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Abstract The objective of this study was to design
and analyze the test—retest reliability of a test to assess
holistic motor competence in older adults (HMCT-
OA), as well as the capacity of this test to discrimi-
nate between sex and age. A total of 239 older adults
(age=72.44+5.93 years old) joined in this study.
The test was divided into motor cognitive section,
locomotor section, and manipulative section. Each
section and the total time to complete the test was
registered. Intraclass correlation coefficient analysis
showed 0.997 (95% CI=0.996-0.998; p<0.001) for
the total test. Also, a strong correlation between the
total test and each section was found. No significant
differences between sexes were found; however, the
participants over 80 years old showed worse perfor-
mance. The HMCT-OA showed excellent test—retest
reliability parameters for older adults. The test is safe,
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easy to set up, and was also able to discriminate per
age in healthy older adults.

Keywords Older adults - Motor competence - Gross
motor skills - Fine motor skills

Introduction

Nowadays, Spain is one of the European countries
with the highest levels of life expectancy at birth
(82.4 years). This entails a demographic revolution,
which poses new challenges in the field of health,
sustainability, and personal autonomy [1]. Although
populations around the world are quickly aging, this
increase of longevity is not being accompanied by a
prolonged period of good health, therefore, a redefini-
tion of healthy aging is necessary that emphasizes the
concept of functional capacity [2].

Aging has been associated with frailty and func-
tional limitation due to three factors: an irreversible
biological process, deconditioning due to a seden-
tary lifestyle, and the effects of comorbidity [3]. Par-
ticularly, in older adults, motor performance deficits
could be due to dysfunction of the central and periph-
eral nervous systems as well as the neuromuscular
system [4].

There are several consequences of the alteration
of motor unit morphology and properties on motor
function of older adults, affecting different aspects
of motor performance such as strength, power,

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11357-025-01812-5&domain=pdf
http://orcid.org/0000-0002-1059-5154
http://orcid.org/0000-0002-0517-3627
http://orcid.org/0000-0001-7277-6324
http://orcid.org/0000-0002-0250-0717

GeroScience

contraction velocity, fatigability, and force steadi-
ness [5]. Also, reaction time, low ability to control
and execute movements, and difficulties in learning
new motor skills [6], which lead to a large intra- and
interindividual variability in many aspects of motor
performance that increase with advanced aging [5].
With regard to this, older adults tend to walk more
slowly, have reduced muscle strength, and show
declines in memory and reasoning abilities. They also
exhibit slower responses in speeded cognitive tasks
compared to younger adults and to their own per-
formance at earlier ages [7]. Therefore, gross motor
skills which are used when moving from one place
to another, climbing stairs, or avoiding any obstacles
can decrease as the age increases [7, 8].

Quantitative biomarkers of aging are valuable
tools to measure physiological age, evaluate the
extent of ‘“healthy aging”, and potentially predict
health and life span for an individual. Being physical
function and anthropometry the most practical meas-
urements among phenotypic biomarkers of aging [9].
Especially, measuring physical capacity is a feasible
method to identify accelerated aging and biological
age [10]. Functional assessments for physical per-
formance such as handgrip strength, chair stand, gait
speed, complex gait, timed up and go, standing bal-
ance times, and 6-min walk tests are frequently used
for monitoring the biological aging process since
these tests are predictors of all-cause mortality and
survival in older community-dwelling populations
[11, 12]. In particular, motor competence (MC) could
be a relevant phenotypic marker of health throughout
life [13].

In this regard, physical function, expressed through
MC, understood as the level of development of basic
motor skills, is essential for performing most activi-
ties of daily life, work, personal autonomy, and lei-
sure enjoyment, all of which align with physical
functioning. In this sense, the systematic practice of
physical activity leads to improve physical fitness and
MC through a complex system of reciprocal interac-
tions, enhancing individual’s overall health. Stodden
et al. [14] established a conceptual model describ-
ing the relationships between physical activity, MC,
physical fitness, obesity, and health. The model
emphasizes that MC development is a primary under-
lying mechanism promoting participation in physical
activity, with clear implications for health promotion.
In this regard, current evidence indicates that MC is
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associated with health, correlates with physical activ-
ity levels [15], physical fitness [16], and weight status
[17], as well as psychosocial health, cognitive func-
tioning, and academic performance [18].

