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Abstract: This study aimed to examine the sensitivity of the isometric knee extension (IKE) test to
detect changes in the lower-limb strength of institutionalized older adults after exercise and inactivity
periods. Thirty-four and fifteen institutionalized older adults completed the training and inactive
periods, respectively. At each time point, the participants completed two testing sessions. In the
first session, they performed the IKE test. As a complement to this evaluation, the second testing
session was used to assess their functional capacity and handgrip strength. The sensitivity of the
IKE test was examined by comparing the changes generated in this test against the repeatability
of the protocol. A 4-week multicomponent Vivifrail program was implemented. After that, a
subsample of the participants was re-evaluated after a 14-week inactivity period. Significant changes
(p < 0.01; ES ≥ 0.27) in the IKE strength for both the dominant (+0.27 N/kg) and non-dominant
legs (+0.25 N/kg) were produced after the training intervention. Likewise, significant decrements
(p < 0.01; ES ≥ 0.31) were detected after the inactive period for the dominant (−0.29 N/kg) and
non-dominant legs (−0.32 N/kg). All mean changes were found to be superior to the variability
threshold of the IKE test for both legs, with superior sensitivity for the non-dominant leg (≥73%).
Thus, the IKE test is a sensitive and practical tool for detecting changes in the lower-limb strength
of institutionalized older adults after exercise and inactivity periods. Because of its applicability, it
seems pertinent to implement the IKE test in a geriatric context.

Keywords: physical evaluation; multicomponent exercise; detraining; COVID-19 confinement; aging

1. Introduction

Sarcopenia is characterized by a progressive decline in functional capacity, muscle
mass, and strength [1] and is the most common aging-related syndrome. In particular,
lower-limb strength constitutes a relevant clinical outcome among older adults, specifically
for those with sarcopenia, who have a higher risk of disability, frailty, institutionalization,
and death [2,3]. A recent estimation from the Eurostat online database (28 European
countries) suggests an increase of 60–70% of individuals with sarcopenia by 2045, affecting
12.9 to 22.3% of older people [4]. Age-related deconditioning of lower-limb strength occurs
mainly due to the loss of muscle mass, together with the deterioration of neural patterns
and tendon proprieties [5,6]. Declines of 24–30% in lower-limb strength were reported in
older adults after 12 years of follow-up [7]. Moreover, inactivity periods due to illness,
injuries, or hospitalizations—frequent in older adults [8]—accentuate loss in muscular
function, reaching decrements of 11–16% after 7–10 days [9,10]. Therefore, assessing lower-
limb strength is crucial to develop effective approaches for preventing and even reversing
the aforementioned aging-related alterations [11].
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Although several tests are available, they present limitations for older adults. For
example, the one-repetition maximum and the number of repetitions to failure tests have
been used to evaluate the dynamic lower-limb strength in older adults [12–15]. The one-
repetition maximum test refers to an incremental loading evaluation up to the heaviest load
that the participant can properly lift without any external help, completing the full range of
motion [16]. The number of repetitions to failure test requires the participant to perform
as many repetitions as possible with a given load, and then the 1RM is calculated using
estimation formulas [17]. Nevertheless, both tests usually produce excessive fatigue and
muscle soreness in the older population [18]. Advances in technology-based approaches
have made it possible to accurately estimate lower-extremity strength without fatigue using
the velocity-based method (i.e., monitoring the barbell velocity) [19,20]. However, this
approach requires specific equipment, such as a leg extension or Smith machine, which are
not normally present in a geriatric context.

Another practical and widely used tool to screen strength and neuromuscular capac-
ity [21] is the isometric knee extension (IKE) test. This evaluation consists of a 3-s trial
of maximal isometric contractions involving the extensor muscles of the knee [22]. The
IKE test presents some advantages compared to dynamic methods, namely the technical
simplicity, low injury risk, high reliability, and ease of use within clinical settings, as it can
be implemented using portable devices, such as strain gauges [23]. In addition to being a
specific tool for screening lower-limb strength, the resulting value of the IKE test is highly
associated with two relevant health-related outcomes in aging—physical function (e.g.,
agility, gait speed, and standing ability) and muscle mass [22].

