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ABSTRACT 

 

The main purpose of this systematic literature review was to analyse and compare 
the absolute reliability of the most common isokinetic indexes used in clinical and 
sporting contexts for estimating the muscle function of the knee flexion and extension 
movements (peak torque [PT], angle of peak torque [A-PT], average power [AP] and 
total work [TW]). A total of 20 research studies were analysed after meeting all the 
inclusion criteria previously established. The results show that the isokinetic indexes 
PT, PM and TW appear to present moderate absolute reliability scores, while the 
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results for the A-PT are contradictory. More research studies are necessary that 
analyse the absolute reliability of the most common isokinetic indexes, specially of 
the A-PT, throughout testing procedures that use high angular velocities, eccentric 
movements and different testing positions (seated, lying prone and lying supine).  

 

KEY WORDS: peak torque, inter-session variability, reproducibility, measurement 
error, isokinetic assessment 

 

RESUMEN 

 

El objetivo principal de esta revisión de la literatura fue analizar y comparar la 
fiabilidad absoluta de los índices isocinéticos más empleados en el ámbito clínico y 
deportivo para la estimación de la función muscular de los movimientos de flexión y 
extensión de rodilla (momento de fuerza máxima [PFM], ángulo de fuerza máxima 
[A-PFM], potencia media [PM] y trabajo total [TrT]). Un total de 20 estudios 
científicos fueron analizados tras cumplir con todos los criterios de inclusión 
previamente establecidos. Los resultados muestran que los índices isocinéticos 
PFM, PM y TrT parecen presentar una moderada fiabilidad absoluta, mientras que 
son contradictorios los valores obtenidos para el índice A-PFM. Son necesarios más 
estudios científicos que analicen la fiabilidad absoluta de los principales índices 
isocinéticos, especialmente el índice A-PFM, a través de procedimientos 
exploratorios que empleen velocidades angulares altas, movimientos excéntricos y 
diferentes posiciones de evaluación (sedentación, decúbito prono y decúbito supino).  

 

PALABRAS CLAVE: peak torque, variabilidad inter-sesión, reproducibilidad, error 
de la medida, evaluación isocinética. 

 

 

1. INTRODUCTION 

 

In the field of sports medicine and, in particular, in the field of physical and sports 
rehabilitation, it is very important and requested to have accurate assessment tests 
to measure the muscle function in order to evaluate the impact of any therapeutic 
intervention and/or the effect of a training program (Maffiuletti, Bizzini, Desbrosses, 
Babault & Munzinge, 2007). 

 

With this aim, by the end of 1960, several studies started recommending and using 
isokinetic dynamometer devices (Hislop & Perrine, 1967; Moffroid, Whipple, Hofkosh, 
Lowman & Thistle, 1969; Thistle, Hislop, Moffroid & Lowman, 1967). For over three 
decades they have been considered instruments for standard research or as a 
criterion to study an isolated muscle group function and, in particular, the muscles in 
the leg (Brown, 2000; Maffiuletti et al., 2007). 

 

However, the accuracy of isokinetic devices to evaluate muscle function has been 
approved by clinicians and scientists under theoretic and empirical knowledge, and, 
to a lesser extent, under the scientific evidence regarding their degree of validity and 
reliability. Among the great variety of isokinetic strength parameters described within 
the scientific literature, the peak torque (PT), the angle peak torque (APT), the 
average power (AP) and the total work (TW) are the most used to evaluate and 
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monitor changes in the muscle function during processes of rehabilitation and/or 
physical training (Brown, 2000; Yong-Hao Pua, Bryant, Steele, Newton & Wrigley, 
2008). 

 

The validity of a measuring instrument may be defined as the degree of accuracy or 
correlation by which their scores can predict any criterion variable that was chosen 
previously (gold standard) (Hopkins, 2000). In this context, the scientific literature 
suggests that the isokinetic strength parameters previously mentioned (mainly PT 
and AP), measured by knee flexion and extension movements, have moderate 
degree of correlation to categorize athletes according to their level of performance in 
several actions such as the following: (a) vertical jump (Ashley & Weiss, 1994); (b) 
race (Anderson, Gieck, Perrin, Weltman, Rutt & Denegar, 1991); (c) anaerobic 
capacity (Brown, Whitehurst & Buchalter, 1994); and (d) muscular endurance 
(Haymes & Dickinson, 1980). At the same time, isokinetic strength parameters seem 
to have enough sensitivity to differentiate between people with different levels of 
performance or between roles in team sports (Brown & Wilkinson, 1983; Wrigley, 
2000; Yong-Hao et al., 2008). 

 

On the other hand, the concept of reliability refers to the consistency or repeatability 
of a measure, that is, if the application of an assessment tool reports consistently the 
same results under the same conditions. In this sense, the most accurate reliability 
assessment of an instrument or assement procedure is determined when several 
tests take place in the short term (internal consistency or relative reliability) and for 
moderate periods of time (absolute stability or reliability), using the traditional test-
retest design (Baumgarter, 1989; Hopkins, 2000).  

 

In a practical way, the absolute reliability analysis (measurement reproducibility) 
presents more interest due to the fact that it will allow the assessment of “real 
efficacy” (beyond the measurement error due to technical or biological variation) of 
intervention programs in muscle function level of patients and athletes (Hopkins, 
2000). As such, another important use of absolute reliability is the possibility of 
comparing between different isokinetic devices and even clinicians and researchers 
could use this information to determine the size of their study samples. 

 

However, as far as the level of absolute reliability of PT, APT, AP and TW isokinetic 
strength parameters is concerned, there are few scientific studies about it and their 
results are usually controverted (Dvir, 2004). 

 

It is important to make a critical and exhaustive analysis of the scientific literature 
which allows the identification of the level of absolute reliability of PT, APT, AP and 
TW isokinetic strength parameters. These data will allow the assessment of whether 
an increment in the results obtained compared to the initial baseline values after the 
application of intervention programs reflect a real change or, on the contrary, they are 
related to the measurement error. 