Several studies have shown that moderate physi-
cal activity reduces mortality and morbidity, and
improves quality of life [19-21]. In addition, older
adults with higher physical fitness and higher physi-
cal activity levels show more efficient brain activity
and higher executive function [22]. Especially, older
adults need to keep a proper MC level since it allows
them to have greater independence (e.g., to move
from one place to another on their own) [23]. Also,
to avoid the risk of falls, which is one of the major
causes of mortality at these ages [24]. In this regard,
the relationship between MC and physical activity
has been widely studied in the young population [25,
26]. Nevertheless, the number of studies that have
adequately analyzed and evaluated MC in older adults
remains limited [27, 28].

According to Hulteen et al. [29], the MC assess-
ment has been used in multiple studies in child, ado-
lescent, and young adult populations [18, 30, 31];
however, evidence across the entire adult age spec-
trum and in older adults is not yet available. In gen-
eral, there has not been a focus on MC assessment
in older adulthood (60+ years). In this sense, one
of the limitations in studying and improving MC is
the necessity for valid and reliable tests that allow
researchers and professionals to quantify MC levels,
identify skill deficiencies, and determine the effec-
tiveness of interventions in developing motor skills
[29].

Nowadays, several tests are used to assess MC in
older adults [32]; nevertheless, these tests were not
specifically designed for this population since they
were designed to evaluate MC in a wide range of pop-
ulations [8]; are based on observational scale [33];
have partially evaluated, through specific tests, certain
components of MC such as balance, throwing, and
walking [34, 35]; and have been designed to evaluate
performance in daily living activities, primarily used
to identify individuals at risk of disability or loss of
functional independence. Additionally, many of these
tests cannot be universalized as they involve motor
skills that are not culturally transferable. The lack of
ecological validity or the bias of qualified observation
in qualitative assessments are additional limitations
of the tests currently used to evaluate MC [36].
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MC is evaluated through product- or process-
oriented assessments. Product-oriented assessments
emphasize on quantitative results of the task without
assessing how a movement is executed which is ana-
lyzed from the perspective of the process, based on
the qualitative aspects of the movement patterns [36].
Product measures are fundamentally more objective
and may be the most advantageous alternative for
examining changes in MC over time and reducing
bias regarding the establishment of intra- and inter-
rater reliability scores. However, measuring perfor-
mance using product scores may be limited by access
to technology [36]. Moreover, in aging research, it
is necessary to develop tests that include cognitive
challenges and mirror everyday demands; thus, envi-
ronmental constraints and motor-cognitive demands
should be inherently integrated into assessments of
MC [36].

Currently, there is no international agreement on
a reference test (gold standard) for evaluating MC in
healthy older adult populations. Therefore, a quanti-
tative and holistic evaluation of both locomotor and
manipulative skills in a dual context would provide
more precise information on the evolution of MC in
older adult populations. Also, this test should empha-
size on perceptuomotor integration in dynamic per-
formance conditions (decision-making, force regula-
tion, speed, and accuracy...) [36]. In addition, there
are other factors such as the time required to conduct
the test, the specific equipment, the organization of
the results, the interpretation of the results [32], also
monetary (equipment, research needed...), and non-
monetary (time-consuming) cost [37] have to be kept
in mind when an ecological test is designed.

Therefore, the objective of this study was to design
and analyze the test-retest reliability of a test to
assess MC in older adults, as well as the capacity of
this test to discriminate between sex and age.

Methods
Participants

This cross-sectional study was composed of a
total of 239 older adults; (174 women; mean
age=72.44+5.93 years old; BMI: 21.70+3.69 kg/
m?). The participants were recruited at various lei-
sure centers for older adults in the south of Spain

(Andalusia), and they were classified into differ-
ent age groups (i.e., group 1: 60-69 years, Group 2:
70-79 years, Group 3: + 80 years) according with pre-
vious studies [39, 40]. The inclusion criteria were as
follows: (a) Older than 60 years old; (b) independent
ambulation; (c) free of any disease that requires drugs
daily that could affect gait performance;(d) do not
have a diagnosis of any disease associated with a risk
of falls; (e) the participants were not institutional-
ized in any care homes. All the participants signed an
informed consent before to join in this study. Moreo-
ver, this study was conducted attending to the norms
of the Declaration of Helsinki (2013). Also, the study
was approved by the Ethics Committee of the Univer-
sity of (omitted to avoid any author’s identification).

