
Reliability, minimal detectable change, and standard error of measurement 
of functional tests for athletes: A systematic review

Thiago Teixeira Serafim a, Ana Paula Ramos b, Diego Ailton Prudêncio b,c,  
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b Physical Therapy Graduate Program (PPGFT), Santa Catarina State University (UDESC), Florianopolis, Brazil
c Department of Physiotherapy, Santa Catarina State University (UDESC), Florianópolis, Brazil
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A B S T R A C T

Introduction: Functional tests must be validated for the target population. It is also important that the pro
fessionals applying them know which tests are the most reliable. Some tests have a standard error of measure
ment (SEM), which needs to be considered, as does the minimal detectable change (MDC) used to quantitatively 
perceive clinical improvement. It is important to know the psychometric properties of a functional test to 
consider it suitable for its use. This study aims to synthesise values of psychometric properties of functional tests 
in validation studies for athletic or physically active populations.
Methods: This systematic review follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA). The search was performed in PubMed, Web of Science, SportDiscus and Cochrane in June 2025. The 
methodological quality of the included studies was evaluated by the Consensus-based Standards for Health 
Measurement Instruments (COSMIN) Risk of Bias checklist.
Results: The final review included 49 studies. The study samples ranged from 11 to 243, totalling 1713 subjects. 
The mean age of the subjects studied ranged from 16.47 ± 0.51 to 59.40 ± 8.70 years. The reliability values 
verified by ICC ranged from 0.26 to 0.99. SEM and MDC values were delivered in percentages and absolute 
values. All studies evaluated using the COSMIN checklist were classified as “Inadequate.”
Conclusion: Functional tests used to assess athletes generally have good reliability values. However, stand
ardisation in the application is necessary. The training of professionals who administer the tests is essential for 
greater reliability. Furthermore, greater stabilisation of the subject being evaluated is necessary for strength tests 
to reduce compensations during the test.
Level of evidence: I – Systematic review.

1. INTRODUCTION

In the context of health and the sporting environment, individual 
assessment is very important in diagnosing dysfunctions, providing 

direct treatment, supporting development, and serving as criteria for 
returning to sporting activity.1,2 Within these issues, task simulation 
tests are used, thus acting in the most functional way possible.3 These 
functional tests constitute the most complex part of an assessment 
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because they require several skills to complete a given task4 and need to 
be used in the practical environment of physically active individuals and 
athletes to prevent further injuries, direct treatment, and return to sport 
safely.5 The tests must be validated for the target population, minimising 
the chance of errors.6 Furthermore, standardisation among the assess
ment team also needs to be achieved. For example, some authors 
perform warm-ups, but others do not. All these factors need to be 
standardised to increase reliability.7 The quality of information tests 
provides depends, in part, on their psychometric properties.8 Knowing 
the values of these functional test properties guides which test should be 
used in each situation and each individual or group of individuals.9,10

Tests with high-reliability values should be preferred. Furthermore, 
some tests have a standard error of measurement (SEM), and this needs 
to be taken into account,11 as well as minimal detectable change (MDC), 
which is used to quantify perceived clinical improvement.12,13 Once we 
know the values of the psychometric properties of functional tests, we 
know which one should be used to contextualise the results of a given 
individual.10 This study aims to synthesise the values of psychometric 
properties of functional tests in validation studies for athletic or physi
cally active populations.

2. Methods

This systematic review follows the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA).14 The protocol for 
this review was registered in the International Prospective Register of 
Systematic Reviews (PROSPERO), CRD42020177143.

2.1. Search strategy

The search was performed in the PubMed, Web of Science, Sport
Discus and Cochrane databases using the following keywords: Evalua
tion OR Measurement AND Psychometrics OR Reliability AND Sports 
OR Athlete AND Strength OR Mobility OR “Range of Motion” OR Bal
ance OR Function NOT Child OR “Youth Sports” OR Questionnaire. The 
search was performed in June 2025. The process of selecting studies was 
conducted independently by two researchers (TTS and APR). If there 
was disagreement, a third reviewer (RO) with experience in systematic 
reviews was consulted for the final decision.