 

Therefore, the main aim of this literature review was to analyse and compare the 
absolute reliability of the isokinetic strength parameters most used in the medical and 
sports field in order to estimate muscle function of knee flexion and extension 
movements. 
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2. METHOD 
 
2.1. Inclusion criteria 

 

The mandatory inclusion criteria established were the following: (a) original articles, 
doctoral thesis, short communications and abstracts with a link to the full text (free 
and under registration); (b) written in English, Portuguese or Spanish; (c) must be 
controlled clinical trial with pre-test and post-test designs which aims were to analyse 
and/or compare the reliability of PT, APT, AP and TW isokinetic strength parameters 
obtained under knee flexion and extension movements; (d) made with asymptomatic 
men and women of all ages and fitness conditions (sedentary people, physically 
active people, high level athletes); and (e) present an detailed description of their 
measurement procedures. 

 

2.2.  Search strategy 

 

Articles were taken from the most important online databases in the sports and 
science field, such as Medline, Cochrane Library, ENFISPO, SportsDiscus, Lilacs 
Teseo, OVID, together with the meta search Google. The key words used were the 
following: isokinetic test, peak torque, angle of peak torque, total work, average 
power, pre-test and post-test, reproducibility, absolute reliability, knee flexion, knee 
extension, measurement error, variability (table 1). 

 

The term “isokinetic test” was always used as a search criterion, so that in several 
bibliographic searches it was always used in the searching fields while the others 
were subordinated preceded by the word “and” plus one of the terms mentioned 
above. There was no limitation regarding the year of publication of the studies. The 
search ended on February 2011. 

 
Table 1: Data bases and searching strategies followed. 

 

Data base 

 

 Seaching strategies 

PubMed 

SportsDiscus 

OVID 

Cochrane Library 

Lilacs Teseo 

Google 

- Isokinetic test - Absolute reliability 

- Peak torque - Reproducibility 

- Angle of peak torque - Pre-test y post-test 

- Total work - Measurement error 

- Average power - Knee flexion 

- Variability - Knee extension 

 

The titles and abstracts of the articles found through the searching strategy already 
described were initially analyzed by the only one expert researcher (Doctor in 
Physical Education and Sport Sciences with more than 10 years’ experience in the 
research field) in order to determine whether they fulfilled the established inclusion 
and exclusion criteria. Therefore, titles and abstracts of the articles found were 
categorized as: (a) apt; (b) doubtful; and (c) unfit. Those articles whose title and 
abstract did not provide enough information to decide on their selection were read in 
full in order to categorize them as apt or unfit. When some doubt existed a second 
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expert’s opinion was sought. Once the articles had been selected they were obtained 
in electronic format. 

 

2.3. Data extraction 

 

A list was developed with methodological variables of interest for coaches, physical 
trainers, clinicians and other members of the physical activity and sports field (table 
2). This list was based on the design previously established by Keating and Matyas 
(1996), where included are aspects such as (a) design type, (b) sample description, 
(c) preparation of the exploratory test, (d) some aspects during the assessment 
procedure, (e) statistics used, (f) results (qualitative and quantitative) and (g) 
conclusions. 
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Table 2: List of data extraction in the analyzed scientific studies. 

Reference 

Design 

Type (repeated measures, pretest and posttest) 

Number of exploratory sessions 

Temporary interval between consecutive exploratory sessions (week, days) 

Familiarization session (yes/no) 

Population 

Number 

Sex (man/woman) 

Age (average and standard deviation) 

Level of fitness (sedentary people, physically active people, athletes [indicate the sport 
discipline]) 

Exploratory test preparation 

Brand and model of the dynamometer device 

Procedure to warm-up (yes/no, type and parameters with training load) 

Position adopted by the evaluated subject (sitting position, bipedalism, supine position, 
prone position)  

Stabilization 

Lining up the joint axis of rotation with the dynamometer axis of rotation 

Length of the telescopic boom 

Previous training load for activation 

Gravity correction method if applied 

During the exploratory test 

Evaluated leg (both, dominant or non-dominant, right or left) and order (ramdom or not 
[indicate strategy followed]) 

Mode (isokinetic [passive, isokinetic, reactive], isomeric, isotonic) 

Method for evaluation of muscular contraction (concentric, eccentric or both) 

Type of knee joint movement (flexion, extension, both) and mode (simple cycle 
[concentric/concentric, eccentric/eccentric], compound cycle (concentric 

Joint range of motion evaluated 

Angular velocity and evaluation order 

Periods of rest 

Statistical analysis 

Type of statistics used in order to express absolute reliability 

Strategy for the selection of the final value of the isokinetic strength ratio for statistical 
analysis (attempts average, best attempt) 

Statistical test used to evaluate the inter-session differences (parametric, nonparametric, 
indicate name) 

Others 

Results and conclusions 

Quantitative (percentage Δ between pretest and posttest in newton • meters) 

Qualitative 

Author/s considerations 

Other comments 
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All methodological variables of the articles were extracted, registered and analyzed 
by the same expert researcher. Those articles which did not specify any of the 
variables above were categorized as “do not inform” but they were not removed from 
the analysis process. This data extraction process was recommended by “Cochrane 
Collaboration Back Review Group” in order to make systematic reviews (Van Tulder, 
Furland, Bombardier & Bouter, 2003). 

 

3. RESULTS 

 

The strategy to search for and select the articles used in this review obtained a total 
of 30 articles whose titles and abstracts seemed to fulfill the inclusion and exclusion 
criteria previously established by the authors. Five of the thirty titles and abstracts 
categorized as “apt” (n=30), could not be obtained in electronic format due to 
restricted access. Therefore, a final total of 25 electronic articles was obtained. 
However, a further five of these were dropped either because their methodology was 
poorly described (n=3), or because their statistical analysis used were hardly 
described (n=2). As a result, 34 articles were analyzed and included in this review. 
All the studies analyzed absolute reliability of PT, APT, AP and TW isokinetic 
strength parameters during knee flexion and extension movements. 