Material and testing
Holistic motor competence test

The Holistic Motor Competence Test in Older Adults
(HMCT-OA) (Fig. 1) test had a total distance of
13 mXx 15 m, and it was divided into three different
sections. The total time to complete the test was reg-
istered (i.e., Section 1+ Section 2+ Section 3). Also,
the time to complete each section separately was
registered (Sections 1, 2, and 3). Each section was
designed to assess different aspects of MC. The first
section evaluated motor-cognitive abilities, decision-
making capacity, and fine motor skills. The second
section focused on the assessment of participants’
locomotor competence. The third section examined
manipulative skills, including gross motor manipula-
tion using both the hands and the legs.

Motor-cognitive section

Right from the start point, the participant had to walk/
run through a speed ladder composed of 8 squares
of 40x40 cm pointed out on the ground floor being
compulsory to step inside each of the squares (alter-
natively) with at least one foot (i.e., left-right-left...).
Subsequently, the participant went inside a square
(3%3 m) delimited by cones (white, yellow, red,
and green). In the center of the square, placed on
the ground, four training cones (a cone with a hole
in the middle so it can be inserted into another cone)
with the same color as the external cones were situ-
ated. The participant had to take each training cone
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Fig. 1 Holistic motor competence test (HMTC-OA)

individually (fine motor skills) and put it inside the
cone with the same color (i.e., white-white, yellow-
yellow, and so on).

Once, the last cone was placed, the participant had
to go inside to another square with similar dimensions
(i-e., 3x3 m) situated 1 m (parallelly) to the first one.
In this square, there were four numbers (1, 2, 3, and
4) placed on the ground (each number was situated on
each corner of the square). The participant had to step
on each number in ascending order (i.e., 1, 2, 3, and
4). The position of the numbers 2 and 3 was changed
by the evaluator each time, so the participant could
not know how the numbers were situated until they
arrived at the square. Notice that the numbers 4, and
1 were always kept in the same place. The reason for
keeping numbers 4 and 1 in the same place, was to be
sure that all the participants started and finished in the
same place in this section, so they had to complete
the same distance until they reached the next task.
Once the participant stepped on the number 4, he had
to walk to the next station, which was situated 1 m (in
parallel) from the last number.

Locomotor section

Subsequently, the participant started the second
section of the test. Notice that participants did not
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interrupt their movement at the onset of this section;
instead, the researcher registered the initiation time
as participants crossed the designated starting line. A
similar procedure was followed when the third sec-
tion started. In this section, they had to jump 4 fences
(height 20 cm), situated at a distance of 2 m between
them. Afterward, they had to complete a zigzag task
composed of five cones (6 m long X3 m wide). Then,
another zigzag had to be completed, but at this time
each cone had a stick inside (1 m height) and the task
consisted of going through the cones (separated by a
1 m among them) without touching any cone. When
the last cone was passed, the older adult had to move
to the third section, which was placed 1 m after the
last cone.

Manipulative section

In the last section, the older adult had to pick up a ball
from the ground and throw it into two hoops placed
to the right and left side of the participant (0.5 m
apart). After, the participant had to put the ball on
the ground and carry the ball by dribbling with the
feet until crossing the line that indicated the end of
the test. Notice that to complete the test, the ball, and
the participant had to cross the finish line since the
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chronometer was stopped when both (ball and the
participant) crossed the finish line.

Procedure

Before starting the test, the evaluator carefully
explained each section of the test, performing the
section himself. After that, a familiarization trial
was allowed. Once the participants understood prop-
erly each section of the test, the assessment started.
Notice that a self-selected pace was allowed; how-
ever, the evaluator explained that the test should be
completed as fast as possible. Each participant com-
pleted the test individually in a separate room to mini-
mize observer bias, while the remaining participants
waited in a designated area until their turn. A verbal
encouragement was given by the evaluator to keep
the motivation and complete the test properly. Two
attempts were allowed, and the best one was regis-
tered for statistical analysis. If some Sects. (1, 2, or 3)
were not completed adequately, the test was consid-
ered null, and a new attempt was allowed. The assess-
ment was conducted on a flat surface in a quiet envi-
ronment, with the temperature maintained between
24 and 26 °C throughout the procedure. The test was
repeated 1 week later, in the same place maintain-
ing the same environmental condition, by 100 older
adults to assess the reliability of the test (test-retest).

