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Abstract

and settings.

Physical fitness is a critical marker of overall health across all age groups, influencing longevity and quality of life. This
systematic review assessed the use of remote physical fitness assessments, a crucial adaptation during the COVID-19
pandemic that broadened access to health monitoring outside traditional settings. The review included 35 stud-

ies, covering various age groups and health conditions, and evaluated 48 physical fitness tests across eight physi-

cal fitness components. Balance, muscular strength, and endurance were the most frequently assessed, with tests
like the 30-second sit-to-stand (30s-STS) showing strong validity, reliability, and feasibility for remote use. However,
the study population was mainly adults and older adults, with nearly no focus on children, revealing a significant gap
in research for younger populations. Additionally, the review identified gaps in assessing components such as body
composition, reaction time, and agility, which are crucial for a comprehensive assessment of physical fitness. These
gaps underscore the need for further research and development of reliable and valid remote assessment tools. The
findings of this review emphasize the importance of standardizing remote physical fitness assessments to ensure
their validity, reliability, and feasibility making them effective tools for health monitoring across diverse populations

Introduction

Physical fitness is a crucial health marker for both cur-
rent and future health status across all age groups,
including children, adolescents, and adults [1-4]. Fur-
thermore, being physical fit has been shown to positively
influence longevity [5] and health-related quality of life
[6]. Physical fitness can be divided into 11 components
which fall into two groups [7]. The health-related compo-
nents of physical fitness (a) cardiorespiratory endurance,
(b) muscular endurance, (c) muscular strength, (d) body
composition, (e) flexibility, and the skill-related compo-
nents of (f) agility, (g) balance, (h) coordination, (i) speed,

*Correspondence:

Thorsten Klein

thorsten klein@ph-karlsruhe.de

! Institute of Movement and Sport, Karlsruhe University of Education,
Bismarckstral3e 10, 76133 Karlsruhe, Germany

2 Institute of Sports and Sports Science, Karlsruhe Institute of Technology,
Kaiserstral3e 12, 76131 Karlsruhe, Germany

B BMC

(j) power, and (k) reaction time [7]. The regular assess-
ment of physical fitness provides essential insights into
an individual’s overall health and potential risks for vari-
ous conditions. In this context physical fitness tests are
widely used to assess physical fitness, with different tests
tailored to measure specific components of physical fit-
ness. For instance, tests like the standing long jump or
vertical jump are commonly used to assess the muscu-
lar strength of the lower body [8]. Conventionally, these
assessments are conducted face-to-face in standardized
settings, allowing a comprehensive test profile and the
testing of a representative sample size [9]. However, the
outbreak of the COVID-19 pandemic significantly dis-
rupted this traditional approach, making it challenging
to conduct face-to-face assessments in both scientific
studies and healthcare settings. Consequently, remote
delivery of physical fitness testing, defined as any non-
face-to-face method including telephone, video, or postal
delivery, has gained popularity.
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The shift to remote delivery of physical fitness assess-
ments presents both unique challenges and promising
opportunities. Remote delivery can overcome logistical
barriers such as transportation issues and social isolation.
This broader accessibility can enhance the inclusion of
underserved groups in clinical research [10] and ensure
the continuity of studies during pandemic conditions.
However, the digital divide [11] may exclude individuals
lacking digital infrastructure or training, potentially lead-
ing to biases in study samples. Additionally, poor internet
quality can lead to testing errors, affecting the accuracy
and reliability of remote assessments. Therefore, it is
important to rigorously evaluate the validity, reliability,
and feasibility of remote testing methods.

To date, there has been limited systematic review of
remote physical performance assessments. A systematic
review by Heslop et al. (2023) [12] focused exclusively
on older adults and investigated the agreement between
face-to-face and remote assessments, as well as the feasi-
bility of conducting remote assessments. In their review
Heslop et al. (2023) [12] included nine different physical
fitness measures and did not encompass the broader pop-
ulation or a wider range of physical fitness components
[7]. Given the increasing reliance on remote method-
ologies, it is essential to expand the scope of research to
include children, adolescents, and adults. Therefore, the
aims of this systematic review are (1) to assess the evi-
dence on how physical fitness is measured remotely using
physical fitness tests and (2) to evaluate the validity, reli-
ability, and feasibility of remote measuring methods for
physical fitness across all age groups, starting from one
year old. This review will provide new insights into the
potential of remote physical fitness assessments to serve
as reliable and valid alternatives to conventional face-to-
face methods, thereby ensuring continuity and inclusivity
in health research and practice.

Methods

We conducted a systematic review following the criteria
of the “Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA)” statement [13] (Supple-
mentary Table 1). This systematic review was also prereg-
istered at PROSPERO (CRD42024507600).

Eligibility criteria

Studies meeting the following inclusion criteria were
included in this review: (1) a live videoconference or a
video recording was used to measure physical fitness, (2)
physical fitness tests were used to measure physical fit-
ness, (3) outcome measures of validity, reliability, or fea-
sibility were reported and (4) participants were at least
1 year old. Studies that used a videoconference as a test
method or as an intervention method without reviewing
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the test methodology (e.g. validity, reliability, or feasibil-
ity) were excluded. Additionally, studies using apps or
other automated data collection were excluded.