2.2. Eligibility criteria and selection of studies

Studies were deemed eligible according to the PICOS criteria 
(Table 1). We included in this systematic review only articles which 
validated the psychometric proprieties of tests using reliability, standard 
error of measurement (SEM) or minimal detectable change (MDC) – with 
outcomes of balance, strength, range of motion and agility in athletes or 
physically active adult individuals (>16 years old). Articles published in 
English were included without time limits. Articles were excluded if 
their population was compared to individuals younger than 16 years old, 
sedentary, and with neurological or cardiorespiratory disorders. Studies 
that evaluated the psychometric properties of questionnaires, cardiore
spiratory and neurological tests, clinical tests, video analysis, kinematic 

analysis, smartphone use or sport-specific technical tests were also 
excluded.

2.3. Quality of studies

The methodological quality of the included studies was evaluated 
using the Consensus-based Standards for Health Measurement In
struments (COSMIN) Risk of Bias checklist, which consists of a tool from 
the COSMIN to classify the methodological quality of studies on the 
properties of measures of patient-reported outcome measures 
(PROMs).15 The checklist consists of 10 boxes. Boxes 1 and 2 refer to 
content validity. Boxes 3 to 5 refer to structural validity, internal con
sistency (IC), and transcultural validity. Together, these boxes form the 
internal structure. Boxes 6–10 form the properties of remaining mea
surements: reliability, measurement error, criterion validity, hypothesis 
test for construct validity, and responsiveness.15,16 The boxes consist of 
items which evaluate the measured property. Each item can be classified 
as (1) Very good, (2) Adequate, (3) Doubtful, (4) Inadequate, or (5) Not 
applicable (NA). The final score of each box is determined by the lower 
option of the classified items.15 For this study, we used cross-cultural 
validity, reliability, and measurement (boxes 5, 6 and 7) for analysis.

3. Results

3.1. Literature search

A total of 6.197 articles were identified. After duplicate exclusion 
and title reading, 458 articles were selected for the abstract. After this 
step, the other 376 were excluded, with 82 left for a full reading. Finally, 
49 studies were part of the final review (Fig. 1).

3.2. Study characteristics

The study sample ranged from 1117 to 243,18 totalling 1713 subjects. 
The mean age of the studies ranged from 16.47 ± 0.5119 to 59.40 ± 8.70 
years.20 Two studies evaluated individuals with an injury or history of 
injuries.21,22 Most studies were on physically active individuals. The 
results were also analysed for professional, semi-professional, and uni
versity athletes. Although all the studies involved sports, only 15 veri
fied the weekly training frequency. Most studies evaluated the lower 
limbs, and some evaluated the upper limbs. Few studies evaluated the 
full body or different segments. Most of the studies evaluated muscular 
strength or endurance, and some studies also evaluated balance, flexi
bility, agility and reaction time. The reliability values verified by ICC 
ranged from 0.2623 to 0.99.17,19,24–26 SEM and MDC values were 
delivered in percentages and absolute values (Table 2).

3.3. Quality of studies

All studies evaluated by the COSMIN checklist were ultimately 
classified as “Inadequate”. The main flaws were found in items 5.3, 7.5 
and 6.5. The items with the best ratings (Very good) were 6.2, 7.2, and 
7.4. All studies were classified as “Inadequate” by box 5, 17 studies were 
classified as “Adequate” by box 6,19,27–42 and six studies were 
“Adequate” in box 7.33,34,36,37,41,43 The final results are shown in 
Table 3.

4. Discussion

The main findings of the present systematic review remark on the 
relevance of the psychometric properties of functional tests. The reli
ability value in a functional test represents how well this test can be 
replicated. Its value is represented by the ICC and ranges from 0 to 1. The 
closer to 1, the higher the reliability value. Portney and Watkins suggest 
that values below 0.5 are classified as poor, from 0.5 to 0.75 as mod
erate, from 0.75 to 0.9 as good, and greater than 0.9 as excellent 

Table 1 
PI(E)COS framework.