 

4. DISCUSSION  

 

A detailed analysis of the obtained results by diverse scientific studies related to the 
degree of absolute reliability of PT, APT, AP and TW isokinetic strength parameters 
during knee flexion and extension movements is now exposed: 

 

4.1. Absolute reliability of the “peak torque” isokinetic strength parameter  

 

This isokinetic strength parameter is the one that has received the most attention by 
far in the study of its reliability (n=17). Absolute reliability of PT has been determined 
under concentric and/or eccentric contractions through a great range of angular 
velocities, such as 60º, 120º and 180º/s (table 3). 

 

If the studies that determine absolute reliability of the PT strength parameter are 
analyzed using “standard error of measurement” (SEM) (Atkinson and Nevill, 2001) 
and “typical error of measurement” (TE) (Hopkins, 2000) statistics using percentages, 
it is possible that this PT presents a moderate-high reliability (defined as SEM and 
TE < 10% [Hopkins, 2000]), with an average value of intersession variability of 8.2% 
(Dauty & Rochcongar, 2001; Deighan, De Ste Croix & Armstrong, 2003; Dervisevic, 
Hadzic, Karpljuk & Radjo, 2006; Impellizzeri, Bizzini, Rampinini, Cereda & Maffiulet, 
2008; Li, Wu, Maffulli, Chan & Chan, 1996; Lund et al., 2005; Maffiuletti et al., 2007; 
McCleary & Andersen, 1992; Pincivero, Lephart & Karunakara, 1997; Sole, Hamrén, 
Milosavljevic, Nicholson & Sullivan, 2007; Symons, Vandervoort, Rice, Overend & 
Marsh, 2004), together with a probability level of 68%. 

 

On the other hand, if statistics which reflect an intersession value of variability that 
include 95% of the cases are used (eg. 95% limits of agreement [95% LoA]; Ratio 
limits of agreement [RLoA), it is observed that the PT strength parameter presents a 
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value of variability that range from 5.9% to 33.0% (Iga, George, Lees & Reilly. 2006; 
Impellizzeri et al., 2008; McCleary & Andersen, 1992; Ordway, Hand, Brings & P 
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Table 3: Studies which determine absolute reliability of the peak torque isokinetic strength ratio chronologically presented 

Reference Design Exploratory procedure 

Results 
Population 

Position of the evaluated 
subject 

Process to warm-up Evaluation process 

Perrin (1986) 

M (n = 15) 

Healthy Young adults 

- No familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- Sitting position (not indicated 
the degree of hip flexion) 

- 3 submaximal cycles con/con of 
KF and KE at 60º/s 

- 3 maximal cycles con/con of KF 
and KE at 60º/s 

- 1 min rest between warm-up 
and evaluation 

- Both legs evaluated 

- 5 maximal cycles con/con of KE 
and KF at 60º/s 

- ROM: not specified 

- 2 min rest between evaluation of 
one leg and another 

Knee flexion: 

- Con 60º FR left: 0.83 ICC 

- Con 60º FR right: 0.92 ICC 

Knee extension 

- Con 60º FR left: 0.84 ICC 

- Con 60º FR right: 0.85 ICC 

Tredinnick et al. (1988) 

M (n = 14) 

Healthy Young adults 

- 1 familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- Supine position (not indicated 
the degree of hip flexion) 

- 4 submaximal con and ecc contr 
of KE at 60º, 120º and 180º/s 

- 1 maximal con and ecc contr of 
KE at 60º, 120º and 180º/s 

- 2 min rest between warm-up 
and evaluation 

- Right leg evaluated 

- 3 maximal con and ecc contr of 
KE at 60º, 120º and 180º/s 

- ROM: not specified 

- 5s rest between con and ecc contr 

- 3 min rest between velocities 

Knee flexion  

- Con a 60º/s: 0.89 ICC 

- Con a 120º/s: 0.97 ICC 

- Con a 180º/s: 0.75 ICC 

- Ecc a 60º/s: 0.47 ICC 

- Ecc a 120º/s: 0.84 ICC 

- Ecc a 180º/s: 0.79 ICC 

McCleary et al. (1992) 

M (n = 26) 

Athletes (22 footballers 
and 4 swimmers) 

- No familiarization session 

- 3 evaluation sessions 

- 24 hours between 
consecutive sessions 

- Sitting position (not indicated 
the degree of hip flexion) 

 

- 4 submaximal cycles con/con of 
KE and KF 

- 3 maximal cycles con/con of KF 
and KE 

- 30s rest between warm-up and 
evaluation 

- Right leg evaluated 

-  Maximal cycles con/con of KE 
and KF at 60º/s 

- ROM: 0-90º 

Knee flexion  

- Con 60º/s: 3 SEM
3
; 2.9 %SEM; 5.9 LoA

3
 

Knee extension 

- Con 60º/s: 7 SEM
3
; 4.47 %SEM; 13.7 LoA

3
 

Arnold et al. (1993) 

W (n = 25) 

Healthy Young adults 

- 1 familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- Sitting position (not indicated 
the degree of hip flexion) 

 

- 3 submaximal con contr of KE 

- 1 maximal con contr of KE 

- 3 maximal con contr of KE at 
60º/s 

- ROM: 0-90º 

Knee extension 

- Con 60º/s en 30º of KE: 5.9 SEM
3
; 0.84 ICC 

- Con 60º/s en 60º of KE: 7.6 SEM
3
; 0.87 ICC 

- Con 60º/s en 75º of KE: 7.3 SEM
3
; 0.83 ICC 

Li et al. (1996) 

M (n = 18) 

W (n = 12) 

Adultos jóvenes sanos 

Healthy Young adults 

- 1 familiarization session 

- 2 evaluation sessions 

- 4-10 days between 
consecutive sessions 

- Sitting position with 110º of 
hip flexion 

- 3 min of stretching 

- 2 submaximal cycles con/ecc 

- 1 maximal cycle con/ecc 

- Both legs evaluated 

- 5 maximal cycles con/ecc of KE 
and KF at 60º/s 

- 5 maximal cycles con/ecc of KE 
and KF at 120º/s 

- ROM: is not specified 

NS between legs: data show the average between 
both of them. NS between gender: data express the 
results of women 

