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Abstract
Objective This study aimed to determine the absolute and relative test-retest reliability of the functional reach test (FRT) and the
handgrip strength test (HGST) in older adults using nursing homes.
Methods Participants (≥ 65 years old), living in nursing homes or using their day care services, were distributed into a group
without cognitive impairment (GWCI, n = 43) and a group with mild cognitive impairment (GCI; n = 22). A 1-week test-retest
was performed for the FRT and the HGST. Relative reliability was measured by the intraclass correlation coefficient (ICC3.1),
and absolute reliability by the standard error of measurement (SEM), minimal detectable change (MDC95), and Bland-Altman
plots.
Results The ICC showed high reliability for the FRT (GWCI, ICC = 0.83; GCI, ICC = 0.87) and the HGST (ICC ≥ 0.95 in both
hands and participant groups). The absolute reliability was good: FRT, SEM = 2.96/2.29, MDC95 = 8.20/6.35 for the GWCI and
the GCI, respectively; HGST dominant hand SEM= 1.26/0.82,MDC95 = 3.50/2.29, and HGST non-dominant hand SEM= 1.05/
0.80, MDC95 = 2.90/2.21, for the GWCI and the GCI, respectively. Bland-Altman showed that there was not a systematic bias for
the tests in both groups.
Discussion Findings show that the FRT and the HGST are reliable, have acceptable measurement error, and may be used for
research and clinical purposes to assess functional balance and strength of the hands in older adults using nursing homes.

Keywords Balance . Elderly . Handgrip strength . Nursing homes . Reliability

Introduction

Estimations for the European Union suggest that the number
of institutionalized older people will triple by 2060, reaching
approximately 8.3 million [1]. In general, the level of frailty of
people entering nursing homes is high, resulting from several
factors, including disability, cognitive impairment, and acute
illness [2–4]. This reality is a major challenge for health care
personnel working in institutionalized settings.

In parallel with institutionalization, there are day care cen-
ters where the elderly stay during the day (they return to their

homes to sleep at the end of the day). A recent review of the
literature indicated that the main reasons for attending a day
care center are social isolation, loss of mobility, emotional
problems, loneliness, feeling “stuck” at home, and looking
for something to do [5]. Thus, as people living in long care
facilities (nursing homes), frequently, day care attendees also
have deficits in their health and functional status. One of the
purposes of day care centers is to provide interventions fo-
cused on older attendees’ mental health, physical function,
social life, and quality of life [5]. In Portugal, day care centers
are usually a valence of nursing homes, and at some point in
time, attenders start to live in the nursing homes.

For planning appropriate interventions to stimulate people
using nursing home services (day care and residence), it is
necessary to measure their level of functioning.
Consequently, it is important to select the best field tests to
be used by health care personnel. Unfortunately, few studies
have examined the psychometric properties of physical tests
that measure the functional status of older adults using nursing
home services [6–9]. Despite the marked growth over the
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years in the number of people using nursing home services,
still, most studies examined the reliability of physical perfor-
mance tests only in community-dwelling older adults [10–14].

In the present study, we focus on two well-known field
tests of physical fitness, the functional reach test (FRT) and
the handgrip strength test (HGST), for which there is limited
evidence on their psychometric properties in institutionalized
settings. The FRT is a clinical measure of balance that mea-
sures the maximal distance one can reach forward beyond the
length of one arm while maintaining a fixed base of support in
the standing position [15]. This test could be very useful in
institutionalized settings, as it is well known that balance is
fundamental for decreasing the risk of falls and for the perfor-
mance of ADLs in older adults [16, 17]. The HGST is a mea-
sure of the hand strength and forearm muscles and has been
shown to provide important information related to frailty and
the physical status of elderly individuals [18].