However, to date, there is no information on the sensitivity of this practical test to
detect clinical changes in lower-limb strength after training or an exercise cessation period.
This interpretation of sensitivity is essential to be confident that changes detected by the
IKE test when implemented as an evaluation method are produced by actual improvements
or decrements in lower-limb strength and not by the protocol instability (i.e., biological and
measurement device variations) [24–26].

Against this background, this study aimed to examine the sensitivity of the IKE test
within clinical settings to detect changes in the lower-limb strength of institutionalized
older adults after exercise training and an inactivity period.

2. Materials and Methods
2.1. Experimental Design

This research was part of the HEAL study, an ongoing multicenter randomized con-
trolled trial [27]. Older adults living in nursing homes completed 4 weeks of the tailored
multicomponent exercise program Vivifrail [28]. Their lower- and upper-limb strength and
functional capacity were evaluated at baseline (T0) and after the exercise intervention (T1).
Then, a subsample was re-evaluated after a 14-week inactivity period due to COVID-19
confinement (T2). Physical evaluations were based on two testing sessions at each time
point (i.e., T0, T1, and T2). In the first session, all participants performed the IKE test (main
outcome). As a complement and 48 h after the IKE assessment, the second testing session
was used to assess the functional capacity of the participants using the Short Physical
Performance Battery (SPPB) and Timed Up and Go (TUG) tests, in addition to evaluating
the isometric handgrip strength (IHS).

2.2. Participants and Eligibility Criteria

All participants underwent a medical examination to identify any controlled cardio-
vascular or metabolic disease that would exclude them from the exercise training.

The results from a previous study with older adults revealed changes in the IKE
strength (main outcome) with an effect size (ES) of 0.36 [29]. Assuming an alpha value of
0.05 and a power of 95%, a clinically relevant change between the pre- and post-intervention
values of IKE strength was identified with 28 subjects using G*Power Software (version
3.1.9.7). Assuming a maximal loss of follow-up of 20%, 36 nursing home residents over
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70 years old were recruited. However, two participants dropped out of the exercise
intervention due to illness. Therefore, the total number of older adults who completed
the 4-week training intervention was 34. Then, a subsample of 15 was re-evaluated after a
14-week inactive period after the training program. A flowchart diagram of the study with
patient follow-up is shown in Figure 1.
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Figure 1. Flowchart of the study with participants.

The characteristics of the sample analyzed in the exercise and inactivity periods are
detailed in Table 1. The inclusion and exclusion criteria were set according to the Vivifrail
exercise program and HEAL study [27]. The study, which was conducted according to the
Declaration of Helsinki, was approved by the Ethics Commission of the Local University
(ID: 2131/2018). All participants signed a written consent form after being informed of the
purpose and experimental procedures.

Table 1. Characteristics of the study sample analyzed at baseline.

Outcome Exercise Group
(n = 34)

Inactive Subgroup
(n = 15)

Age (years) 84.4 (9.7) 86.0 (7.6)
Women, n (%) 15 (44%) 6 (4%)

BMI 27.7 (4.8) 28.8 (3.8)
MMSE (score) 25.6 (6.2) 25.6 (5.8)
Barthel (score) 76.9 (25.7) 68.1 (28.3)
Lawton (score) 3.8 (2.5) 2.3.(1.3)
SARC-F (score) 3.9 (2.1) 4.0 (2.1)

FES-I (score) 11.1 (3.3) 12.0 (3.1)
SPPB (score) 5.6 (2.8) 7.1 (3.6)

Dominant IHS (kg/kg) 0.24 (0.1) 0.23 (0.1)
Non-dominant IHS (kg/kg) 0.23 (0.1) 0.24 (0.1)

Dominant IKE (N/kg) 2.6 (0.9) 2.6 (0.9)
Non-dominant IKE (N/kg) 2.5(0.9) 2.6 (0.8)