Criteria Inclusion Exclusion

Population Physically active 
adults or athletes

<16 years old or sedentary adults

Intervention 
(Exposition)

Functional test Questionnaire, Specific sports modality 
test

Comparison Other tests –
Outcome Reliability –
Study Validation Systematic review, Randomized 

clinical trial, Editorial, Case study, 
Correlation
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reliability.44 The core stability assessment carried out by Vera-Garcia 
et al. had the lowest reliability value.23 Five tests were evaluated, and 
none of them presented excellent results. Most are classified as moder
ate, and several as poor. This difference may have occurred because of 
the long time lag between assessments, namely one month. Lee and 
Granata verified trunk stability but reported higher ICC values with an 
interval between one-week sessions.45 It is difficult to assess the strength 
of the core muscles given the number of muscles involved.46 The resis
tance of these muscles is often assessed in exercises that involve many 
joints or a predominance of muscles that are often not part of the core, 
such as the hamstrings.46,47 In other cases, balance is tested, a factor that 
is also influenced by other muscle groups of the lower limbs, in addition 
to the individual’s visual field, mobility and level of attention.48

Strength assessment is very well structured using the isokinetic dyna
mometer.1 A recent systematic review found ICC reliability values above 
0.70 to assess shoulder strength.2 Overall, the reliability values in the 
studies found were also well evaluated,3–5 except in two studies.6

Impellizzeri et al. showed low reliability in assessing symmetry between 
limbs.7 Muller et al. found low-reliability values for assessing lower 
limbs, especially in the ankle joint. Low values were also found in the 
multi-joint assessment of the lower limbs, which can be explained by the 
greater capacity for movement coordination.6

In many settings, isokinetic dynamometry is unfeasible given the 
high cost of the device, and a lower-cost alternative should be 

considered.8 Manual dynamometry is a widely used example to assess 
isometric strength in research and clinical settings; differently, iso
kinetic dynamometry assesses concentric and eccentric strength at 
different angular velocities. The manual dynamometry demonstrated 
good reliability.9–12 The great difficulty of the manual dynamometer is 
the standardisation of its position and even the force imposed, in some 
instances, by the evaluator to resist the movement.13 To minimise 
external influence, the manual dynamometer should be fixed14,15 so 
there is no dependence on the strength of the evaluator. Van der Made 
et al.49 found good results when evaluating hamstring strength. Almeida 
et al.50 evaluated external rotation strength in the lateral position and 
found high-reliability values. Both are carried out in a way where the 
manual dynamometer is fixed, and the individual evaluated remains in a 
stable position. The more stable the individual is during the assessment, 
the greater reliability.14 Mccall et al.42 also evaluated hamstring 
strength by isometric contraction in the bridge position, a cheap and 
easy-to-apply test with results equivalent to equipment such as a 
hand-held dynamometer or other more complex ones.34 The test is very 
similar to the single-leg bridge test carried out with football players but 
with differences in the type of contraction and positioning of the sub
ject.51 This test does not completely isolate the hamstring muscle, but it 
evaluates a multi-joint movement that is highly functional for sport. 
Strength assessment using the RM method has good and excellent reli
ability values,37 but carrying out the method is difficult when there are 

Fig. 1. Flowchart of the literature search.
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Table 2 
Studies generalities.

Author and 
year

Participants Female Mean age Sport level Train 
for 
week

Disfunction Test Local Test-retest reliability SEM MDC

Almeida et al., 
2017

49 49 21.4 ± 3.4 Amateur/ 
Physically 
active

– Patellofemoral 
pain syndrome

Hip Stability Isometric Test Lower 
limb

0.98 – –

Ashall et al., 
2021

19 – 26.0 ± 5.0 Semi- 
professional

– No Hand-held dynamometer Neck 0.72–0.89 – –

Ashworth 
et al., 2018

18 0 22.4 ± 4.6 Professional – No Y-Test, I-Test, T-Test with 
Hand-Held Dynamometry

Upper 
limb

0.94–0.96 4.8–10.8 % 10.7–20.1 %

Ayala et al., 
2012.1

50 0 21.3 ± 2.5 Amateur/ 
Physically 
active

3–4x/ 
week

No Vertical (V-HJA) and 
Horizontal Hip joint angle (H- 
HJA); Passive straight-leg raise 
test (PSLR)

Lower 
limb

H-HJA: 0.93; V-HJA: 0.92; 
PSLR: 0.88

– –

Ayala et al., 
2012.2

243 87 21.0 ± 2.1 Professional 3–5/ 
week

No Sit-and-reach test (SRT), toe 
touch test (TT), Passive 
straight leg raise test (PSLRT)