Search

The databases PubMed, EBSCOhost, and Web of Science
were used to identify articles. The search was performed
in July 2023 and was run from 1966 (or earliest date in
the database) to end of June 2023. For all databases we
used the following systematic search term strategy. The
primary search terms ((“digital”), (“remote”), (“internet-
based”), (“mobile applications”), (“apps”), (“mobile apps”),
(“video call”), (“video meeting”), (“video-based”), (“vide-
oconferencing”), (“telerehabilitation”)) were each con-
nected (“AND”) separately with the secondary search
terms ((“motor skill”), (“motor performance”), (“physical
fitness”), (“motor fitness”)) and with the tertiary search
terms ((“test”), (“assessment”)). The search was limited
to the titles, abstracts, and keywords. No further restric-
tions were made. An updated literature search was per-
formed in September 2024.

Study selection

After removing duplicates in Citavi 6.16 (Swiss Aca-
demic Software GmbH, Widenswil, Switzerland) records
were screened for title and then abstract. Following this,
the full-texts of the relevant studies were screened. The
screening process was conducted independently by two
researchers (T.K. and A.H.-D.). No automation tool was
used in this process. Disagreements concerning the inclu-
sion of full texts were resolved by discussion or by con-
sulting a third reviewer if no consensus was achieved by
discussion. For studies excluded in the full-text screening
process, reasons for exclusion are noted (Supplementary
Table 2). A snowball search was conducted in February
2024 to find further relevant titles from the reference lists
and citations of the included studies. Furthermore, sys-
tematic reviews were excluded in this review but their
reference lists and citations are also screened if they seem
relevant to the review question. The updated search was
performed by only one reviewer (T.K.).

Data extraction and synthesis

One reviewer (T.K.) extracted the data from the included
studies and another reviewer (A.H.-D.) checked the
extracted data to reduce risk of errors. The characteristics
of the included studies regarding author and year of pub-
lication, country, sample size, age and sex distribution,
physical fitness tests, main outcomes of interest for this
review (measures of validity, reliability, and feasibility),
statistical analyses, and results were extracted. If possi-
ble and practical, the individual test results for the sub-
tasks of physical fitness batteries (e.g. the short physical
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performance battery - SPPB) were reported instead of the
total results.

Given the large heterogeneity in the methodologies
and results of included studies, a meta-analysis was ruled
out. Rather, data were synthesized in summary tables
and a narrative synthesis was conducted. Studies were
grouped according to the physical fitness components
by Caspersen et al. (1985) [7], that can be assigned to the
used physical fitness tests (tests can be assigned to mul-
tiple components). The fitness components of the tests
were determined based on the information contained in
the included studies and the listed references. Subgroup-
ing was made based on the used physical fitness tests
(e.g. 30s-Sit-to stand test). A description of each study
population, the physical fitness tests used, the main out-
come of interest, and results is presented. Additionally,
an overview of the physical fitness component(s) that
can be assigned to the physical fitness tests used in the
included studies is presented. In the summary and syn-
thesis, all studies were included. A standardized met-
ric or transformation method was not imposed as the
included data were too heterogeneous. The different
validity, reliability and feasibility results were summa-
rized by using arbitrary categories and then grouped by
the assigned physical fitness components of the physical
fitness tests. Categories for validity measures were Good
(r>0.7,0* >0.8;ICC > 0.75; B > 0.8; PA > 0.9; rho > 0.5) ,
Moderate (r=031-0.7;a® = 0.7 — 0.8; ICC = 0.5 — 0.75;
B =0.6—0.8; PA=08—0.89;7h0=03-0.5) and Poor
(r <031;a* <0.7;ICC <0.5; 8 <0.6; PA < 0.8;rho < 0.3) .
Categories for reliability measures were Good
{CC > 0.75; o > 08k > 0.6), Moderate (ICC =0.5
—0.75; P = 0.667 — 0.8; k = 0.4 — 0.6) and Poor (ICC
< 0.5; 0P < 0.667; k < 0.4). Categories for the feasibil-
ity measures were Good (80-100% completion rate),
Moderate (60-80% completion rate) and Poor (<60%
completion rate). In view of the range of measures and
their heterogeneity, we did not evaluate the certainty of
evidence.

Study quality assessment

Study quality was assessed in two parts. For all stud-
ies, excluding randomized controlled trials (RCTs), the
EPHPP Quality Assessment Tool for Quantitative Studies
[14] was used. This tool contains in total 20 items spread
over the components selection bias, study design, con-
founders, blinding, data collection methods, withdrawals
and drop-outs, intervention integrity and analyses. With
the exceptions of intervention integrity and analyses, all
components are rated either strong, moderate or weak.
These ratings will be used as a guide for the global study
risk of bias rating. The quality assessment was carried out

(2025) 17:11

Page 3 of 21

independently by two reviewers (T.K. & A.H.-D.) and dis-
agreements were resolved by discussion.