5 rep STS, (s) 19.7 (6. 9) 12.5 (2.9)
4-m gait speed (s) 8.8 (6.6) 6.3 (3.6)

Timed up and go (s) 22.5 (13.5) 19.0 (9.7)
Data are presented as mean (standard deviation) unless otherwise stated. BMI, body mass index; FES-I, Falls
Efficacy Scale—International; IHS, isometric handgrip strength; IKE, isometric knee extension; MMSE, mini-
mental state evaluation; SARC-F, simple questionnaire to rapidly diagnose sarcopenia; SPPB, short physical
performance battery; STS, sit-to-stand.



Appl. Sci. 2023, 13, 2946 4 of 11

2.3. Outcome Measures

An initial screening using questionnaires was conducted to evaluate the participants’
cognitive state (using the Mini-Mental State Examination, MMSE) [30], disability in daily
activities (using the Barthel [31] and Lawton [32] indexes), fear of falling (using the Fall
Efficacy Scale—International, FES-I) [33] and sarcopenia (using the SARC-F scale [34]).
Thereafter, the IKE, SPPB, IHS, and TUG evaluations were conducted. Two trials of each
physical test were recorded 2 minutes apart, and the highest value was used to analyze
the pre-post changes after the training or inactive period. The physical assessments are
detailed below:

For the isometric knee extension (IKE) test (main outcome), the participants assumed a
sitting position on a custom-built bench and conducted a 3-s trial of maximal voluntary
contraction for both the dominant and non-dominant legs, which were measured separately
at a comfortable knee angle of 110–120◦ knee (180◦ = full extension) [22]. A portable strain
gauge sampling at 80 Hz (Chronojump, Barcelona, Spain) was secured to the bench and
attached at the end to a chain connected to a padded resistance anklet. This padded
anklet was specifically designed for maximal isometric testing to guarantee mechanical
rigidity and minimize movement [35]. The chain length was adapted depending on the
anthropometric characteristics of the participants to obtain the above-mentioned target
angle [36]. Before the trial, the knee angle was measured using a human-held goniometer
(Nexgen Ergonomics, Point Claire, Quebec, Canada). The strain gauge was calibrated
before the session using a 5.0 kg Eleiko disc (Eleiko, Halmstad, Sweden) according to
the manufacturer’s instructions. The initial pre-tension was standardized and confirmed
using real-time visual feedback to avoid countermovement [35,36]. The maximal voluntary
contraction force (instantaneous highest value of force) was obtained from the manufacturer
software in relative terms (highest force value/subject’s body mass).

The Short Physical Performance Battery (SPPB) test (secondary outcome) [37] was assessed
to evaluate the participants’ functional capacity using the following tests: static balance,
4-m gait speed, and 5 sit-to-stand (STS) repetitions. The static balance test included tandem,
semi-tandem, and side-by-side positions. For each balance stand, the timing was evaluated
based on when the participants moved their feet, or when 10 s (highest possible score) was
achieved. The 4-m gait speed test was conducted from a static position at the usual walking
pace. The participants performed the 5-repetitions STS test with their arms across their
chest and were timed from the initial sitting position to the final standing position at the
end of the fifth repetition. Moreover, the relative mean power (watts/subject’s body mass)
resulting from the 5-repetitions STS test was estimated using a mathematical formula [36].
Based on the results achieved in each test, this battery was scored from 0 (worst) to 12
(best). The resulting scores are part of the Vivifrail program to determine each individual’s
physical exercise program (described later in detail) [28].

The participants’ isometric handgrip strength (HIS, secondary outcome) was evaluated
separately for each hand (i.e., dominant and non-dominant hand) in a seated position,
with their shoulders neutrally rotated and adducted, elbows flexed at 90◦, forearms in
neutral, and wrists between 0 and 30◦ of dorsiflexion [38]. A calibrated digital dynamometer
adjustable (Takei 5401-C, Shinagawa-Ku, Tokyo, Japan) was used. The results derived from
this test (in kg) were expressed in relative terms (kg achieved in the test/subject’s body
mass).

