shown that changes in function occur
with aging and have been associated with decline in quality of life
[6]. This study demonstrates that there is a development of clinical
impairments and a single activity limitation measure that was tested in
ALF residents over the course of a year. It may be beneficial to provide
physical therapy for individuals in this setting to help prevent, screen
for, and specifically address strength and ROM impairments in attempt
to prevent more observable activity limitations from subsequently
occurring. Regardless of when implemented, interventions can slow the
progression of impairments that may preserve independence, promote
safe mobility, and improve quality of life for residents in assisted living
facilities.
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