Statistical analysis

Data were analyzed using SPSS (version 25.0) for
Windows (Spss Inc., Chicago, USA), establishing
the level of significance in p <0.05. Before conduct-
ing the analysis, the normal distribution and homo-
geneity tests (Kolmogorov—Smirnov and Levene’s
test, respectively) were performed. The findings are
displayed as means, and standard deviations (SD).
Validity and reliability of the MC test were evalu-
ated with relative reliability (test—retest consistency)
and absolute reliability using both, the standard error
of measurement (SEM) and the minimum detectable
change (MDC). The SEM was calculated as the SD
of the mean differences between the test and retest
divided by \/2 [40]. The quality of the SEM was
categorized as “very good”<5% of the total score,
“good”, between 5 and 10%, “doubtful”, between
10 and 20%, and “negative”, above 20% [41]. The
MDC establishes the limits within which changes in

the measurement score can be attributed to measure-
ment error. It is calculated as 1.96 * \/ 2 * SEM [42].
To express SEM and MDC as percentages, the fol-
lowing formula was used: SEM% or MDC% =(SEM
or MDC/mean) X 100, where the mean is the aver-
age of the test and retest scores [43]. In addition,
relative reliability was evaluated using the intraclass
correlation coefficient (ICC) and Pearson’s correla-
tion. Bland-Altman plot was used to show agree-
ment between the test and retest (1 week later), also
to detect outliers. A 95% confidence interval (CI)
of the mean difference was used to identify system-
atic biases. In addition, a partial correlation analysis
adjusted for age and sex was carried out between the
different sections of the test. Moreover, content valid-
ity was conducted by five experts in physical activ-
ity and sports sciences, and using the Delphi method
evaluated the test structure on a Likert scale from 1 to
5, ranging from not relevant to highly relevant, assess-
ing the characteristics of congruence, relevance, and
pertinence. The degree of agreement among experts
was determined using Fleiss’ kappa coefficient.

Results

Regarding the content validity of the test, a Fleiss’
Kappa coefficient of 0.811 was obtained. In rela-
tion to absolute reliability, SEM values were 0.762
(1.01%), 0.791 (2.69%), 0.949 (5.16%), and 1.524
(1.79%) for Sections 1, 2, 3, and total test time,
respectively. Also, MDC values were 2.112 (5.64%),
2.192 (7.47%), 2.630 (14.31%), and 4.224 (4.96%)
for Sections 1, 2, and 3, respectively. Regarding ICC
values, the test showed 0.959 (95% confidence inter-
val [CI]=0.948-0.969; p <0.001) in Section 1; 0.995
(95% CI=0.992-0.996, p <0.001) in Section 2; 0.989
(95% CI=0.983-0.992; p<0.001) in Section 3;
and 0.997 (95% CI=0.996-0.998; p<0.001) for
the total test. Additionally, partial correlation analy-
sis showed a strong correlation between the time of
the total test and with time needed to complete Sec-
tion 1 (r=0.919, p<0.001), Section 2 (r=0.952,
p<0.001), and Section 3 (r=0.851, p<0.001).
Moreover, a strong correlation between Section 1 and
Section 2 (r=0.844, p<0.001), also Sections 1 and
3 (r=0.647, p<0.001), and between Sections 2 and
Section 3 (r=0.743, p<0.001) was found. A weak
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correlation was found between age with total time
(r=0.214, p=0.001), Sect. 1 (r=0.244, p<0.001),
and Section 2 (r=0.237, p<0.001).

Figures 2, 3, 4, and 5 show the Bland—Altman
graph, respectively. It showed limits of agreement (2
SD) of 2.82 s/—1.41 s in Secti MDC/mean) x 100,
where the mean is the 1 (Fig. 2), 2.84 s and—1.56 s in
Section 2 (Fig. 3), 2.71 s and—0.2.56 s in Section 3
(Fig. 4), and 5.65 s and—2.8 s in total test (Fig. 5).
The result of this test indicated a good agreement
between the test and retest sessions.