The Timed Up and Go (TUG) test (secondary outcome) measured the time it took the
participants to (i) stand up without using their arms, (ii) walk 3 m, and (iii) turn around and
sit back down [39]. A person with a time greater than 20 s is considered to have low agility
according to the Vivifrail guidelines. This test has been proposed for measuring agility (i.e.,
dynamic balance) and as a good predictor of fall risk among older adults [40,41].

All tests started with the cue “3, 2, 1, go” and were directed by experienced strength
and conditioning trainers in order to prevent falls. The time-based evaluations (e.g., the
TUG test) were measured using the stopwatch option of the Garmin Forerunner 235
(Garmin Ltd., Olathe, KS, USA). All assessments were encouraged and performed under
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similar climatological conditions (20–24 ◦C and 45–55% relative humidity), at the same time
of day (16:00–18:00 h), and after an identical warm-up (2-min walk and 5 STS repetitions).

2.4. Multicomponent Exercise Intervention and Inactive Period

The nursing home residents participated in 4 weeks of the Vivifrail exercise program,
specifically designed to prevent weakness and falls [42,43]. After the initial measurements
(T0), the exercise program was individualized depending on the person’s functional capac-
ity level (i.e., their SPPB score). Four functional levels are proposed for 4 tailored exercise
regimes: serious limitation or disability (SPPB score of 0–3, Level A), moderate limitation
or frail (SPPB score of 4–6, Level B), slight limitation or prefrail (SPPB score of 7–9, Level C),
and robust (SPPB score of 10–12, Level D). All regimes included cardiovascular (walking),
resistance (handgrip, biceps curl, squat, and knee extension,), balance (walking on toes and
heels, in line, around small obstacles, and stepping), and flexibility (arm and hamstring
stretching) exercises. Participants at Level A or with low agility (i.e., TUG test > 20 s)
performed a 5-day-a-week routine of multicomponent exercises, whereas the remaining
groups (Levels B, C, and D) combined strength, balance, and stretching sessions (3 days
per week) with walking sessions (2 days per week). The duration of the cardiovascular
exercises ranged from 3 min (Level A) to 20 min (Level D), walking at a pace that allowed
the participants to keep a conversation continuously. Resistance exercises included 3 sets
of 12 repetitions, regulating the load of dumbbells and ankle weights with which the
participant was able to perform 30 repetitions. This level of effort (i.e., 12(30); 12 repetitions
using an absolute load (kg) that would allow the participants to complete a total of 30
repetitions) [44] was established for all regimes (i.e., Levels A, B, C, and D) according to the
Vivifrail guidelines. Dynamic balance exercises were conducted in all regimes depending
on the functional capacity, and participants with low agility were assisted by the trainer in
order to prevent falls. Three sets of 10 s of one static stretching exercise were performed
for both upper- and lower-limb exercises in all regimes. A two-minute rest was imposed
between all exercises and sets. Adherence to the program was documented in a daily
register during the intervention. The training sessions were directed by qualified strength
and conditioning trainers (Degree in Sports Science) and supervised by a medical doctor,
nurse, or physiotherapist. All material concerning the tailored Vivifrail exercise program is
available online (https://vivifrail.com/resources/, accessed on 2 May 2022).

In the 4th week of training, the exercise program was interrupted by confinement
due to COVID-19. This 14-week confinement period was used for evaluating changes in a
subsample of participants during an inactive time. Importantly, none of the participants
included in this subsample was infected by severe acute respiratory syndrome-coronavirus-
2 (SARS-CoV-2) during the confinement period.