A several of studies showed that both the FRT and the
HGST are reliable in different groups of community-
dwelling older adults (FRT, stroke, frailty, and community-
dwelling elderly; HGST, Parkinson’s disease, and unilateral
thumb carpometacarpal osteoarthritis) [11, 12, 15, 19–22]. In
contrast, information on the reliability of both the FRT and the
HGST is scarce regarding older people using nursing home
services. We found just two studies that focused the FRT in
nursing homes residents [8, 23], reporting discrepant levels of
test-retest reliability, and one study for the HGST performed
in institutionalized people, which reported good test-retest re-
liability [9]. More investigations are needed to confirm these
results.

As previously referred, there is limited information on the
psychometric properties of physical performance tests in in-
stitutionalized older adults. Therefore, our goal is to examine
the absolute and relative test-retest reliability of two of the
most popular physical performance tests used with
community-dwelling older adults—the FRT and the HGST,
in a sample of older adults using nursing home services. This
is of high relevance as both balance and strength are funda-
mental abilities for the functional capacity of the growing
number of older people using nursing home services, and
therefore, they should be measured regularly.

Methods

Participants

The volunteers in this study were older adults who were using
the services of five nursing homes (day care center or living
in) in the region of Évora (Portugal) and were selected as part
of a convenience sample. The health care personnel in the
nursing homes helped to identify potential participants accord-
ing to the following inclusion criteria: living in a nursing home

or using a day care center, being aged 65 years or older, and
being capable of walking without the assistance of another
person.

The total sample included sixty-five older adults, which
were distributed in one group with mild cognitive impairment
(GCI, n = 22; 17 women) and another group without cognitive
impairment (GWCI, n = 43; 28 women), considering the
scores on the Portuguese version of the Mini-Mental State
Examination with cut-offs of ≤ 27 points or persons with >
11 years of school education, ≤ 22 for persons ranging from 1
to 11 years of school education, and ≤ 15 points for illiterate
persons [24].

Table 1 shows the general characteristics of the participants
by group. The sample was composed of old and very old
people (85.4 ± 6.0 years), and in general, the participants
had a low educational level (~ 40% illiterate). Regarding
BMI, according to the World Health Organization criteria,
41.5% of the participants were overweight, and 30.8% were
obese. Most participants (73.6%) resided in nursing homes,
and the remaining participants used day care services and
stayed overnight in their homes. There were no significant
differences between the participants who lived in the nursing
homes and the participants who used the day care services of
the nursing homes regarding the age, BMI, years of education,
and scores on the MMSE.

All participants or their legal representatives were informed
about the objectives of the study and provided informed con-
sent prior to participation. The study was approved by the
University of Évora ethics committee and conducted in accor-
dance with the Declaration of Helsinki.

Procedure

In this study, the handgrip strength test and the func-
tional reach test were performed two times 1 week apart

Table 1 Descriptive characteristics of the participants

GWCI (n = 43) GCI (n = 22)

Age (years) 84.5 (6.5) 87.1 (5.0)

Height (cm) 152 (9.5) 150 (8.0)

Weigh (kg) 64.3 (12.5) 61.3 (11.2)

BMI (kg/m2) 28 (5.2) 26.9 (3.2)

Education (years) 2.2 (2) 2.8 (3.4)

MMSE (points) 24.5 (3.9) 14.4 (6.1)

Day care services n (%) 13 (30.2%) 5 (22.7%)

Female n (%) 28 (65.1%) 17 (77.3%)

Data are expressed as mean ± standard deviation, except where n (%)

GWCI, group without cognitive impairment; GCI, group with cognitive
impairment; BMI, body mass index; MMSE, mini-mental state
examination
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to evaluate the inter-session test-retest reliability [23].
The same kinesiologist (with experience in assessing
physical performance in older adults) collected the data
at both time points. The tests were administered to each
individual separately at the nursing homes in a quiet
room.