To assess the methodological quality of the included
RCTs we used the Evidence Project’s risk of bias tool
[15]. This tool contains eight items, evaluated using the
options: no, yes, not applicable, or not reported. The
eight items include: (1) Cohort, (2) Control or com-
parison group, (3) Pre/post intervention data, (4) Ran-
dom assignment of participants to the intervention, (5)
Random selection of participants for assessment, (6)
Follow-up rate of 80% or more, (7) Comparison groups
equivalent on sociodemographics, and (8) Comparison
groups equivalent at baseline on outcome measures.
These items can in turn be grouped into three categories:
(1) Study design (items 1-3), (2) Participant representa-
tiveness (items 4-6), and (3) Equivalence of compari-
son groups (items 7 & 8). The quality assessment for the
RCTs was carried out independently by two reviewers
(T.K. & C.N.) as well and disagreements were resolved by
discussion.

Results

The initial search (see Fig. 1) resulted in 8827 publica-
tions (2631 publications from PubMed, 3807 publica-
tions from EBSCOhost, and 2389 publications from Web
of Science). After removing duplicates, 4886 articles
remained for the title and abstract screening. After both
screening stages, 4851 studies were excluded, and 35
studies remained. After the eligibility screening of the full
texts, another 23 articles were excluded. Furthermore,
the reference lists and citations screening of all included
studies resulted in 22 additional eligible publications. The
updated literature search resulted in one additional eligi-
ble publication. In total, 35 studies were included in this
review.

Study characteristics

A summary of study characteristics of the included
studies is shown in Table 1. Of the 35 studies, eleven
were conducted in Europe (three in Turkey), eleven in
North America, nine in Australia-Oceania, three in
Asia, and one in South America. In total the included
studies were spread across 13 countries which geo-
graphical distribution is shown in Fig. 2 (USA=10; Aus-
tralia=8; Spain=4; Turkey=3; Greece=2; Belgium=1;
Brazil=1; Canada=1; India=1; Israel=1; New Zea-
land=1; Norway=1; Singapore=1). Publication years
show that 27 of the included studies were published
since 2020. The sample sizes ranged from 10 to 157 par-
ticipants, and the mean age ranged from 1 to >80 years.
Only four studies investigated children and adolescents
below the age of 18 years, while 17 studies investi-
gated people 60 years and older. Of the 35 studies, 23
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Fig. 1 Flow diagram of the screening process (adapted from Page et al,, 2021 [13])

investigated people with different kinds of health con-
ditions, with cancer (4) and diabetes mellitus type 2 (3)
being the two most common. On the other hand, twelve
studies investigated people without any diagnosed con-
ditions while two of those investigated a mixed sample
of people with and without health conditions.

Study qualities

The results of the quality assessments are shown in
Table 2 (non-RCTs) and Table 3 (RCTs). Of the non-
RCTs, 10 studies were rated with a strong quality rating,
17 studies were rated with a moderate quality rating, and
five studies were rated with a weak quality rating. For
the component of the selection bias most studies had a
moderate rating while no study had a strong rating. In
the study design component all studies had a moder-
ate rating. In terms of blinding most studies had a weak

rating and no study had a strong rating. For the com-
ponents of confounders and data collection methods
all studies had strong ratings without exception. In the
withdrawals and drop-outs all component all studies but
two had strong ratings. The three RCTs showed primar-
ily strong ratings in the study design category, whereas
one study did not use both an control group and an pre/
post design. Regarding participant representativeness
the RCTs showed almost without exception strong rat-
ings, while only one study did not randomly select the
participants for the assessment. In terms of the equiva-
lence of comparison groups a mixed picture is seen. One
study showed strong ratings throughout, while the other
two studies did either not report on all items or the items
were not applicable.
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Summary of validity, reliability and feasibility results

A summary of the validity, reliability, and feasibility
grouped by the physical fitness components of the physi-
cal fitness tests is shown in Table 4. Out of the 11 physi-
cal fitness components, balance (108) contains overall
the most measures, followed by muscular strength (91),
muscular endurance (43), power (23), coordination (21),
cardiorespiratory endurance (14), speed (11), flexibility
(4), and agility (1). No measures were recorded for body
composition and reaction time. Regarding validity, bal-
ance contained for the most part good measures (12/25),
as well as muscular strength (13/17), muscular endurance
(5/8), power (3/5), and cardiorespiratory endurance (4/4).
Coordination contained four good measures (out of 10),
agility one (out of one), and flexibility contained no valid-
ity measures. Regarding reliability, all components pre-
dominantly contained good measures (balance (63/69),
muscular strength (51/55), muscular endurance (22/22),
power (13/13), speed (7/11), cardiorespiratory endurance
(8/8), coordination (7/8) and flexibility (3/3)). Regarding
feasibility, all components solely contained good meas-
ures (muscular strength (19/19), balance (14/14), mus-
cular endurance (13/13), power (5/5), cardiorespiratory
endurance (2/2), flexibility (1/1) and coordination (1/1)).

Physical fitness components

In total, 48 different physical fitness tests were used in
the included studies. These can be assigned to nine of the
eleven physical fitness components by Caspersen et al.
(1985) [7], with body composition and reaction time con-
taining no physical fitness tests. Out of the 48 physical
fitness tests, 13 tests were used in more than one study
and the remaining 35 tests were used once. 29 of the
physical fitness tests can be assigned to one physical fit-
ness components, 18 tests can be assigned to two compo-
nents, and one test can be assigned to four components.
A tabular overview of the 48 physical fitness tests and
their respective physical fitness component(s) is shown in
Supplementary Table 3.