Knee flexion  

- Con a 60º/s: 6.3 %diff; 0.82 ICC  

- Con a 120º/s: 4.5 %diff; 0.90 ICC 
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- 2 min rest between velocities 

- 3 min rest between muscles 

- 5 min rest between dominant and 
non-dominant leg 

- Ecc a 60º/s: 9.8 %diff; 0.83 ICC 

- Ecc a 120º/s: 14.4 %diff; 0.84 ICC 

Knee extension 

- Con a 60º/s: 6.6 %diff; 0.83 ICC 

- Con a 120º/s: 11.0 %diff; 0.85 ICC 

- Ecc a 60º/s: 11.9 %diff; 0.82 ICC 

- Ecc a 120º/s: 8.9 %diff; 0.83 ICC 

Pincivero et al. (1997) 

M (n = 10) 

W (n = 11) 

Healthy Young adults 

- No familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- Sitting position (not indicated 
the degree of hip flexion) 

- 5 minutes of bicycle ergometer 
(60 rpm) 

- Stretching 

- 5 submaximal cycles con/con of 
KF and KE 

- 2-3 maximal cycles con/con of 
KF and KE 

- Both legs evaluated 

- 5 maximal cycles con/ecc of KE 
and KF at 60º/s 

- 5 maximal cycles con/ecc of KE 
and KF at 180º/s 

– ROM: 0-90º 

NS between legs: data show the dominant leg 

Knee flexion  

- Con 60º/s: 4.9 %SEM; 0.97 ICC 

- Con 180º/s: 6.1 %SEM; 0.96 ICC 

Knee extension 

- Con 60º/s: 4.8 %SEM; 0.97 ICC 

- Con 180º/s: 5.6 %SEM; 0.96 ICC 

Kellis et al. (1999) 

M (n = 13) 

Talented adolescent 
footballers 

- 1 familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- Sitting position with 110º of 
hip flexion 

- 15 minutes of bicycle ergometer 

- 3 submaximal cycles con/con 
and ecc/ecc of KE and KF at 
60º, 120º and 180º/s 

- 1 maximal cycle con/con and 
ecc/ecc of KF and KE at 60º, 
120º and 180º/s 

- Both legs evaluated 

- 5 submaximal cycles con/con and 
ecc/ecc of KE and KF at 60º, 120º 
and 180º/s (randomly) for both 
legs (randomly) 

- ROM: 0-90º 

- 5 min rest between velocities 

- 10 min rest between evaluation of 
one leg and another 

NS between legs: data show the dominant leg 

Knee flexion  

- Con 60º/s: -6.1 +1.5 95%LoA; 0.90 ICC 

- Con 120º/s: -6.1 +1.5 95% LoA; 0.88 ICC  

- Con 180º/s: -6.6 +0.4 95% LoA; 0.89 ICC 

- Ecc 60/s: -7.2 +2.9 95% LoA; 0.85 ICC 

- Ecc 120º/s: -2.6 +10.7 95% LoA; 0.71 ICC 

- Ecc 180º/s: -4.2 +8.7 95% LoA; 0.76 ICC 

Knee extension 

- Con 60º/s: -1.7 +7.2 95% LoA; 0.98 ICC 

- Con 120º/s: -0.6 +4.7 95% LoA; 0.96 ICC 

- Con 180º/s: -1.5 +2.3 95% LoA; 0.98 ICC  

- Ecc 60/s: -0.6 +11.1 95% LoA; 0.92 ICC 

- Ecc 120º/s: -3.4 +13.1 95% LoA; 0.88 ICC 

- Ecc 180º/s: -2.4 + 15.2 95% LoA; 0.80 ICC 

Dauty et al. (2001) 

M (n = 10) 

Volleyball players of 
national category 

- No familiarization session 

- 2 evaluation sessions 

- 21 days between consecutive 
sessions 

- Sitting position with 85º of hip 
flexion 

 

- 5 minutes of bicycle ergometer 
(70 rpm and 5 w) 

- Stretching 

- Right leg evaluated 

- 5 maximal con contr of KF at 
180º/s 

- 5 maximal ecc contr of KF at 30º/s 

- 5 maximal ecc contr of KF at 60º/s 

- ROM: 0-100º 

- 3 min rest between con and ecc 
contr 

Knee flexion  

- Con 180º/s: 7 SEM
3
; 5.6 %SEM; 0.94 ICC 

- Ecc 30º/s: 15 SEM
3
; 8.1 %SEM; 0.86 ICC 

- Ecc 60º/s: 16 SEM
3
; 8.6 %SEM; 0.83 ICC 
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- 1 min rest between ecc contr 

 

Deighan et al. (2003) 

M (n = 10) 

sedentary prepubertal 
students 

- 1 familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- Sitting position with 85º of hip 
flexion 

- 3 minutes of bicycle ergometer 
(moderate intensity) 

- KF and KE strenching 

- 3 submaximal con and ecc contr 

- 1 maximal con/con and ecc/ecc 
contr 

- Right leg evaluated 

- 3 maximal cycles con/con of KF 
and KE at 30º and 180º/s 
(randomly) 

- 4 maximal cycles ecc/ecc of 

- ROM: 0-90º for KE and KF 
con/con cycles. 0-75º for KE and 
KF ecc/ecc cycles 

- 2 mis rest between velocities 

- 3 min rest between modes 

Knee flexion 

- Con 30º/s: 6% CV; 10 SEM
2
; -8 +11 95% LoA 

- Con 180º/s: 9% CV; 12 SEM
2
; -11 +14 95% LoA 

- Ecc 30º/s: 10% CV; 17 SEM
2
; -16 +17 95% LoA  

- Ecc 180º/s: 7% CV; 13 SEM
2
; -14 +13 95% LoA; 