Instruments

The strength of the hand and forearm muscles was mea-
sured (in kilograms) using a handgrip dynamometer
(Baseline Smedley, Model 12-0286, White Plains, NY,
USA). The handle of the handgrip was adjusted for each
individual according to the instructions in the manual.
The test was performed with the elbow flexed at 90°
and in the sitting position [9]. The participant was
instructed to grip the device with maximum strength for
3 s. Following a demonstration of the protocol by the
researcher, the participant performed one practice trial
(when necessary, more trials were performed to ensure
that they understood the protocol) for each hand and then
performed three test trials for each hand (starting with the
dominant hand), with a 1-min rest period between trials.
The mean of the three trials was used for data analysis. It
has been reported that the HGST shows predictive valid-
ity in identifying persons at risk of mobility limitation
[25], premature mortality, and health limitations [26].

Balance was assessed with the FRT [15]. The partici-
pants stood without any type of physical support, and their
dominant arm was positioned close to the wall (without
touching). They were asked to raise their dominant arm
with a closed fist to approximately 90° of shoulder flexion,
and the instructor recorded the position of the 3rd metacar-
pal head in this initial position (the participant held a pen-
cil, which served as a reference). The participants were
then instructed to keep their feet flat on the floor and to
reach (while maintaining a horizontal position of the arm,
and without taking a step) as far as possible and to stay in
that position for 3 s. The result was the difference (in cm)
between this position and the initial position. Following
the demonstration of the protocol by the researcher, each
participant performed the test 2 times for familiarization
(some participants had difficulty understanding the instruc-
tions, and in such cases, it was necessary to perform more
practice trials). Afterwards, each participant performed the
test 3 times, and the mean of three trials was used for data
analysis. In the original study on the FRT and other sub-
sequent studies, it was reported that the FRT has predictive
validity for the occurrence of falls in older adults [27, 28].
More recent studies (systematic reviews) do not support
the use of the FRT as a single measure to predict the risk
of falls of older adults [29, 30].

Data analysis

Relative and absolute reliability was assessed for each test
using a test-retest design. Relative reliability, which refers to
the degree to which individuals in a sample maintain their
position across repeated measurements [31], was determined
by two-way mixed-model intraclass correlation coefficients
(ICC) (3,1) with absolute agreement [32]. In the present study,
the following cut-off points were used: ICC < 0.5 indicates
poor reliability; 0.5 to 0.74 indicates moderate reliability; 0.75
to 0.9 indicates good reliability; and > 0.9 indicates excellent
reliability [33, 34].

Absolute reliability, which refers to the degree to which
repeated measurements vary for individuals (the less they
vary, the higher the reliability) [31], was calculated by the
standard error of measurement (SEM), the minimal detectable
change (MDC) and Bland-Altman 95% limits of agreement
(LoA). The SEM reflects the standard deviation of measure-
ment errors [31], and lower values indicate high reliability
[35]. The SEM was calculated using the formula SEM =
SD√(1 - ICC), where the SD is the mean of the standard
deviations of the two trials [36]. The MDC is based on the
SEM and is defined as the minimal changes in the scores [37].
TheMDCwas calculated at the 95% level of confidence using
the formula MDC95 = 1.96 × √2 × SEM [38]. The MDC
indicates the smallest within-person change in a score that
can be considered as a “real” change, above the measurement
error of an individual [39]. The Bland-Altman plots provide a
graphical presentation of the differences between two tests
plotted against the mean difference of the two tests, allowing
a visual assessment of the scoring distribution and potential
measurement bias [40]. The 95% limits of agreement (LoA)
were estimated as the mean difference ± 1.96 × SD of the
difference. The number of participants was calculated accord-
ing to Walter, Eliasziw, and Donner (1998), considering α =
0.05 and β = 0.20, in which the desired ICC was 0.8, with a CI
of 0.60 [41].

Additionally, to detect possible systematic bias between the
duplicate tests, paired sample t tests were computed for the test
results in the two sessions. The level of significance was
established to be p < 0.05. The data were analyzed using
SPSS 24.0 for Windows (SPSS Inc., Chicago, IL).