Age, anthropometric data and the time to complete
the HMCT-OA of the participants separated by sex

Fig. 2 Bland-Altman

and by age groups are listed in Table 1. No significant
differences (p > 0.05) were found between sexes in the
HMCT-OA performance; however, an effect of age
was observed. Specifically, the group of individuals
over 80 years old showed poorer performance in the
Motor-Cognitive section (p <0.001), the Locomotor
section (p <0.001), and the total test time (p <0.001),
compared to the other age groups.
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Discussion

The objective of this study was to design and ana-
lyze the test-retest reliability of a test to assess MC in
older adults, as well as the capacity of this test to dis-
criminate between sex and age. The results indicated
adequate reliability for the HMCT-OA in older adults.
Thus, this test is safe, easy to perform, and highly
acceptable for this population. The HMCT-OA pro-
vides a simple and inexpensive tool to measure MC
in older adults, and it might be valuable to perform
comparative studies. Therefore, this test is already in

Mean of Pretest and Postest

line with the ecological approach regarding the use of
motor tasks that are close to real-life conditions.
Nowadays, several tests allow to assess mobility,
and balance in older adults (e.g., Timed Up and Go
test, SPBB...) [32]. However, there is no universal
consensus about which test can be considered as a
“gold standard” to assess MC in older adults [44, 45].
In addition, most of these tests assess MC isolated, as
a consequence, relying on a single type of assessment
does not offer a thorough evaluation of overall MC
levels and may limit the ability to effectively explain
their relationship with various outcomes [29, 46]. On
the contrary, the test presented in the current study
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Table 1 Anthropometric data of the participants separated by sex and age groups

Total Men Women p-value Group 1 Group 2 Group 3 p-value Effect size
Mean (SD) Mean (SD) Mean (SD) (60— (70— (>80 years) (17,,2 )
(n=238) (n=66) (n=172) 69 years) 79 years) (n=32)
(n=282) (n=125)
Age (years) 72.43 71.65 72.33 0.211  66.37 73.68 82.96 <0.001 0.801
(5.95) (6.16) (5.86) (2.33)a (2.80)b (2.78)c
Weight (kg) 70.13 71.14 69.75 0.366  68.85 70.35 72.51 0.238
(10.58) (8.94) (11.14) (11.96) 9.74) (9.58)
Height (cm) 159.80 161.52 157.33 0460  161.10 160.10 157.90 0.812
(6.47) (6.49) (6.46) (6.70) (6.70) (8.07)
BMI (kg/ 21.70 21.48 21.79 0.567  21.07 21.79 (3.46) 2294 0.048 0.025
m?) 3.7 (3.57) 3.77) 4.27)a a,b (2.67)b
Motor 41.74 39.52 42.59 0.077  40.75 40.07 50.75 <0.001 0.080
cognitive (12.60) (13.18) (12.31) (13.74)a (10.50)a (13.63)b
section (s)
Locomotor  33.86 32.06 34.55 0.164  33.23 31.51 44.34 <0.001 0.117
section (s)  (12.21) (12.37) (12.11) (1221)a  (9.70)a (13.58)b
Manipula-  21.19 19.73 21.75 0.144 2133 20.31 24.25 0.098
tive sec- (8.99) (10.31) (8.40) (10.08) (8.14) 8.79)
tion (s)
Total test (s) 96.80 91.33 98.90 0.082 9541 91.90 119.35 <0.001 0.082
(31.24) (32.60) (30.54) (32.60)a (25.47)a (33.23)b

WC waist circumference, BMI body mass index, Wom-Rest Wom-Rest Recognition Test; G1, G2, and G3, age group 1, 2, and 3,
respectively. In post hoc analysis, different subscript letters (a, b, ¢) indicate significant differences (p <0.05) between age groups

allows assessing MC in older adults with a holistic
perspective since it has been designed emphasizing
on perceptuomotor integration under dynamic perfor-
mance conditions (e.g., decision-making, force regu-
lation, speed, and accuracy...) [29]. Furthermore, the
current test was designed following the requirements
to be considered with ecological validity (i.e., include
decision-making action (Section 1), speed, and accu-
racy (Section 2)...) [47].

A second objective was to examine the influence
of age and sex on the HMCT-OA performance. In
the current study, no effect of sex was observed; nev-
ertheless, age did have an effect on HMCT-OA per-
formance. The effect of age on the decline of MC is
intrinsic to the aging process. Previous studies [27,
48, 49] showed an age-related deterioration in physi-
cal functioning, physical fitness, balance, gait speed,
obstacle negotiation and performance in complex
walking tasks. However, a key finding of the cur-
rent study was that a significant decline in HMCT-
OA performance becomes evident from the age of
80. Specifically, male and female participants aged
80 years and older required more time to complete
the HMCT-OA, especially in the Motor-Cognitive
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section and the Locomotion section. Other previous
studies highlight this chronological age as a critical
point in the accelerated deterioration of motor perfor-
mance associated with aging [27, 48, 50]. Similarly,
Parraga and colleagues [27] found no effect of sex
on linear and complex gait performance in variables
such as speed and gait variability, but they did find
a significant negative effect of age on these variables
from the age of 80.