Balance

Of the 48 physical fitness tests, 17 can be used to assess
balance. Among them, the 30-second sit-to-stand test
(30s-STS) was the most frequently used, featured in 14
studies. It demonstrated a high validity correlation for
comparing remote to face-to-face (R2F) assessments
[49], as well as a high [31] and moderate [28] correla-
tion for comparing remote-to-remote (R2R) assessments.
Regarding reliability, the 30s-STS consistently showed
good to excellent correlations for interrater reliabil-
ity (R2F [36, 40]; R2R [26, 47, 49]), intrarater reliability
(R2F [47]; R2R [44]), test-retest reliability (R2R [32, 33,

(2025) 17:11
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49]), and relative reliability (R2F [35]). Feasibility results
indicated completion rates over 94% [28, 30, 32, 41, 42,
48). The 5-times sit-to-stand test (5XSTS) was used in 11
studies and showed an excellent validity correlation for
the R2F condition [11]. For reliability, results indicated
good to excellent (R2F [39, 46]; R2R [11, 29, 47]) as well
as moderate (R2R [31]) correlations for interrater reli-
ability, consistently excellent correlations for intrarater
reliability (R2F [47]; R2R [31, 44]), an excellent (R2R [29])
and a moderate (R2F [38]) correlation for test-retest reli-
ability, and an excellent correlation for relative reliability
(R2F [35]). Feasibility outcomes showed completion rates
over 95% [11, 29, 30, 46, 48]. The Timed up and go test
(TUG) was also featured in 11 studies, showing good to
excellent/high validity correlations for the R2F condi-
tion [11, 20, 49] as well as a high [32] and moderate [34]
correlation for the R2R condition. Reliability results con-
sistently demonstrated good to excellent correlations for
interrater reliability (R2F [19, 20, 40]; R2R [11, 31, 34, 47,
49)), intrarater reliability (R2F [47]; R2R [19, 20, 31, 34]),
test-retest reliability (R2R [32, 33, 49]), and relative relia-
bility (R2F [35]). Feasibility results for the TUG showed a
100% completion rate [11, 32]. The Standing balance test
(SB) was utilized in four studies, none of which examined
validity measures. Results for the interrater reliability
showed an unacceptable score for the R2R condition [31],
while the intrarater reliability demonstrated a nearly per-
fect score for the R2R condition [31], and the test-retest
reliability an excellent correlation for the R2F condition
[38]. Feasibility outcomes for the SB showed completion
rates over 95% [30, 48]. The Unipedal balance test (UB),
used in three studies, demonstrated medium to high
validity correlations (R2F [37]) as well as excellent corre-
lations for the interrater reliability (R2R [47]), intrarater
reliability (R2F [47]), and a good correlation for the rela-
tive reliability (R2F [35]). The Berg balance scale (BBS),
included in two studies, displayed moderate validity cor-
relations for the R2F condition [34]. Interrater reliability
results consistently showed excellent correlations (R2F
[19]; R2R [34]), and intrarater reliability displayed good
to excellent correlations (R2R [19, 34]). The Functional
reach test (FR), used in two studies, demonstrated a
high validity correlation for the R2R condition [32]. Reli-
ability results consistently showed excellent correlations
for interrater reliability (R2F [19]), intrarater reliability
(R2R [19]), and test-retest reliability (R2R [32]). Feasi-
bility results indicated a 100% completion rate [32]. The
360° Turn test (360-TT), used in one study [19], showed
excellent correlations for both interrater reliability (R2F)
and intrarater reliability (R2R). The Dynamic gait index
(DGI), evaluated in one study [34], demonstrated a mod-
erate validity correlation (R2R) and good correlations for
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Fig. 2 World map displaying the geographical distribution of the included studies (created with EviAtlas; Haddaway et al., 2019 [50])

both interrater and intrarater reliability. The Expanded
timed up and go test (ETUG), featured in one study [16],
exhibited a high validity correlation (R2F), moderate to
excellent correlations for interrater reliability (R2R), good
to excellent correlations for intrarater reliability (R2R),
and moderate to good correlations for test-retest reli-
ability (R2R). The Functional gait assessment test (FGA),
used in one study [34], showed a moderate validity cor-
relation (R2R) and good correlations for both interrater
and intrarater reliability (R2R). The Lateral reach test
(LR), included in one study [19], demonstrated excellent
correlations for both interrater reliability (R2F) and int-
rarater reliability (R2R). The Movement Assessment Bat-
tery for Children - Second Edition (MABC2), assessed
in one study [22], showed unacceptable to high levels of
percentage agreement for validity (R2F) and a 100% com-
pletion rate. The Tinetti Performance-Oriented Mobility
Assessment Gait Scale (POMA-G), used in one study [24],
exhibited a moderate validity coefficient and a moderate
coefficient for interrater reliability (R2F). The Single leg
stance (SLS), featured in one study [33], demonstrated a
good correlation for test-retest reliability (R2R). The Sit-
ting and rising test (SRT), used in one study [44], showed
a good correlation for interrater reliability (R2R). The
Step test (ST), included in one study [19], demonstrated

excellent correlations for both interrater reliability (R2F)
and intrarater reliability (R2R).