Results

Sixty-five older adults using nursing home services participat-
ed in this study. In the GWCI, two participants did not perform
the second evaluation of the FRT and the HGST due to health
problems, and two participants chose not to participate in the
second day of assessments of HGST. In the GCI, four and
three participants decided not to participate in the second

Ir J Med Sci



day of assessment of the FRT and the HGST, respectively. A
single rater conducted all assessments.

Table 2 shows the relative and absolute reliability values of
the two physical performance tests for both groups of partic-
ipants. The relative reliability was good for the FRT (GWCI,
ICC = 0.83; GCI, ICC = 0.87) and excellent for the HGST
(dominant and non-dominant hand) in both groups (ICC =
0.95 to 0.98). The SEM and MDC95 were higher for the
FRT than for the HGST in both groups. Thus, the highest
SEM value (as a percentage) was 13.5% on the FRT and
6.7% on the HGST; the highest MDC95 values were 37.4%
and 18.5% on the FRT and on the HGST, respectively. The
GCI had smaller values for both the SEM andMDC95 than did
the GWCI.

The mean scores obtained in sessions one and two were
very similar for all tests and for both groups, and the paired
sample t test confirmed that they were not significantly differ-
ent. Hence, in the GWCI, the mean difference in the scores
between the two test sessions for the FRT, HGST with the
dominant hand, and HGST with the non-dominant hand was
− 0.77 cm (3.2%; t = − 1.16, p = 0.25), 0.02 kg (0.09%; t =
0.06, p = 0.96), and − 0.33 kg (1.8%; t = − 1.43, p = 0.16),
respectively. In the GCI, the mean difference in the score was
0.11 cm (0.5%; t = 0.13, p = 0.90) for the FRT, − 0.32 kg
(1.2%; t = − 1.17, p = 0.26) for the HGST with the dominant
hand, and − 0.05 kg (0.32%; t = − 0.17, p = 0.87) for the
HGST with the non-dominant hand.

The Bland-Altman plots (Figs. 1 and 2) show the 95%
limits of agreement for the tests. It is possible to observe that
in all plots, most of the values were within 95% of LoA,
indicating a normal distribution of the differences between
the first and second sessions. Hence, there was no evidence
of increasing variability with an increase in the mean, suggest-
ing good agreement in the participants’ performance between
sessions.

Discussion

In the present investigation, the relative and absolute reliabil-
ity (test-retest method) of the FRT and the HGSTwere studied
in older adults with and without cognitive impairment, living
in or using the day care services of nursing homes.

In the present study, the ICC for the FRTwas good for both
groups (GWCI, ICC = 0.83; GCI, ICC = 0.87). This finding is
in line with findings from previous studies that reported high
values of relative reliability (ICC 0.87 to 0.98) for the FRT in
different groups of older adults, including those with stroke,
frailty, and community-dwelling elderly individuals [15,
21–23]. We found only two studies that focused on the FRT
reliability in participants living in nursing homes. The most
recent study showed results similar to ours, reporting an ICC
of 0.85 [8], but the study of Fox reported a low ICC of 0.38
[23]. Despite the difference in the ICC values between both
studies, one should note that the sample of the study by Fox
et al. was composed per older adults with dementia [23] while
the participants in the study by Galhardas et al. had a normal
cognitive status [8]. Although in the present research we in-
cluded a group of older adults with cognitive impairment (for
which the FRT showed to have high relative reliability), com-
parisons should be performed with caution since we only used
the MMSE as a screening tool for cognitive functioning, and,
therefore, it was not possible to determine whether partici-
pants (or how many participants) have dementia.