- Extensión de rodilla 

- Con 30º/s: 7% CV; 13 SEM
2
; -8 +17 95% LoA 

- Con 180º/s: 4% CV; 6 SEM
2
; -7 +5 95% LoA 

- Ecc 30º/s: 9% CV; 24 SEM
2
; -23 +24 95% LoA 

- Ecc 180º/s: 11% CV; 24 SEM
2
; -27 +21 95% LoA 

Symons et al. (2004) 

W (n = 25) 

Healthy older adults 

- No familiarization session 

- 2 evaluation sessions 

- 2-10 days between 
consecutive sessions 

 

- 5 minutes of bicyvle ergometer 
(50 rpm) 

- 3 submaximal contr at 50-60% 
of MVC 

- Both legs evaluated 

- 5 maximal KE con at 90º/s 

- 5 maximal KE ecc at 90º/s 

- ROM: 0-90º 

- 2 mis rest between contr 

 

NS between legs: data show the dominant leg 

Knee extension 

- Con 90º/s: 7.4%ETM; 20.5 RLoA and 0.92 ICC 

- Ecc 90º/s: 8.2%ETM; 23.0 RLoA and 0.88 ICC 

Lund et al. (2005) 

M (n = 4) 

W (n = 9) 

Healthy Young adults 

- 1 familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- Sitting position with 90º of hip 
flexion 

No information about stretching 

- Dominant leg evaluated 

- 3 maximal KF and KE con at 60º/s 

- ROM: 0-90º 

Knee flexion 

- Con 60º/s: 6.9 SEM
1
; 8.8 %SEM; 0.91 ICC 

Knee extension 

- Con 60º/s: 10.6 SEM
1
; 6.9%SEM; 0.89 ICC 

Dervisevic et al. (2006) 

M (n = 16) 

Young adult recreational 
athletes 

- No familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- Sitting position (not indicated 
the degree of hip flexion) 

- 5 minutes of bicycle ergometer 

- 30s of KF and KE strenching 

- 2 submaximal con and ecc contr 
of KF and KE 

- 1 maximal con and ecc contr of 
KF and KE 

- Both legs evaluated 

Set 1, ROM: 0-90º 

 

- 1 maximal con contr of KF and KE 
at 90º/s 

- 1 maximal ecc contr of KE at 90º/s 

- 1 maximal con cntr of KF and KE 
at 180º/s 

- 1 maximal ecc contr of KE at 
180º/s 

Set 2, ROM 30-60º 

- 1 maximal con contr of KF and KE 
at 30º/s 

NS between legs: data show the dominant leg 

Knee flexion ROM 0-90º 

- Con 90º/s: 12 SEM
3
; 12.2 %SEM; 0.85 ICC 

- Con 180º/s: 12.4 SEM
3
;
 
12.8 %SEM; 0.80 ICC 

Knee extension ROM 0-90º 

- Con 90º/s: 15.5 SEM
3
; 10.9 %SEM; 0.82 ICC 

- Con 180º/s: 12.5 SEM
3
;
 
10.6 %SEM; 0.84 ICC 

- Ecc 90º/s: 36.99 SEM
3
; 22.7 %SEM; 0.33 ICC 

- Ecc 180º/s: 26.3 SEM
3
;
 
15.7 %SEM; 0.43 ICC 

Knee flexion ROM 30-60º 

- Con 30º/s: 10.2 SEM
3
; 10.4 %SEM; 0.85 ICC 

- Con 60º/s: 6.7 SEM
3
;
 
7.2 %SEM; 0.92 ICC 

Knee extension ROM 30-60º 
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- 1 maximal ecc contr of KE at 30º/s 

- 1 maximal con contr of KF and KE 
at 60º/s 

- 1 maximal ecc contr of KE at 60º/s 

- 30 min rest between sets 1 and 2 

 

- Con 30º/s: 14.1 SEM
3
; 10.1 %SEM; 0.82 ICC 

- Con 60º/s: 10.7 SEM
3
;
 
8.5 %SEM; 0.89 ICC 

- Ecc 30º/s: 18.1 SEM
3
; 11.1 %SEM; 0.83 ICC 

- Ecc 60º/s: 13.8 SEM
3
;
 
8.4 %SEM; 0.89 ICC 

Iga et al. (2006) 

M (n = 23) 

Adolescent footballers 

- 1 familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- Sitting position with 90º of hip 
flexion 

- Bicycle ergometer 

- Stretching 

- 3 submaximal cycles con/con 
and ecc/ecc of KE and KF 

- 3 maximal cycles con/con and 
ecc/ecc of KE and KF 

 

- Both legs evaluated 

- 5 maximal con/con cycles of KE 
and KF at 60º, 120º and 240º/s 

- 5 maximal ecc/ecc cycles of KE 
and KF at 120º/s 

- ROM: 10-90º 

- 30s rest between cycles 

- 1 min rest between velocities 

NS between legs: data show the dominant leg 

Knee flexion 

- Con 60º/s: 1.05 x/ ÷ 1.18 RLoA
3
 

- Con 120º/s: 1.07 x/ ÷ 1.17 RLoA
3
 

- Con 240º/s: 1.03 x/ ÷ 1.22 RLoA
3
 

- Ecc 120º/s: 1.05 x/ ÷ 1.14 RLoA
3
 

Knee extension 

- Con 60º/s: 1.03 x/ ÷ 1.22 RLoA
3
 

- Con 120º/s: 1.03 x/ ÷ 1.14 RLoA
3
 

- Con 240º/s: 1.05 x/ ÷ 1.15 RLoA
3
 

- Ecc 120º/s: 1.05 x/ ÷ 1.16 RLoA
3
 

Ordway et al (2006) 

M (n = 16) 

W (n = 17) 

Healthy older adults 

- 1 familiarization session 

- 2 evaluation sessions 

- 7-10 days between 
consecutive sessions 

- Sitting position with 85º of hip 
flexion 

- 3 submaximal cycles con/con of 
KE and KF 

- Dominant leg evaluated 

- 5 maximal con/con cycles of KF 
and KE qt 60º and 240º/s 

- ROM: not specified 

- 1 min rest between velocities 

Knee flexion 

- Con 60º/s: 33% RLoA 

- Con 240º/s: 13 95% LoA
3
 

Knee extension 

- Con 60º/s: 21% RLoA 

- Con 240º/s: 7 95% LoA
3
 

Maffiuletti et al. (2007) 