Lower 
limb

SRT: 0.92; TT: 0.89; PSLRT: 
0.85

SRT: 8.74 %; TT: 9.86 %; 
PSLRT: 5.46 %

–

Bampouras 
et al., 2014

46 10 23.3 ± 6.8 Amateur/ 
Physically 
active

2–3x/ 
week

No Concept2 Dyno Lower 
and 
upper 
limb

0.89–0.98 – –

Bazett-Jones 
and Squier 
2020

30 16 21.5 ± 2.4 Amateur/ 
Physically 
active

3x/ 
week

No Hand-held dynamometry Lower 
limb

0.62–0.90 10.3–30.6 % 10.9–89.6 %

Beato et al., 
2021

20 0 23.0 ± 3.0 University 
athletes

>2x/ 
week

No Flywheel squat test Lower 
limb

0.94–0.95 – 55–61W

Burnham 
et al., 1995

20 0 18.9 ± 1.0 Semi- 
professional

– No Hand-Held Dynamometry Upper 
limb

0.55–0.81 – –

Cahanin et al., 
2021

25 11 23.1 ± 2.2 Amateur/ 
Physically 
active

– No Butterfly Agility Test Lower 
limb

0.94 0.75s 2.08s

Chtara et al., 
2020

39 18 20.8 ± 3.0 Professional – No Specific Fencing Change of 
Direction Test

Lower 
limb

0.97 0.38 % 0.08 %

Clark et al., 
2019

13 7 25.6 ± 5.5 Amateur/ 
Physically 
active*

>1x/ 
week

No 1RM Leg Press; 1RM Knee 
Flexion; 1RM Knee Extension

Lower 
limb

1RM Leg Press: 0.94–0.98; 
1RM Knee Flexion: 
0.75–0.95; 1RM Knee 
Extension: 0.78 - 0.87

1RM Leg Press: 7.2–14.3 
%; 1RM Knee Flexion: 
1.9–4.9 %; 1RM Knee 
Extension: 3.4–4.4 %

–

Corcelle et al., 
2022

13 0 20.7 ± 1.6 Amateur/ 
Physically 
active

– No Maximal voluntary isometric 
contraction and Eccentric force 
of hamstring

Lower 
limbr

0.92–0.98 3.9–6.1 –

Cramer et al., 
2017

20 8 29.2 ± 4.9 Amateur/ 
Physically 
active

– No mUQYBT Upper 
limb

0.98–0.99 0.2 cm –

Decleve et al., 
2020

30 14 20.0 ± 1.7 Amateur/ 
Physically 
active

5x/ 
week

No Shoulder Endurance Test Upper 
limb

0.78–0.93 10.7–16.4s 29.6–45.6s

Dirnberger 
et al., 2013

41 0 24.4 ± 3.1 Amateur/ 
Physically 
active

2–3x/ 
week

No Isokinetic knee extension and 
flexion

Lower 
limb

0.82–0.97 – –

Evans et al., 
2007

79 47 21.2 ± 2.3 Professional – No Side bridge endurance test 
(SBET); trunk flexor endurance 
tests (TFET)

Trunk 0.81–0.95 – –

Fuller et al., 
2022

52 0 16.5 ± 0.9 University 
athletes

– No Neck strength test Neck 0.82–0.95 10.7–23.7N 41.9–90.9N

(continued on next page)
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Table 2 (continued )