2.5. Statistical Analyses

Standard statistical methods were used for the calculation of the means and standard
deviations (SD). The normality of the data was verified using the Shapiro–Wilk test. Stu-
dent’s t-test was used to determine differences between the time points (i.e., T1 vs. T0
and T2 vs. T1). The significance level was set at p < 0.05. The effect size was calculated
to estimate the magnitude of the differences between the time points using Hedge’s g
and interpreted as large (g > 0.80), moderate (g > 0.50), or small (g > 0.20) [45]. The sen-
sitivity of the IKE test was examined by comparing the changes generated in this test
against the repeatability of the protocol itself (using the standard error of measurement,
SEM). This variation was recently described for both the dominant (SEM = 0.26 N/kg) and
non-dominant legs (SEM = 15 N/kg) in older adults with characteristics similar to those
included in the current study (age 87.0 years, BMI 28.5, SPPB 5.4 points) [22]. The statistical
calculations were performed using a custom Microsoft Excel spreadsheet and statistical
software SPSS version 22 (IBM Corp., Armonk, NY, USA). The figures were designed using
GraphPad Prism software version 6.0 (GraphPad Software Inc., La Jolla, CA, USA).

https://vivifrail.com/resources/
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3. Results
3.1. Training Period

Attendance to the training sessions was over 80% (93.7 ± 7.3%). The results of each
test include the changes of those participants who were able to perform it at both time
points (i.e., T0 and T1) (Table 2). All participants conducted the IHS and IKE tests, although
not all could complete the STS (62%), TUG (92%), or 4m gait speed (94%) evaluations
due to supramaximal effort for them (i.e., physical limitations to perform the assessment).
The training intervention produced significant improvements (p < 0.05 to p < 0.001) for
all functional capacity evaluations (ES > 0.48), whereas changes in the IHS did not reach
significance (ES < 0.21).

Table 2. Changes in physical assessment after the 4-week training program.

Outcome N (%) Baseline (T0) Post-Training (T1) ES (T0-T1)

Functional capacity
SPPB (score) 34 (100) 5.59 (2.80) 7.68 (3.11) 0.66 ***
5 rep STS (s) 21 (62) 19.70 (6.89) 14.20 (4.44) 0.93 **

Relative power STS (W/kg) 21 (62) 1.83 (0.70) 2.45 (0.76) 0.83 **
4m gait speed (s) 32 (94) 8.76 (6.59) 6.18 (3.08) 0.50 *

TUG (s) 28 (82) 22.52 (13.51) 17.00 (8.4) 0.48 ***
Handgrip strength
Dominant (kg/kg) 34 (100) 0.24 (0.09) 0.25 (0.09) 0.15

Non-dominant (kg/kg) 34 (100) 0.23 (0.09) 0.24 (0.07) 0.21
N, number of participants; STS, sit-to-stand; SPPB, Short Physical Performance Battery; TUG, Timed Up and Go;
ES, effect size expressed as Hedge’s g; significant changes at p < 0.05 *, p < 0.01 **, and p < 0.001 ***.

Figure 2 shows the changes in the IKE test. Significant (p < 0.01) changes in the IKE
strength for both the dominant (ES = 0.28) and non-dominant legs (ES = 0.27) were detected
after the multicomponent program. Specifically, changes in the group means for both legs
(dominant = +0.27 N/kg; non-dominant = +0.25 N/kg) were found to be superior to the IKE
test variation (i.e., repeatability). Considering individual changes, 53% (for the dominant
leg) and 77% (for the non-dominant leg) of the participants showed an increase/decrease
in the IKE strength above the variability threshold of the test.

Appl. Sci. 2023, 13, 2946 7 of 12 
 

 

Figure 2. Individual (bars) and group (horizontal black line) changes in the IKE test after the Vivi-

frail program. The yellow-shaded range represents the SEM of the IKE test recently reported for 

older adults. The individual changes that the IKE test was able to detect are represented by green 

(increase) and red (decrease) bars, while blue bars mean cases whose increase/decrease in perfor-

mance did not exceed the SEM of the test. 

3.2. Detraining Period 

Similar to T0, the STS, TUG, and 4m gait speed could not be performed by all the 

participants included in this inactive period due to supramaximal effort (Table 3). Signif-

icant decrements were found for the SPPB score and TUG tests (p < 0.05, ES > 0.26), but 

not for the STS, gait speed, and IHS (ES > 0.02). 