Muscular strength

Of the 48 physical fitness tests, 16 can be used to assess
muscular strength. The three most frequently used tests
for this purpose were the 30s-STS, the TUG, and the
SXSTS (for results, see subsection Balance). The I-min-
ute sit-to-stand test (IM-STS) , featured in two studies,
demonstrated an excellent correlation for the interrater
reliability in the R2F condition [39], and a 100% comple-
tion rate [41]. The 10-times sit-to-stand test (10XSTS) ,
also used in two studies, showed excellent correlations
for interrater reliability (R2R [47]), intrarater reliability
(R2F [47]), and relative reliability (R2F [35]). The I-min-
ute push-up test (IM-PU) was used in one study [27],
which reported a 100% completion rate for feasibility.
Similarly, the I-minute sit-up test (1M-SU), assessed in
the same study [27], also reported a 100% completion
rate for feasibility. The 30-second arm curl test (30s-AC)
was featured in one study [26], which found an excel-
lent correlation for interrater reliability (R2R). The Calf
raise test (CRT ), used in one study [33], showed a good
correlation for test-retest reliability (R2R). The Curi-up
test (ClU), included in one study [32], demonstrated a
high validity correlation and an excellent correlation for
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Table 2 Study quality assessment (EPHPP Quality Assessment Tool for Quantitative Studies)
Author & year Selection bias  Study design  Confounders Blinding  Data Withdrawals Global rating

collection and drop-outs

methods
Botolfsen et al,, 2008 [16] Moderate Moderate Strong Weak Strong Strong Moderate
Coxetal,2013[17] Moderate Moderate Strong Moderate  Strong Strong Strong
Palacin-Marin et al,, 2013 [18] Moderate Moderate Strong Moderate  Strong Strong Strong
Russell et al., 2013 [19] Weak Moderate Strong Weak Strong Strong Weak
Hwang et al, 2017 [20] Moderate Moderate Strong Weak Strong Strong Moderate
Hoenig et al, 2018 [21] Moderate Moderate Strong Weak Strong Strong Moderate
Nicola et al., 2018 [22] Weak Moderate Strong Moderate  Strong Strong Moderate
Cabrera-Martos et al, 2019 [23]  Moderate Moderate Strong Moderate  Strong Moderate Strong
Venkataraman et al.,, 2020 [24] Weak Moderate Strong Moderate  Strong Strong Moderate
Gavazzi et al, 2021 [25] Moderate Moderate Strong Weak Strong Strong Moderate
Ogawa et al,, 2021 [16] Moderate Moderate Strong Moderate  Strong Strong Strong
Bhagat et al,, 2022 [27] Weak Moderate Strong Weak Strong Strong Weak
Bowman et al,, 2022 [28] Moderate Moderate Strong Weak Strong Strong Moderate
Espin et al, 2022 [29] Weak Moderate Strong Moderate  Strong Strong Moderate
Glngoretal, 2022 [32] Moderate Moderate Strong Weak Strong Strong Moderate
Lawford et al., 2024 [33] Moderate Moderate Strong Moderate  Strong Strong Strong
Pelicioni et al., 2022 [34] Moderate Moderate Strong Weak Strong Strong Moderate
Peyrusqué et al., 2022 [35] Moderate Moderate Strong Weak Strong Strong Moderate
Aktan et al., 2023 [36] Moderate Moderate Strong Moderate  Strong Strong Strong
Button et al, 2023 [37] Moderate Moderate Strong Weak Strong Strong Moderate
Hoge et al, 2023 [38] Moderate Moderate Strong Weak Strong Strong Moderate
Mavronasou et al., 2024 [39] Moderate Moderate Strong Weak Strong Strong Moderate
Mehta et al., 2023 [40] Moderate Moderate Strong Moderate  Strong Strong Strong
Ng et al, 2023 [41] Weak Moderate Strong Weak Strong Strong Weak
Nunez-Cortés et al,, 2023 [42] Moderate Moderate Strong Weak Strong Strong Moderate
Pepera et al., 2023 [43] Moderate Moderate Strong Moderate  Strong Strong Strong
Silva et al,, 2023 [44] Moderate Moderate Strong Weak Strong Strong Moderate
Sinvani et al,, 2023 [45] Weak Moderate Strong Weak Strong Strong Weak
Steffens et al.,, 2023 [46] Moderate Moderate Strong Weak Strong Strong Moderate
Buckinx et al., 2024 [47] Weak Moderate Strong Weak Strong Weak Weak
Laietal, 2024 [11] Moderate Moderate Strong Moderate  Strong Strong Strong
Tutlneken et al,, 2024 [49] Moderate Moderate Strong Moderate  Strong Strong Strong

Table 3 Study quality assessment of the included RCT’s (Evidence Project risk of bias tool)