Author and 
year 

Participants Female Mean age Sport level Train 
for 
week 

Disfunction Test Local Test-retest reliability SEM MDC

Garcia et al., 
2023

16 0 29.5 ± 7.3 Amateur/ 
Physically 
active

– No Portable Traction 
Dynamometer

Lowe 
limb

0.91–0.93 13.01–17.29Nm 36.05–47.94Nm

Hadzic et al., 
2012

21 12 26.2 ± 2.8 Amateur/ 
Physically 
active

– No Isokinetic strength test of 
shoulder internal and external 
rotators

Upper 
limb

0.80–0.94 6–9.9 % –

Hartog et al., 
2021

22 11 59.4 ± 8.7 Amateur/ 
Physically 
active

3x/ 
week

No Q-Force ӀI Lower 
limb

0.97 9.2–30.4 % 25.5–84.1 %

Hassen et al., 
2022

36 16 20.1 ± 3.1 Professional – No Specific karate agility test Full 
body

0.98 1.5 % 4.18 %

Impellizzeri 
et al., 2008

18 0 23.0 ± 3.0 Amateur/ 
Physically 
active

– No Cybex NORM dynamometer 
for knee

Lower 
limb

0.29–0.87 3.2–8.7 % 8.9–24.2 %

Kambic et al., 
2020

19 6 24.0 ± 3.0 Amateur/ 
Physically 
active

– No SMM isokinetic dynamometer 
for quadriceps and hamstring

Lower 
Limb

0.89–0.98 2.54–6.93 % 7.04–19.22 %

Lodge et al., 
2020

26 0 21.2 ± 2.0 University 
athletes

– No Hamstring Solo Elite Lowe 
limb

0.91 14.29–14.65 N 39.63–40.62N

Lum and Aziz 
2020

30 0 26.0 ± 4.0 Professional – No Isometric prone bench pull Upper 
limbr

0.88–0.98 23.5–932.5N –

McCall et al., 
2015

29 0 19.6 ± 3.5 Professional – No Isometric posterior lower limb 
strength

Lower 
limb

0.86–0.95 – 26.2–36.9 N

Miralles- 
Iborra et al., 
2023

19 0 19.0 ± 1.0 Semi- 
professional

– No Isometric hamstring and 
quadriceps strength

Lower 
limb

0.80–0.90 9.1–13.5N 64–94N

Muller et al., 
2007

29 0 33.8 ± 7.2 Amateur/ 
Physically 
active

3x/ 
week

Chronic tendon 
injuries

Lower limb Dynamometer 
system

Lower 
limb

0.27–0.92 5.28–16.39 % –

O’Connor 
et al., 
2016.1

15 0 19.4 ± 0.6 Amateur/ 
Physically 
active

– No Alternative trunk stability push 
up test

Upper 
limb

0.73–0.97 – –

O’Connor 
et al., 
2023.2

50 0 23.1 ± 4.8 Amateur/ 
Physically 
active

– No Hip adduction and abduction 
strength by 
sphygmomanometer and 
ForceFrame

Lower 
limb

0.70–0.92 4.3–13.7 % 12.1–37.9 %

Padulo et al., 
2020

19 0 16.5 ± 0.5 Semi- 
professional

– No Portable dynamometer for 
quadriceps and hamstring

Lower 
limbr

0.87–0.99 – –

Pojskic et al., 
2019

47 14 20.2 ± 1.9 Professional 3x/ 
week

No Response time test Upper 
limb

0.31–0.97 24.4–65.6 ms –

Pruyn et al., 
2016

50 50 23.5 ± 2.9 Semi- 
professional

– No Vertical hop test Lower 
limb

0.60–0.79 10.6–14.2 % –

Rhodes et al., 
2022

30 0 22.8 ± 5.0 University 
athletes

– No Isometric Soleus Strength Test Lower 
limb

0.79–0.89 9.09–12.47 % 25.19–34.56 %

Riemann et al., 
2021

35 16 24.5 ± 4.0 Amateur/ 
Physically 
active

– No Isokinetic Knee Dynamometer 
System for knee

Lower 
limbr

0.85–0.97 3–17.5Nm –

Romero- 
Franco 
et al., 2016

11 4 27.9 ± 1.2 Amateur/ 
Physically 
active

3x/ 
week

No Isometric strength lower limb 
with digital isokinetic 
dynamometer

Lower 
limb

0.76–0.99 3.9–11.9N ​

Rosen et al., 
2023

49 16 22.7 ± 3.4 Amateur/ 
Physically 
active

– No Choice-reaction hop test Lower 
limbr

0.84–0.88 0.92–1.10s 2.6–3.0s

(continued on next page)
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Table 2 (continued )