M (n = 15) 

W (n = 15) 

Young adult recreational 
athletes 

- No familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- Sitting position with 85º of hip 
flexion 

- 20 submaximal con (15º/s) and 
ecc (15º/s) contr of KE and KF 
at 60º/s 

- 3 maximal con of KF and KE at 
60º, 120º and 180º/s 

- 3 maximal ecc of KF and KE at 
60º/s 

- ROM: 10-80º 

- 1 mis rest 

Knee flexion 

- Con 60º/s: 3.1% CV; 0.98 ICC 

- Con 120º/s: 4.2% CV; 0.98 ICC 

- Con 180º/s: 4.1% CV; 0.98 ICC 

- Ecc 60º/s: 6.4% CV; 0.97 ICC 

Knee extension 

- Con 60º/s: 3.2% CV; 0.97 ICC 

- Con 120º/s: 2.8% CV; 0.99 ICC 

- Con 180º/s: 3.3% CV; 0.99 ICC 

- Ecc 60º/s: 7.0% CV; 0.96 ICC 

Sole et al. (2007) 

M (n = 11) 

W (n = 7) 

Athletes with different 

- No familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- 10 submaximal con and ecc 
contr 

- 2 maximal con and ecc contr 

- Dominant leg evaluated 

- 3 maximal con/ecc cycles of KE at 
60º/s 

- 3 maximal con/ecc cycles of KF at 

Knee flexion 

- Con 60º/s: 4.7 SEM
3
; 6.4 %SEM

3
; 13.1 95% LoA

2
; 

17.7 RLoA
2
; 0.94 ICC 

- Exc 60º/s: 7.2 SEM
3
; 8.2 %SEM

3
; 19.2 95% LoA

2
; 
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levels of performance - Sitting position with 100º of 
hip flexion 

 

60º/s 

- ROM: 0-85º 

- 15s rest between cycles 

22.7 RLoA
2
; 0.90 ICC 

Knee extension 

- Con 60º/s: 6.4 SEM
3
; 5.4 %SEM

3
; 17.8 95% LoA

2
; 

15.1 RLoA
2
; 0.95 ICC 

- Exc 60º/s: 11.2 SEM
3
; 6.5 %SEM

3
; 31.0 95% LoA

2
; 

18.1 RLoA
2
; 0.94 ICC 

Impellizzeri et al. (2008) 

M & W (n = 18) 

Young adult recreational 
athletes 

- No familiarization session 

- 3 evaluation sessions 

- 96 hours between 
consecutive sessions 

- Sitting position (not indicated 
the degree of hip flexion) 

- 5-6 submaximal con and ecc 
contr of KE and KF at 60º/s 

- Both legs evaluated 

- 2 maximal con contr og KE and 
KF at 60º, 

- 3 maximal ecc contr at 60º/s of KF 

- ROM: 10-90º 

- 1 min rest between contr 

NS between legs: data show the dominant leg 

Knee flexion: 

- Con a 60º/s: 5.2 %SEM; 14.5 RLoA
2
; 0.95 ICC 

- Con a 120º/s: 5.7 %SEM; 15.8 RLoA
2
; 0.95 ICC 

- Con a 180º/s: 5.2 %SEM; 14.3 RLoA
2
; 0.96 ICC 

- Ecc a 60º/s: 6.5 %SEM; 17.2 RLoA
2
; 0.95 ICC 

Knee extension 

- Con a 60º/s: 4.3 %SEM; 12.0 RLoA
2
; 0.98 ICC 

- Con a 120º/s: 4.8 %SEM; 13.2 RLoA
2
; 0.97 ICC 

- Con a 180º/s: 4.0 %SEM; 11.1 RLoA
2
; 0.98 ICC 

- Ecc a 60º/s: 6.8 %SEM; 19.0 RLoA
2
; 0.96 ICC 

Contr: contractions; con: concentric; ecc : eccentric ; KF: knee flexion (hamstring) ; KE: knee extension (quadriceps); CV: coefficient of variation ([standard deviation of two assessments/mean of 
two assessments] x 100); SEM

1
: standard error of measurement (square root of the quadratic error [square of the average residual value] in the ANOVA test); MVC: maximum voluntary 

contraction; %TEM: Typical error of measurement expressed in % (([antilog {SD (test 1 - test 2) / √ 2}] x 100) - 100); RLoA: ratio of limits of agreement (%TEM x 2.77); ROM: range of motion 
(0º=complete extension); min: minutes; 95% LoA

3
: limits of agreement (1.96 x standard deviation of the difference between test and re-test); 95% LoA: limits of agreement (difference between 

test and re-test ± SEM
2
); SEM

3
: standard error of measurement (SD √(1-ICC)); %SEM: SEM expressed as percentage according to the mean of the group; 95% LoA

2
; limits of agreement (1.96x 

√2x SEM
3
); RLoA

2
: 95% LoA

2
 expressed according to the percentage of the mean of the group; RLoA

3
: 95% LoA

2
 calculated through logarithms; %diff: percentage of the difference = {(result test 

1 - result test 2) / result test 1)] x 100, ICC: intraclass correlation coefficient. 
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Table 4 goes into the study of absolute reliability of PT strength parameter, since it 
focuses on the possible influence that (a) the type of muscle contraction (concentric 
and eccentric), (b) the angular velocity (low: 0º-90º/s; moderate 91º-150º/s; high: 
>150º/s) and (c) the joint movement (knee flexion and knee extension) could have on 
its absolute reliability. 