Study design Participant representativeness Equivalence of comparison groups
Author & year Cohort Control or Pre/post Random Random Follow-up Comparison groups Comparison
comparison  intervention assignment of selection of rate of 80% or equivalent on groups
group data participants participants  more sociodemographics  equivalent
to the for at baseline
intervention  assessment on outcome
measures
Fyfe etal, 2022 Yes Yes Yes Yes Yes Yes Yes NR
[30]
Gelletal, 2022 Yes Yes Yes Yes No Yes Yes Yes
[48]
Guidarellietal, Yes No No Yes Yes Yes NA NR

2022 [31]
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test-retest reliability (R2R), with a 100% completion rate.
The Kneeling push-up test (KPU), used in one study [29],
demonstrated excellent correlations for both interrater
and test-retest reliability (R2R). Additionally, feasibility
results showed a 100% completion rate [29]. The Lateral
bridge test (LB), assessed in one study [32], exhibited a
high validity correlation, an excellent test-retest reli-
ability correlation (R2R), and a 100% completion rate for
feasibility. The Modified push-up test (MPU), used in one
study [32], showed high validity and excellent test-retest
reliability (R2R), along with a 100% completion rate for
feasibility. Similarly, the Plank Test (PT), included in
the same study [32], showed high validity and excellent
test-retest reliability (R2R), with a 100% completion rate
for feasibility. The Wall sit test (WS), used in one study
[27], exhibited a 100% completion rate. Additionally, the
ETUG can also be used to assess muscular strength (for
results, see subsection Balance).

Muscular endurance

Out of the 48 physical fitness tests, 12 can be used to
assess muscular endurance. The most frequently used
test for this purpose was the 30s-STS (for results, see sub-
section Balance). The Shirado-Ito trunk flexor endurance
test (SITFE), featured in one study [29], showed excellent
correlations for interrater and test-retest reliability (R2R).
Additionally, feasibility results indicated a 100% comple-
tion rate [29]. The Sorensen test (SoT), also used in one
study [18], showed acceptable validity and excellent cor-
relations for interrater (R2F) and intrarater (R2R) reli-
ability. Moreover, the 1M-STS, IM-PU, 1M-SU, 30s-AC,
CRT, CU, KPU, MPU and the PT (for results, see subsec-
tion Muscular strength) can be used to assess muscular
endurance.

Coordination

Of the 48 physical fitness tests, eight can be used to assess
coordination. The Finger-tapping test (FT) was featured
in two studies, which found a good to excellent validity
correlation (R2F [21]). For interrater reliability, a mod-
erate to excellent correlation for the R2R condition [21]
and an excellent correlation for the R2F condition [23]
were found. The 9-hole pegboard test (9-PB), assessed in
one study [37], showed a small validity correlation (R2F).
For the Coin rotation task (CR), used in one study [23],
a good to excellent interrater reliability correlation (R2F)
was found. The Finger-nose test (FN), included in one
study [21], demonstrated an excellent validity result (R2F)
and an excellent interrater reliability correlation (R2R).
The Gilboa functional test (GIFT), used in one study [45],
showed low to medium and medium to high validity
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correlations, along with an excellent interrater reliability
correlation (R2R). The Gross motor function measure-88
(GMFM-88), assessed in one study [25], exhibited excel-
lent correlations for both interrater and intrarater relia-
bility (R2R). For the Supine-timed up and go test (S-TUG),
used in one study [37], a medium validity correlation
(R2F) was found. The MABC2 can also be used to assess
coordination (for results, see subsection Balance).

Cardiorespiratory endurance

Out of the 48 physical fitness tests, four can be used to
assess cardiorespiratory endurance. The 6-minute walk
test (6M-WT), featured in three studies, found good and
high validity correlations for the R2F condition [11, 20,
43]. Reliability results showed excellent correlations for
interrater reliability (R2F [20]; R2R [11]), intrarater reli-
ability (R2R [20]), and test-retest reliability (R2R [43]).
Feasibility outcomes showed a 100% completion rate [11].
The 2-minute step test (2M-ST), assessed in two studies,
demonstrated excellent correlations for interrater reli-
ability (R2R [26, 47]) and a good correlation for intrarater
reliability (R2F [47]). The 3-minute step test (3M-ST),
used in one study [17], exhibited a 100% completion rate.
The Chester step test (CST), featured in one study [39],
showed a good interrater reliability correlation (R2F).

Flexibility

Of the 48 physical fitness tests, three can be used to
assess flexibility. The Stand and Reach Test (SAR), used
in one study [47], showed excellent correlations for both
interrater (R2R) and intrarater (R2F) reliability. For the
V-sit and reach test (V-SR), featured in one study [27],
a 100% completion rate was reported. The SRT can also
be used to assess flexibility (for results, see subsection
Balance).