The FRT performance was better in the GWCI than in the
GCI. This result was expected, as, in general, motor perfor-
mance is negatively affected by decrements in cognitive func-
tioning [42]. Curiously, the SEM and MDC95 were lower in
the GCI (SEM = 2.29; MDC95 = 6.35) than in the GWCI
(SEM = 2.96; MDC95 = 8.20), but the magnitude of the dif-
ferences was relatively low. These small differences may be
related to the sample size being smaller in the GCI than in the

Table 2 Intraclass correlation coefficient, standard error of measurement for repeated measures, and minimal detectable change scores at the 95%
confidence interval for the tests

Mean (SD)

Test item n Test Retest Difference ICC (95%) SEM MDC95

GWCI

FRT (cm) 41 21.6(7.6) 22.3 (6.7) − 0.7 0.83 (0.70–0.90) 2.96 8.20

HGST dominant hand (kg) 39 18.9 (5.9) 18.9(5.8) 0.01 0.95 (0.91–0.98) 1.26 3.50

HGST non-dominant hand (kg) 39 17.1 (5.6) 17.4 (5.4) − 0.3 0.96 (0.93–0.98) 1.05 2.90

GCI

FRT (cm) 18 20.4 (6.6) 20.3 (6.2) 0.1 0.87 (0.68–0.95) 2.29 6.35

HGST dominant hand (kg) 19 16.7 (5.4) 16.9 (5.2) − 0.2 0.97 (0.94–0.99) 0.82 2.29

HGST non-dominant hand (kg) 19 14.8 (5.3) 14.8 (5.2) − 0.05 0.98 (0.94–0.99) 0.80 2.21

GWCI, group without cognitive impairment; GCI, group with cognitive impairment; FRT, functional reach test; HGST, handgrip strength test; SD,
standard deviation; ICC, intraclass correlation coefficient; SEM, standard error of measurement; MDC, minimal detectable change
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GWCI. Some previous studies have reported the SEM and the
MDC for the FRT. Regarding the two studies [8, 23] that
investigated the FRT in nursing home residents, only the later
reported results on the test-retest absolute reliability. In this
case, the authors indicated better scores than in the present
study (SEM = 1.5, and MDC95 = 4.0 cm) in participants with-
out cognitive impairment. Another study reported worse
scores than ours for the SEM (4.56 cm) and the MDC95

(12.64 cm) in community-dwelling older adults with mild to
moderate Alzheimer’s disease [43]. We also found a study
with adults > 50 years old with osteoarthritis, which indicated
an SEM of 3.43 cm and an MDC of 8.0 cm (in this case, the
MDC was calculated for the 90% level of confidence). We
highlight that theMDC95 is clinically relevant because it helps
to identify real changes beyond measurement errors. Our data
show that for the GWCI and the GCI, changes by 8.2 cm and
6.4 cm, respectively, are necessary for considering an inter-
vention to be clinically relevant in participants using nursing

home services or that the scores truly changed over time in this
group. Regarding the FRT, the Bland-Altman plots and the
paired sample t test showed that there was no systematic bias
(the mean difference was close to zero) between the perfor-
mance on the tests administered 1 week apart. The LoA for the
FRT was relatively wide, and the visual inspection of the
Bland-Altman plots confirmed the existence of some variabil-
ity in the differences between the first and second measure-
ments over the increments of the participants’ mean
performance.

Due to the reduced physical fitness and the general frailty
of older adults living in nursing homes [17], and due to its
practicality in clinical settings [29], the FRT is an appealing
test for assessing balance in elderly individuals. Interestingly,
we have not found in the literature any study on the validity of
the FRT alone for the prediction of falls in older adults living
in nursing homes. One should note, however, that as recent
reviews indicate that the FRT might not be a valid instrument

Fig. 1 Bland-Altman plots for the group without cognitive impairment (GWCI). The middle lines represent the mean difference between test-retest. The
upper and lower lines represent the 95% limits of agreement (LoA)
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for predicting the occurrence of falls in older adults living in
the community [29, 30], other measures (e.g., Berg Balance
Scale or the Timed Up and Go test) may be necessary for that
purpose in older adults living in institutionalized settings.