 
Table 4: Studies which analyze absolute reliability of the Peak Torque strength parameter 

using the standard error of measurement in percentages (68% of probability) 

Mucle action Studies 

(n) 

Range of 
reliability (%) 

Average of 
reliability (%) Velocity 

Concentric knee flexion at 
low velocity (0-90º/s) 

9 3.1 - 12.2 6.2 

Concentric knee flexion at 
moderate velocity (91-
150º/s) 

3 4.2 - 5.7 4.8 

Concentric knee flexion at 
high velocity (> 150º/s) 

6 4.1 - 12.8 7.1 

Concentric knee extension at 
low velocity (0-90º/s) 

10 3.2 - 10.9 6.1 

Concentric knee extension at 
moderate velocity (91-
150º/s) 

3 2.8 - 11.0 6.2 

Concentric knee extension at 
high velocity (> 150º/s) 

5 3.3 - 10.6 5.5 

Eccentric knee flexion at low 
velocity (0-90º/s) 

6 6.4 - 10.0 8.2 

Eccentric knee flexion at 
moderate velocity (91-
150º/s) 

1 - 14.4 

Eccentric knee flexion at 
high velocity (> 150º/s) 

1 - 7.0 

Eccentric knee extensión at 
low velocity (0-90º/s) 

7 6.8 - 22.7 10.3 

Eccentric knee extension at 
moderate velocity (91-
150º/s) 

1 - 8.9 

Eccentric knee extension at 
high velocity (> 150º/s) 

2 11.0 - 15.7 13.4 

º: degrees; s: seconds 

 

In this sense, table 4 shows that it seems to be a tendency which shows that 
concentric contractions may present a lower intersession variability compared to the 
eccentric one, no matter the selected angular velocity (5.9& and 10.4% of SEM for 
concentric and eccentric contractions respectively). There is a great number of 
studies whose results confirm this statement (Dauty & Rochcongar, 2001; Deighan, 
De Ste Croix y Armstrong, 2003; Dervisevic et al., 2006; Impellizzeri et al., 2008; Li et 
al., 1996; Lund et al., 2005; Maffiuletti et al., 2007; Sole et al., 2007; Symons et al., 
2004; Tredinnick & Duncan, 1988), showing that the first reason for this is the fact 
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that eccentric muscle activation of knee flexion and extension requires a better motor 
control and higher ability to execute it, so that it is more difficult to execute it than 
concentric muscle activation. (Kellis, Kellis, Gerodimos & Manou, 1999; Li et al., 
1996; Sole et al., 2007). 

 

Regarding the possible influence that the magnitude of angular velocity (low: 0º-
90º/s; moderate 91º-150º/s; high: >150º/s) could have on PT strength parameter, the 
analysis of the analyzed articles (table 4) does not support the theory that claims that 
high angular velocities generate higher variability if the results obtained in 
comparison to low and moderate velocities (low: 7.7% SEM; moderate: 8.6% SEM; 
and high: 8.2% SEM). However, it is important to take into account that this theory, 
based on the results showed in Table 4, could be biased, since there are a greater 
amount of studies which use low angular velocities (n=17) than those which use high 
isokinetic velocities (n=9). 

 

Finally, the study of the impact the joint movement (knee flexion and extention) has 
on the error of measurement of the PT strength parameter reveals that a tendency 
may exist that indicates that the knee extension movement if more reliable than the 
knee flexion one (Dervisevic et al., 2006; Impellizzeri et al., 2008; Kellis et al., 1999; 
Maffiuletti et al., 2007; Pincivero, Lephart & Karunakara, 1997; Ordway et al., 2006; 
Sole et al., 2007).The reason for this fact is not clear, and this circumstance is not 
present in all studies which evaluate both joint movements (Deighan, De Ste Croix & 
Armstrong, 2003; Lund et al., 2005; McCleary & Andersen, 1992). Kelli et al. (1999) 
suggest that during motor patterns in races and actions such as kicking a ball or 
changing direction and sense the knee extension muscle is maximally contracted. 
Therefore, the person evaluated could be more skillful to activate the knee extension 
muscle, while the knee flexion muscle acts in several actions as antagonist (in an 
eccentric way) and/or synergistic muscle. This could provide a possible explanation, 
although it is based on empiric theories. 

 

4.2. Absolute reliability of the “angle of peak torque” isokinetic stregth 
parameter 

 

Absolute reliability of this isokinetic strength parameter has only been determined by 
two studies (table 5). Dauty & Rochcongar (2001) evauated the absolute reliability of 
the knee flexion APT under concentric (180º/s) and eccentric (30º and 60º/s) 
contractions in volleyball players of national category (n=10). The results obtained by 
Dauty & Rochcongar (2001) showed that the APT strength parameter is not a stable 
measure for eccentric contraction (46.9% and 62.9% of SEM for velocities of 30º and 
60º/s respectively), whereas moderate-low values of variability were obtained in the 
concentric mode (16.7% SEM). 
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Table 5: Studies which determine the absolute reliability of the APT isokinetic strength parameter chronologically presented 

Referece Design Exploratory procedure 

Results 
Population 

Position of the evaluated 
subject 

Process to warm-up Evaluation process 

Dauty et al. (2001) 

M (n = 10) 

Volleyball players of 
national category 

- No familiarization session 

- 2 evaluation sessions 

- 21 days between consecutive 
sessions 

- Sitting position with 85º of hip 
flexion 

- 5 minutes of bicycle ergometer 
(70 rpm and 50 w) 

- Stretching 

- Right leg evaluated 

- 5 maximal con contr of KF at 180º/s 

- 5 maximal ecc contr of KF at 30º/s 

- 5 maximal ecc contr of KF at 60º/s 

- ROM: 0-100º 

- 3 min rest between con and ecc contr 

- 1 min rest between ecc contr 

Knee flexion 

- Con 180º/s: 7 SEM
3
; 16.7 %SEM; 0.67 ICC 

- Ecc 30º/s: 9 SEM
3
; 46.9 %SEM; 0.28 ICC 

- Ecc 60º/s: 10 SEM
3
; 62.9 %SEM; 0.28 ICC 

Maffiuletti et al. (2007) 

M (n = 15) 

W (n = 15) 

Young adult recreational 
athletes 

 

- No familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- Sitting position with 85º of hip 
flexion 