Author and 
year 

Participants Female Mean age Sport level Train 
for 
week 

Disfunction Test Local Test-retest reliability SEM MDC

Ruschel et al., 
2015

31 15 23.0 ± 4.0 Amateur/ 
Physically 
active

– No Isometric knee strength Lower 
limb

0.75–0.94 11.7–18.1N 32.5–50.1N

Sánchez- 
Sánchez 
et al., 2021

19 0 21.0 ± 4.0 Semi- 
professional

4x/ 
week

No Swing eccentric hamstring Lower 
limbr

0.83–0.94 11.07–35.76 cm/s ​

Sassi et al., 
2009

86 34 22.5 ± 1.5 Amateur/ 
Physically 
active

– No Modified agility T-test (MAT) Lower 
limb

0.92–0.95 – –

Scott et al., 
2022

av41 – 23.0 ± 3.5 Professional – No Sub-maximal fitness test Full 
body

0.80–0.94 3.3–3.5 % ​

Tassignon 
et al., 2020

21 – 22.0 ± 1.0 Amateur/ 
Physically 
active

– No Reactive balance test Lower 
limb

0.74–0.99 14.32–69.81 ms 39.69–193.51 
ms

Thorborg 
et al., 2013

21 6 30. ± 8.6 Amateur/ 
Physically 
active

– No Isometric strength knee and 
hip

Lower 
limb

0.76–0.95 5–11 % 14–29 %

Van Bergen 
et al., 2023

22 0 28.5 ± 8.6 Professional – No Functional Grip Strength Upper 
limb

0.88–0.99 2.23–5.86 Kg –

Velarde-Sotres 
et al., 2021

25 0 21.3 ± 2.4 Amateur/ 
Physically 
active

– No OctoBalance Test Upper 
limb

0.73–0.97 – –

Vera-Garcia 
et al., 2019

33 0 24.1 ± 2.9 Amateur/ 
Physically 
active

1–3x/ 
week

No Three Plane Core Strength 
Test; Double-leg Lowering Test 
(DLLT); Biering-Sorensen Test 
(BST)

Trunk TPCST: 0.26–0.29; DLLT: 
0.55; BST: 0.81

– –

Wollin et al., 
2015

16 0 16.8 ± 0.5 Professional – No Hamstring strength test Lower 
limb

0.86–0.87 5–20.6 % 12.9–14 %

Yildiz et al., 
2007

20 0 21.1 ± 1.8 Amateur/ 
Physically 
active

1–2x/ 
week

No Ankle Isokinetic strength; one 
leg standing test; Single, triple, 
cross-over and 6 m hop test

Lower 
limb

Ankle Isokinetic strength: 
0.86–0.89; one leg standing 
test: 0.92; Single course: 0.91; 
single distence: 0.97; triple: 
0.98; cross-over: 0.89 and 6 
m: 0.91

– –
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problems in identifying the maximum load.52 As a result, studies esti
mate MR through a calculation performed after finding a submaximal 
load.53,54 This can optimise time and help injured individuals not to use 
high loads.

The Response Time Test for Agility-Based Sports evaluated by Pojskic 
et al.55 showed low results. The test has many variations, and few have 
exhibited poor results. What is discussed in the test is the ability to verify 
truly detectable changes, given that only a few seconds separate the 
stimulus from the response. The stimulus occurs by LED light, a factor 
that does not favour a high external validity.56 The Illinois Agility Test 
on male football players showed more reliable values,57 as did the MAT 
and agility tests.58,59 However, it is important to take into account the 
specificity of the sport when deciding on which test to use.60 Flodström 
et al.61 evaluated a battery of nine functional tests within the Functional 
Movement Screen (FMS). This has very questionable reliability values, 
given the high subjectivity and classification of the tests, and this failure 

is very clear from the reliability values found. The assessment is carried 
out to check the quality of movement and neuromuscular control. Other 
functional tests that evaluate neuromuscular control, whether for lower 
or upper limbs, have higher reliability values. Tests for upper limbs 
(mUQYBT and CKCUEST) and lower limbs (Lateral Step Down, Leap and 
Catch; Single, triple, crossover, square and Timed hop test) have 
excellent reliability values24,62 and range from moderate to excel
lent,63,64 respectively. Pruyn et al.65 found lower reliability values for 
the vertical hop test. This can be explained by the study using test-to-test 
ground reaction force equipment, not checking jump height. This meant 
the tests were carried out barefoot, which is not recommended for the 
hop test procedure.66,67

SEM represents the estimated error of some functional tests and is 
directly related to the reliability and MDC values. The standard error 
will be smaller when sample means are clustered closer to the popula
tion mean.68 MDC is a psychometric property with a strong clinical and 
performance relationship. From this, we can determine the minimum 
value to be achieved in a re-test so that the individual or another person 
can notice improvement in the clinical status or training routine.69

Not all studies included these analyses. Additionally, the verified 
unit of measurement is an important component to consider. Interest
ingly, many studies include percentage values, which can better repre
sent proportionally, especially when considering clinical 
improvement.16 This is because some individuals will have low and 
others high test results, and considering an absolute value may have 
different representations for these same individuals.