Table 3. Changes in physical assessment after the 14-week inactive period. 

Outcome N (%) 
Pre-Inactive Pe-

riod (T1) 

Post-Inactive Pe-

riod (T2) 
ES (T1-T2) 

Functional capacity     

SPPB (score) 15 (100) 7.10 (3.60) 6.1 (3.8) 0.26 * 

5 rep STS (s) 9 (60) 12.47 (2.92) 16.61 (7.13) 0.72 

Relative power STS (W/kg) 9 (60) 2.54 (0.81) 2.12 (1.04) 0.43 

4m gait speed (s) 14 (93) 6.30 (6.59) 8.84 (9.08) 0.36 

TUG (s)  14 (93) 19.00 (9.74)  24.66 (17.53) 0.39 * 

Handgrip strength     

Dominant (kg/kg) 15 (100) 0.23 (0.10) 0.23 (0.09) 0.01 

Non-dominant (kg/kg) 15 (100) 0.24 (0.09) 0.24 (0.09) 0.02 

N, number of participants; STS, sit-to-stand; SPPB, Short Physical Performance Battery; TUG, Timed 

Up and Go; ES, effect size expressed as Hedge’s g; significant changes at p < 0.05 *. 

Significant (p < 0.01) declines in the IKE strength for both the dominant (ES = 0.31) 

and non-dominant legs (ES = 0.37) are shown in Figure 3. Changes in the group means for 

both legs (dominant = −0.29 N/kg; non-dominant = −0.32 N/kg) were found to be superior 

to the IKE test variation. Regarding the individual changes, 40% and 73% of the partici-

pants achieved changes superior to the variability threshold for the dominant and non-

dominant legs, respectively. 

Figure 2. Individual (bars) and group (horizontal black line) changes in the IKE test after the Vivifrail
program. The yellow-shaded range represents the SEM of the IKE test recently reported for older
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and red (decrease) bars, while blue bars mean cases whose increase/decrease in performance did not
exceed the SEM of the test.

3.2. Detraining Period

Similar to T0, the STS, TUG, and 4m gait speed could not be performed by all the par-
ticipants included in this inactive period due to supramaximal effort (Table 3). Significant
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decrements were found for the SPPB score and TUG tests (p < 0.05, ES > 0.26), but not for
the STS, gait speed, and IHS (ES > 0.02).

Table 3. Changes in physical assessment after the 14-week inactive period.

Outcome N (%) Pre-Inactive
Period (T1)

Post-Inactive
Period (T2) ES (T1-T2)

Functional capacity
SPPB (score) 15 (100) 7.10 (3.60) 6.1 (3.8) 0.26 *
5 rep STS (s) 9 (60) 12.47 (2.92) 16.61 (7.13) 0.72

Relative power STS (W/kg) 9 (60) 2.54 (0.81) 2.12 (1.04) 0.43
4m gait speed (s) 14 (93) 6.30 (6.59) 8.84 (9.08) 0.36

TUG (s) 14 (93) 19.00 (9.74) 24.66 (17.53) 0.39 *
Handgrip strength
Dominant (kg/kg) 15 (100) 0.23 (0.10) 0.23 (0.09) 0.01

Non-dominant (kg/kg) 15 (100) 0.24 (0.09) 0.24 (0.09) 0.02
N, number of participants; STS, sit-to-stand; SPPB, Short Physical Performance Battery; TUG, Timed Up and Go;
ES, effect size expressed as Hedge’s g; significant changes at p < 0.05 *.