Poor performance on the HMCT-OA with age in
older adults may be due to visual, orthopedic and
cognitive decline that might contribute to the worsen-
ing of obstacle-crossing performance [51]. Moreover,
with aging, gait progressively becomes less automatic
and requires higher demands on already declining
frontal-dependent executive control resources, which
normally enable individuals to efficiently tackle
mobility tasks [52]. In this regard, older adults dis-
play involvement of more widespread brain regions
for motor control than young adults, principally the
prefrontal cortex and basal ganglia networks [4].
Additionally, the reduction in muscle strength, along
with changes in body fat percentage, flexibility, agil-
ity, and endurance [53] associated with increased
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sedentary behavior may help explain the onset of
functional limitations and, consequently, the decline
in MC, which becomes particularly relevant from the
age of 80 onwards due to increased multimorbidity
[48, 54].

Finally, regarding the absence of sexual dimor-
phism in the HMCT-OA performance, the findings
of the current study do not support the previous
research. In this regard, Latorre et al. [55] noted
that men showed greater performance than women
in a complex gait test, although no significant dif-
ferences between sexes for any age group were
found. Likewise, Jiménez-Jiménez et al. [56] and
Rudisill et al. [57] showed that men show higher
performance in various MC tasks. Sex may influ-
ence adaptive walking across locomotor tasks such
as obstacle crossing and could manifest in a greater
risk of mobility impairment in women due to a con-
servative adaptive walking pattern [58]. Moreover,
sex differences in MC could be related to daily
physical activity levels, as previous research has
shown a decline in women’s physical activity levels
with age compared to men [59, 60]. Also, women
worsened than men in relation to quality of life,
pain, depression, number of falls and executive
function [59, 61, 62]. It could cause for the differ-
ences in physical functioning between women and
men where older women have more limitations
than older men [63] and the women’s self-percep-
tion regarding mobility in subjective measure [64].
However, the present findings seem to be consistent
with previous research [65, 66] which found no dif-
ferences between both sex in motor performance:
gait speed, stability. The contradictory results of
different studies could be related to the sociode-
mographic and cultural characteristics of the par-
ticipants, such as their level of physical activity.
Therefore, more research on this topic needs to be
undertaken.

Some limitations of this study must be mentioned.
The main limitation is the cross-sectional design;
MC performance in aging should be measured in
a longitudinal study. Second, the sample included
older adults in southern Spain, and generalization
to a wider population should be made with caution.
Finally, other factors, such as the participant’s level of
physical activity, physical fitness, and cognitive sta-
tus, were not recorded and could help explain some
of the findings in this study. Despite these limitations,

the strength of this study is that it provides a new test
to assess MC in the older population, which could be
used in other studies that should increase the number
of participants analyzed and provide reference values
by sex and age.

Practical applications

The aging process is characterized by the presence
of high interindividual variation between individu-
als of the same chronological age prompting a search
for biomarkers that capture this heterogeneity [67].
People of the same age may not age at the same rate.
Quantitative biomarkers of aging are valuable tools
to measure physiological age, evaluate the extent of
“healthy aging”, and potentially predict health span
and life span for an individual: Physical function
and anthropometry are the most practical measure-
ments among phenotypic biomarkers of aging [9].
Especially, measuring physical capacity is a feasible
method to identify accelerated aging and biological
age [10]. Functional assessments for physical per-
formance such as handgrip strength, chair stand, gait
speed, complex gait, timed up and go, standing bal-
ance times, and six-minute walk tests are frequently
used for monitoring the biological aging process and
are predictors of all-cause mortality and survival in
older community-dwelling populations [11, 12, 55,
68]. With this in mind and from a practical point
of view, MC analyzed ecologically and holistically
through the HMCT-OA, could be another valid phe-
notypic biomarker for assessing the aging process.

Conclusion

In conclusion, the results of the current study showed
very good reliability test-retest parameters for the
HMCT-OA in older adults. The test is safe, easy to
administer, acceptable, and appropriate for older
adults, and it effectively discriminates between age
groups within a healthy older adults’ population.
Consequently, teachers, coaches, physicians, and
other professionals working with individuals in this
age group may employ this test to assess motor com-
petence, even in settings with limited materials and
technological resources.

@ Springer
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