Speed

Out of the 48 physical fitness tests, three can be used to
assess speed. The most frequently used test for this pur-
pose was the 4-meter walk test (4m-WT). This test was
used in six studies, which solely assessed reliability meas-
ures. Results for interrater reliability showed good corre-
lations for the R2F condition [39, 40] and both moderate
[31] and excellent [47] correlations for the R2R condition.
For intrarater reliability, good to excellent correlations
were found (R2F [47]; R2R [31]), whereas test-retest reli-
ability showed a poor correlation (R2F [38]), and relative
reliability demonstrated moderate to good correlations
(R2F [35]). The 5-meter fast-paced walk (5m-FW), fea-
tured in one study [33], showed a moderate correlation
for test-retest reliability (R2R). For the Stair Climb Test
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(SCT), used in one study [33], an excellent correlation for
the test-retest reliability (R2R) was found.

Power

Of the 48 physical fitness tests three can be used to assess
power. The 30s-STS was the most frequently used test
to assess power (for results see subsection Balance) fol-
lowed by the 10XSTS (for results see subsection Muscu-
lar strength). The Standing long jump test (SL]), featured
in one study [37], showed a high validity correlation for
the R2F condition.

Agility
Of the 48 physical fitness tests only the S-TUG was used
to assess agility (for results see subsection Coordination).

Discussion

This systematic review examined the evidence for
remotely delivered physical fitness tests and their valid-
ity, reliability, and feasibility in assessing physical fitness
across all age groups. Our results showed that a sig-
nificant number of physical fitness tests (48) were used
remotely. However, only 13 of them were used in more
than one study. Additionally, less than half of these physi-
cal fitness tests (23) were investigated for their validity,
19 for their feasibility, and 39 for their reliability. These
findings suggest that although most physical fitness tests
demonstrate good reliability, data on their validity is lack-
ing. This gap in validity data should be carefully consid-
ered when using a physical fitness test in a remote setting.
This is in line with the findings of the systematic review
from Heslop et al. (2023) [12], which highlights a lack of
evidence for acceptability, feasibility, and the agreement
between face-to-face and remote methods. Furthermore,
the physical fitness tests did not cover all eleven physi-
cal fitness components. Notably, the components of body
composition, and reaction time were not assessed by any
remotely delivered physical fitness test, and the assess-
ments were unevenly distributed across the other compo-
nents. This lack of representation for body composition
and reaction time is significant, as these dimensions are
essential for understanding broader health risks [51] and
physical capabilities. For instance, reaction time plays a
crucial role in activities requiring quick decision-making
and is a vital component of functional independence and
the prevention for the risk of falling, especially in older
adults [52, 53]. Our results also showed that most stud-
ies (27 of 35) were published since 2020, highlighting the
impact of the Covid-19 pandemic in this field of research.
Regarding the respective target populations our results
show that most studies (25 of 35) investigated sam-
ples with health conditions. Furthermore, only a small
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fraction of studies investigated children and adolescents
(4 of 35) while the majority (17 of 35) investigated adults
60 years and older. Put together, these results reveal the
increasing demand for remotely delivered physical fitness
assessments especially in the field of telerehabilitation for
older adults.

Among the physical fitness components, balance was
the most frequently assessed, followed by muscular
strength and muscular endurance. This focus on bal-
ance, muscular strength, and endurance aligns with the
emphasis of most studies on older adults and individu-
als with health conditions, for whom these fitness com-
ponents are particularly critical for maintaining mobility
and independence [54]. Regarding validity, nearly all
components showed predominantly good measures,
with only a few sporadic poor measures, indicating that
these components can generally be measured validly
in a remote setting. However, the lack of validity meas-
ures for flexibility and speed suggests that these compo-
nents may be more challenging to assess accurately in
remote settings. This gap highlights the need for further
research to develop and validate tests for these less com-
monly assessed components. In terms of reliability, the
measures across all physical fitness components were
predominantly good, which is encouraging for the use of
these tests in both clinical and remote settings. The high
amount of reliability measures of tests for balance, mus-
cular strength, and endurance indicates that these assess-
ments can be consistently reproduced, an essential factor
for their use in ongoing health monitoring. Feasibility,
as a crucial practical consideration, was rated positively
across all physical fitness components. The 100% comple-
tion rates reported for the examined tests demonstrate
their practicality and user-friendliness, even in remote
settings. This high feasibility is particularly important as
the healthcare industry increasingly embraces telehealth
and remote monitoring solutions [55].

Study qualities

The quality assessment of the studies revealed a mixed
picture, suggesting potential biases across the stud-
ies. Of the non-RCTs only 10 studies received a strong
global quality rating, while a substantial portion (17
studies) were rated as moderate, and five studies were
rated as weak. The RCTs on the other hand showed
mainly strong ratings across all the the eight items.
Hereby, the study of Guidarelli et al. (2022) [31] sticks
out since they used already collected data of two RCTs
therefore receiving many weak and moderate ratings.
For the non-RCTs moderate ratings were particularly
prevalent in the components of selection bias and study
design, while the blinding component was frequently
rated as weak. These findings highlight methodological
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challenges, particularly in study design and blinding,
which are critical for ensuring the internal validity of
the studies. Regarding the study design it needs to be
mentioned that most studies of the non-RCTs were
pilot studies testing the remote assessment of physical
fitness, which explains the moderate ratings. Overall,
the study populations were mainly small in numbers
and often recruited from hospitals or healthcare facili-
ties, limiting their general representativeness. This
aspect is discussed by many authors with the implica-
tion that the studies should be reproduced with a larger,
more representative sample. Additionally, for most of
the non-RCTs, it was unclear whether the assessors
and participants were blinded. On the positive side, all
non-RCTs received strong ratings for the data collection
methods component. Additionally, almost all were rated
highly for the withdrawals and drop-outs component.
This point also applies to the RCTs which all reported
a follow-up rate over 80%. In general the physical fit-
ness tests used were valid and reliable leading to strong
ratings. For the non-RCTs, it must be noted that the
strong ratings for the confounders component should
be interpreted with caution, as applying this component
was challenging. As a result, ratings for this component
might vary among different assessors, potentially alter-
ing the global quality ratings of the included non-RCTs.