The HGST has been used as an indicator of overall muscle
strength and function, and is associated with mobility and
activities of daily living [44]. In the current study, the ICC
for the HGST was excellent for both hands in the two groups
(dominant hand, ICC = 0.95 for the GWCI and ICC = 0.97 for
the GCI; non-dominant hand, ICC = 0.96 for the GWCI and
ICC = 0.98 for the GCI). These results are similar to those of a
previous study with nursing home residents and day care cen-
ters that reported excellent values for ICC (> 0.91) [9].
Furthermore, other investigations also reported excellent
ICC (0.91 to 0.98) in different groups of community-
dwelling elderly individuals, including Parkinson’s disease,
dementia, and unilateral thumb carpometacarpal osteoarthritis
[11, 12, 19, 20, 23].

The GCI showed better performance than did the GWCI in
the HGST. For the HGST, the SEM and MDC95 were rela-
tively lower in the GCI (SEM = 0.82, MDC95 = 2.29, domi-
nant hand; SEM = 0.80, MDC95 = 2.21, non-dominant hand)
than in the GWCI (SEM = 1.26, MDC95 = 3.50, dominant
hand; SEM = 1.05, MDC95 = 2.90, non-dominant hand). A
previous study with older adults in nursing homes and day
care center showed worse results than our study (right hand,
SEM= 1.70, MDC95 = 4.71; left hand, SEM = 1.73, MDC95 =
4.80) [9]. In contrast, the SEM andMDC95 values were slight-
ly higher than those reported in previous studies with older
adults, namely, in those with Parkinson’s disease (SEM= 0.05
for both hands) [11] and osteoarthritis (SEM = 0.61 for the
affected right hand, SEM= 0.54 for the contralateral left hand)
[12]. Curiously, a study with community-dwelling older
adults reported SEM values that were much higher (SEM =
15.8, right hand; SEM = 21.3, left hand) [19]. Nevertheless,
one should note that in this study, the HGST measures were

Fig. 2 Bland-Altman plots for the group with cognitive impairment (GCI). Themiddle lines represent the mean difference between test-retest. The upper
and lower lines represent the 95% limits of agreement (LoA)
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obtained over a 12-week interval. In contrast, a recent study
[20] reported lower values of the MDC95 (1.18) for the HGST
in community-dwelling elderly individuals.

The Bland-Altman plots showed that there was no system-
atic bias in the HGST. The mean values were close to zero in
all plots, and the LoA values were relatively small.
Interestingly, the results of the Bland-Altman plots for the
HGST in the GCI were close to those reported in a previous
study [23] with older adults with dementia living in residential
aged care facilities. Fox et al. (2014) also reportedmeans close
to zero (0.17 and − 0.57 for the right and left hand, respec-
tively) and a small LoA (− 4.55 to 4.88 and − 3.93 to 2.80 for
the right and left hand, respectively) [23].

Limitations and strengths of the study

This study has a number of limitations. The GCI was formed
according to the MMSE scores, and in the absence of a more
comprehensive cognitive evaluation, it was not possible to
diagnose cases of mild cognitive impairment or dementia.
Moreover, the sample size of the GCI was inferior to the
optimal sample size (39 participants) previously calculated,
limiting the generalizability of the findings. Nevertheless,
considering the currently limited information on the reliability
of physical tests for older adults with cognitive impairment,
we choose to include the GCI in the analysis. Finally, we did
not evaluate the functional capacity index of the participants
or their level of fragility.

Conversely, there are some important strengths. The pres-
ent study provides evidence that two of the most popular
physical performance tests for older adults are reliable for
older adults using nursing home services. This adds to the
literature, as most related studies have focused on
community-dwelling older adults. Furthermore, the present
investigation also included people with cognitive impairment,
a group for which there is a lack of available information
regarding assessment instruments.

Conclusion

This study showed that both the FRT and the HGST have high
reliability and have acceptable measurement error in older
adults with and without cognitive impairment using nursing
home services. Thus, these tests could be valuable clinical
tools for assessing the balance and strength of the hands of
older adults in institutionalized contexts.
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