Significant (p < 0.01) declines in the IKE strength for both the dominant (ES = 0.31) and
non-dominant legs (ES = 0.37) are shown in Figure 3. Changes in the group means for both
legs (dominant = −0.29 N/kg; non-dominant = −0.32 N/kg) were found to be superior to
the IKE test variation. Regarding the individual changes, 40% and 73% of the participants
achieved changes superior to the variability threshold for the dominant and non-dominant
legs, respectively.
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4. Discussion

The results of the current study suggest that the IKE test is a sensitive evaluation to
detect changes in the lower-limb strength of institutionalized older adults produced by
training and inactivity periods. This finding supports the inclusion of the IKE test as a
valid and practical evaluation in nursing homes and clinical settings.

Before including a test in an evaluation battery, practitioners should first analyze its
sensitivity. Certainly, a change in any physical capacity should only be considered a real
change if it is larger than the variability of the protocol implemented [46], which in turn
includes the biological variability of the participant and the error of the device used [47].

The current study found that the IKE test was sensitive enough to detect the group
changes generated in institutionalized older adults over 70 years old after both the 4-
week training and the 14-week inactive period. However, when individual changes were
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interpreted, we detected a superior sensitivity of the IKE test when conducted for the non-
dominant leg (≥73% individual changes detected) compared to the dominant one (≥40%
individual changes detected) (Figures 2 and 3). Since the changes in the lower-limb strength
generated after the training and inactive periods were similar for both legs (difference of
≤0.03 N/kg), the higher sensitivity of this IKE evaluation for the non-dominant leg could
be explained by its lower variability when implemented for this leg (±0.15 N/kg) compared
to the dominant one (±0.26 N/kg) [22]. Considering these findings, future investigations
implementing the IKE test for determining changes in lower-limb strength should use the
specific variability threshold for each leg instead of a common one to adequately interpret
the effects of the intervention conducted. Importantly, a strength of the current study was
the use of a previously determined variability threshold [22] in older adults with an age
(<2.6 years difference), BMI (<0.8 difference), and physical level (<1.7 points difference in
the SPPB) similar to those included in both periods of this study (Table 1). Nevertheless,
future studies implementing the IKE test for evaluating older adults with characteristics far
from those described above (e.g., healthy community-dwelling older adults or people with
Alzheimer’s disease) should use the variability threshold specific to that population and
then apply it in practice [48].

On the other hand, this study found that the significance of IKE changes was in line
with the significance of the results of the complementary tests included for evaluating
functional capacity changes, especially after the training program (Table 2). Enhancements
in the knee extensor strength produced by the exercise intervention were probably directly
transferred to actions that were proven to be highly dependent on these lower-limb muscles,
such as walking or chair raising [49]. Indeed, significant correlations between the IKE test
and these functional actions were previously reported for institutionalized older adults [22].

Finally, it is worth highlighting that, together with the handgrip evaluation, the IKE
test was the only assessment capable of being performed by 100% of the participants
included. When carrying out physical capacity assessments among institutionalized older
adults, practitioners should be aware that the very low strength levels commonly present
in this population [50] could limit the range of tests they can complete. Considering
this aspect, practitioners are encouraged to include the IKE test not only as a sensitive
and affordable assessment but also as a practical and low-risk method for evaluating the
lower-limb strength of institutionalized older adults.

The main limitation of this study is that the results obtained from the present sample
(i.e., institutionalized older adults) cannot be extrapolated to other training or detraining
periods or to other older populations (e.g., healthy community-dwelling older adults).
Therefore, future researchers must (i) analyze the sensitivity of the IKE test after longer
training (i.e., >4 weeks) or shorter detraining periods (i.e., <14 weeks) and (ii) extend the
repeatability and sensitivity analyses of the IKE test using a strain gauge in older people
with different characteristics beyond those included in the current study.

5. Conclusions

These findings suggest the inclusion of the IKE test as a sensitive and practical eval-
uation to detect changes in the lower-limb strength of institutionalized older adults after
exercise and inactivity periods. Because of its easy-to-use format and applicability (i.e.,
usable for people with disabilities or reduced mobility), it seems pertinent to implement
the IKE test as a complement to other physical assessments proposed in nursing homes and
clinical settings, especially among institutionalized older adults who are unable to walk or
rise from a chair.
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