Implications for practitioners and future research
The findings from this analysis underscore the robust-
ness of commonly used physical fitness tests such as the
30s-STS, TUG, and 5XSTS. These tests have been vali-
dated and shown to be reliable across different settings,
making them valuable tools for assessing physical fitness,
particularly in older adults and individuals with health
conditions. Therefore these tests are particularly useful
in tracking outcomes of home-based exercise programs
for older adults, demonstrating measurable improve-
ments in strength, balance, and mobility [56, 57]. Their
adaptability makes them ideal for telehealth and remote
monitoring, ensuring continuity of care during restricted
mobility periods, such as the COVID-19 pandemic, as
well as for individuals with mobility limitations, while
supporting interventions that promote independence
and reduce fall risk [56, 57]. However, the variability in
the reliability of some tests, particularly those assessing
balance (e.g., the Standing Balance test) or coordination,
suggests that there is room for improvement in standard-
izing these assessments. Therefore, the current research
state for the remote delivery of any physical fitness test
should be thoroughly examined before use.

The underrepresentation of physical fitness tests
that assess coordination, flexibility, cardiorespiratory
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endurance, speed, agility, and power, as well as the
absence of tests for body composition and reaction
time, indicates a gap in the comprehensive assessment
of physical fitness. Given that these components are
crucial for overall physical fitness and can therefore sig-
nificantly impact the quality of life, particularly in older
adults [58, 59], future research should focus on devel-
oping and validating reliable, easy-to-administer remote
tests for these components.

Limitations

To our knowledge, this is the first systematic review that
highlights the evidence on the validity, reliability, and
feasibility of remotely delivered physical fitness tests on
a broad age spectrum. While we believe our systematic
review has its strengths, it also has some limitations that
need to be considered. It is possible that we omitted or
excluded relevant literature during the searching and
screening process. We tried to minimize this error by
using a broad search strategy, involving multiple review-
ers, and conducting a snowball search with the citations
and reference lists of included studies. Moreover, we
excluded only populations younger than one year old in
our review to include as many studies as possible. How-
ever, only four studies investigated children and ado-
lescents, limiting the significance of the results for this
population. Additionally, we excluded studies that used
sensors and apps for data collection, choosing to include
only studies that used a videoconference format for data
collection. This may have led to the exclusion of studies
that remotely assessed cardiovascular endurance, body
composition, agility, and reaction time. Physical fitness
tests for these components are predominantly performed
using devices (e.g., heart rate sensors or body composi-
tion analyzers) in conventional face-to-face settings,
making it highly likely that they were assessed remotely
using similar methods, leading to their exclusion from
this review [60]. This is an important point that should be
highlighted, as the use of fitness apps or wearable sensors
(e.g. smartwatches, fitness trackers, etc.) is already wide-
spread due to the low barriers to use and has enormous
potential for the remote measurement of physical fitness,
both in a clinical setting [61] and in public health. The
geographical distribution of the included studies revealed
an unevenly distribution across the regions of the world.
Therefore, the findings of this review may not be gener-
alizable and applicable worldwide. The majority of stud-
ies were conducted in high-income regions, specifically
Europe, North America, and Australia-Oceania. A few
studies were conducted in South America, Asia and one
in Oceania while no study was realized in Africa. This
can result in a limited understanding of how remotely
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delivered physical fitness tests apply to other populations
with different environmental, technical, cultural, and
socioeconomic conditions. Lastly, because of the hetero-
geneity regarding the study populations, study methods,
and analysis methods in the included studies we did not
perform a meta-analysis.

Conclusion

This systematic review has highlighted the critical need
for selecting appropriate physical fitness tests based on
specific physical fitness components, the setting (remote
or face-to-face), and the target population. The findings
reveal that while tests like the 30s-STS, TUG, and 5XSTS
are generally reliable and feasible, there are inconsist-
encies and gaps in the validity, reliability, and feasibility
of many physical fitness tests, when delivered remotely.
This is particularly notable in the assessment of flexibil-
ity, speed, body composition, agility, and reaction time,
which are often inadequately or not tested at all.

As remote health monitoring expands, it is essential to
develop and validate, reliable, and user-friendly physical
fitness tests that all components of physical fitness can
comprehensively be assessed. Standardization of remote
delivery must be ensured for widespread adoption in
both clinical and research settings. While the current
findings provide a valuable foundation for clinical prac-
tice, further research and refinement are necessary to
optimize these tests for more accurate and comprehen-
sive health monitoring.
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