The main factor that caused the studies to be classified as “Inade
quate” was the small sample size. Although the COSMIN checklist is 
more specific for questionnaires and scales, this item is important so that 
values for the population can be considered. The study with the largest 
number included 243 subjects,17 but more than one test was performed, 
making this sample inadequate. Sample calculation was also not per
formed in the studies, which is a major flaw in their design. To ensure 
that reliability is accurately assessed, the sample size requirement for 
statistical analyses must be considered.70,71 Characterisation of the 
sample in greater detail also rarely occurred. Few studies have divided 
the results by sex, limb dominance, or sporting demand.72 However, 
with very small samples, such categorisation becomes more difficult. 
Furthermore, few studies presented other tests and analysed agreement 
or correlation with the results. This is an important factor to verify 
whether the test is being carried out effectively for this population.73

One of the great difficulties of science, especially linked to scales and 
tests, is replicating its methods to reduce errors.74 Hence, solid methods 
are important in constructing validation and reliability studies. In this 
way, the risk of bias is reduced, and the external validity of the results 
for the population in question can be increased.72,75

This study presented only reported on three psychometric properties. 
However, external validity, that is, in the practical environment, is the 
most relevant for health professionals. The quality of the studies was not 
high. Unfortunately, no study achieved a result better than “Inadequate” 
on the Cosmin checklist. This demonstrates the need for better methods 
to find values of psychometric properties of functional tests aimed at the 
sports environment. Nevertheless, this is a broad study and a general 
review that can contribute to professionals needing functional tests and 
minimising subjectivity but still having doubts about which one to use.

The results presented in this systematic review make it easier for 
health professionals to evaluate their patients in the best possible way, 
and they can choose the best test to perform. Based on a well-performed 
assessment, the professional can determine the best treatment and re- 
evaluate with the same test. Furthermore, during the re-evaluation, 
the MDC helps determine the effectiveness of the treatment or pro
gram for a given variable.

According to the COSMIN checklist, this study has some limitations, 
such as the low quality of the validations presented. Furthermore, the 
heterogeneity in study design and methods made no possible to perform 
a formal meta-analysis. The ultimate objective of the present 

Table 3 
Quality of the included studies.

Author and year Box 5 Box 6 Box 7 Final

Almeida et al., 2017 Inadequate Doubtful Inadequate Inadequate
Ashall et al., 2021 Inadequate Doubtful Inadequate Inadequate
Ashworth et al., 2018 Inadequate Doubtful Doubtful Inadequate
Ayala et al., 2012.1 Inadequate Adequate Inadequate Inadequate
Ayala et al., 2012.2 Inadequate Inadequate Inadequate Inadequate
Bampouras et al., 2014 Inadequate Inadequate Inadequate Inadequate
Bazett-Jones and Squier 

2020
Inadequate Inadequate Inadequate Inadequate

Beato et al., 2021 Inadequate Adequate Inadequate Inadequate
Burnham et al., 1995 Inadequate Inadequate Inadequate Inadequate
Cahanin et al., 2021 Inadequate Inadequate Inadequate Inadequate
Chtara et al., 2020 Inadequate Adequate Adequate Inadequate
Clark et al., 2019 Inadequate Adequate Adequate Inadequate
Corcelle et al., 2022 Inadequate Inadequate Inadequate Inadequate
Cramer et al., 2017 Inadequate Inadequate Inadequate Inadequate
Decleve et al., 2020 Inadequate Inadequate Inadequate Inadequate
Dirnberger et al., 2013 Inadequate Adequate Adequate Inadequate
Evans et al., 2007 Inadequate Adequate Inadequate Inadequate
Fuller et al., 2022 Inadequate Doubtful Inadequate Inadequate
Garcia et al., 2023 Inadequate Inadequate Inadequate Inadequate
Hadzic et al., 2012 Inadequate Adequate Inadequate Inadequate
Hartog et al., 2021 Inadequate Doubtful Doubtful Inadequate
Hassen et al., 2022 Inadequate Adequate Adequate Inadequate
Impellizzeri et al., 2008 Inadequate Doubtful Doubtful Inadequate
Kambic et al., 2020 Inadequate Inadequate Inadequate Inadequate
Lodge et al., 2020 Inadequate Doubtful Doubtful Inadequate
Lum and Aziz 2020 Inadequate Inadequate Inadequate Inadequate
McCall et al., 2015 Inadequate Adequate Inadequate Inadequate
Miralles-Iborra et al., 

2023
Inadequate Adequate Inadequate Inadequate

Muller et al., 2007 Inadequate Doubtful Doubtful Inadequate
O’Connor et al., 2016 Inadequate Adequate Inadequate Inadequate
O’Connor et al., 2023 Inadequate Adequate Doubtful Inadequate
Padulo et al., 2020 Inadequate Adequate Inadequate Inadequate
Pojskic et al., 2019 Inadequate Doubtful Doubtful Inadequate
Pruyn et al., 2016 Inadequate Inadequate Inadequate Inadequate
Rhodes et al., 2022 Inadequate Doubtful Doubtful Inadequate
Riemann et al., 2016 Inadequate Adequate Inadequate Inadequate
Romero-Franco et al., 

2016
Inadequate Adequate Inadequate Inadequate

Rosen et al., 2023 Inadequate Adequate Doubtful Inadequate
Ruschel et al., 2015 Inadequate Doubtful Inadequate Inadequate
Sánchez-Sánchez et al., 

2021
Inadequate Inadequate Inadequate Inadequate

Sassi et al., 2009 Inadequate Inadequate Inadequate Inadequate
Scott et al., 2022 Inadequate Adequate Adequate Inadequate
Tassignon et al., 2020 Inadequate Inadequate Inadequate Inadequate
Thorborg et al., 2013 Inadequate Doubtful Inadequate Inadequate
Van Bergen et al., 2023 Inadequate Inadequate Inadequate Inadequate
Velarde-Sotres et al., 

2021
Inadequate Doubtful Inadequate Inadequate

Vera-Garcia et al., 2019 Inadequate Doubtful Inadequate Inadequate
Wollin et al., 2015 Inadequate Adequate Adequate Inadequate
Yildiz et al., 2007 Inadequate Inadequate Inadequate Inadequate
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investigation was to facilitate clinicians’ search for a test that is reliable 
for their practical environment. The results obtained should point the 
healthcare professionals in the right direction.

5. Conclusions

Functional tests used to assess athletes generally have good reli
ability values. However, standardisation in the application is necessary. 
The training of professionals who administer the tests is essential for 
greater reliability. Furthermore, greater stabilisation of the subject 
being evaluated is necessary for strength tests to reduce compensations 
during the test.
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38. Dirnberger J, Huber C, Hoop D, Kösters A, Müller E. Reproducibility of concentric 
and eccentric isokinetic multi-joint leg extension measurements using the IsoMed 
2000-system. Isokinet Exerc Sci. 2013;21:195–202.

39. Evans K, Refshauge KM, Adams R. Trunk muscle endurance tests: reliability, and 
gender differences in athletes. J Sci Med Sport. 2007;10:447–455.

40. Hadzic V, Ursej E, Kalc M, Dervisevic E. Reproducibility of Shoulder Short Range of 
Motion in Isokinetic and Isometric Strength Testing. 2012. https://doi.org/10.1016/j. 
jesf.2012.10.005.

41. Ben Hassen S, Negra Y, Uthoff A, Chtara M, Jarraya M. Reliability, validity, and 
sensitivity of a specific agility test and its relationship with physical fitness in karate 
athletes. Front Physiol. 2022;13, 841498. https://doi.org/10.3389/ 
FPHYS.2022.841498.

42. McCall A, Nedelec M, Carling C, Le Gall F, Berthoin S, Dupont G. Reliability and 
sensitivity of a simple isometric posterior lower limb muscle test in professional 
football players. J Sports Sci. 2015;33:1298–1304.
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