- 20 submaximal con (15º/s) and 
ecc (15º/s) con of KF and KE 

- 3 maximal con of KF and KE at 60º, 
120º and 180º/s 

- 3 maximal ecc of KF and KE at 60º/s 

- ROM: 10-80º  

- 1 min rest 

Knee flexion 

- Con 60º/s: 11.1% CV y 0.52 ICC 

- Con 120º/s: 10.2% CV y 0.70 ICC 

- Con 180º/s: 11.6% CV y 0.83 ICC 

- Ecc 60º/s: 18.1% CV y 0.73 ICC 

Knee flexion 

- Con 60º/s: 4.3% CV y 0.91 ICC 

- Con 120º/s: 4.3% CV y 0.92 ICC 

- Con 180º/s: 4.0% CV y 0.91 ICC 

- Ecc 60º/s: 7.1% CV y 0.48 ICC 

Contr: contractions; con: concentric; ecc : eccentric ; KF: knee flexion (hamstring) ; KE: knee extension (quadriceps); º: degrees; s: seconds; CV: coefficient of variation ([standard deviation of 
two assessments/mean of two assessments] x 100); SEM

3
: standard error of measurement (SD √(1-ICC)) %SEM: SEM expressed as percentage according to the mean of the group; ROM: 

range of motion (0º= complete extension); ICC: intraclass correlation coefficient. 
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Maffiuletti et al. (2007) showed opposite results to those obtained by Dauty and 
Rochcongar (2001), since they determined the APT reliability of knee concentric and 
eccentric flexion and extension through different velocities (60º, 120º and 180º/s) in 
physically active young adults (n=30). Maffiuletti et al. (2007) reported moderate 
values of absolute reliability of the APT isokinetic strength parameter, without 
concerning the velocity of the movement execution (4-18.1% of variability), although 
the concentric mode and the knee extension action were the combinations which 
obtained the best reliability values (4-4.3% of variability) 

 

4.3. Absolute reliability of the “average power” isokinetic strength 
parameter 

 

There are few scientific studies which have tried to determine the absolute reliability 
of the AP isokinetic strength parameter (table 6). As a result, an exhaustive analysis 
of the influence that variables such as the type of muscle contraction and the 
magnitude of movement angular velocity have on intersession variability of the AP 
strength parameter would be hugely speculative and lacking in scientific base to 
establish rigorous judgments. 

 

Along this argumental line, perhaps the only consideration regarding absolute 
reliability of the AP isokinetic strength parameter should be based on a general 
qualitative value derived from the results obtained in the studies with this aim. In this 
sense, absolute reliability of the AP isokinetic strength parameter seems to be 
moderate-high (<10-15% of intersession variation) (Hopkins, Marshall, Batterham & 
Hanin, 2009). 

 

4.4. Absolute reliability of the “total work” isokinetic strength parameter 

 

From a global perspective, and on the margins of the different exploratory 
procedures used by diverse studies to obtain it, the TW strength parameter presents 
a moderate absolute reliability with values around 10-15% of intersession variability 
(table 7).  

 

The study of the possible influence that the type of muscle contraction (concentric 
and eccentric), the angular velocity (low: 0º-90º/s; moderate: 91º-150º/s; high: 
<150º/s) and the joint movement (knee flexion and extension) have on the valiability 
of the Total Work strength parameter shows similar conclusions to those obtained 
with PT strength parameter. 

 

Along this line, studies which do direct comparisons between values of absolute 
reliability of the TW obtained through concentric and eccentric muscular actions show 
that generally the best results (less variability) are obtained by the concentric mode 
(Li et al., 1996; Maffiuletti et al., 2007; Sole et al., 2007; Tredinnick & Duncan, 1988). 
A clear example of this situation is the study made by Maffiuletty at al. (2007), who 
determined the TW absolute reliability in the concentric and eccentric mode at low 
velocity (60º/s) in physically active subjects (n=30). There authors reported variability 
values of 4.1% and 7.2% (SEM) for the concentric and eccentric contraction of knee 
extension respectively. 
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Table 6: Studies which determine absolute liability og average power strength parameter chronologically presented 

Reference Design Exploratory procedures 

Results 
Population 

Position of the evaluated 
subject 

Process to warm-up Evaluation process 

Perrin (1986) 

M (n = 15) 

Healthy Young adults 

- No familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- Sitting position (degree of hip 
flexion not indicated) 

- 3 submaximal con/con cycles of 
KE and KF at 60º/s 

- 3 maximal con/con cycles of KE 
and KFat 60º/s 

- 1 min rest between warm-up 
and evaluation processes 

- Both legs evaluated 

- 5 maximal con/con cycles of KE 
and KF at 60º/s 

- ROM: not specified 

- 2 min rest between the evaluation 
of one leg and another 

Knee flexion 

- Con 180º FR left: 0.95 ICC 

- Con 180º FR right: 0.90 ICC 

Knee extension 

- Con 180º FR left: 0.94 ICC 

- Con 180º FR right: 0.90 ICC 

Li et al. (1996) 

M (n = 18) 

W (n = 12) 

Healthy Young adults 

- 1 familiarization session  

- 2 evaluation sessions 

- 4-10 days between 
consecutive sessions 

- Sitting position  with 110º of 
hip flexion 

- 3 min stretching 

- 2 submaximal con/ecc cycles 

-  1 maximal con/ecc cycle 

 

- Both legs evaluated 

- 5 maximal con/ecc cycles of KE 
and KF at 60º/s 

- 5 maximal con/ecc cycles of KE 
and KF at 120º/s 

- ROM: not specified 

- 2 min rest between velocities 

- 3 min rest between muscles 

- 5 min rest between dominant and 
non-dominant leg 

NS between legs: data show the average between 
both of them. NS between gender: data express the 
results of women 

Knee flexion 

- Con at 60º/s: 16.4 %diff; 0.77 ICC  

- Con at 120º/s: 11.7 %diff; 0.83 ICC 

- Ecc at 60º/s: 16.3 %diff; 0.76 ICC 

- Ecc at 120º/s: 14.6 %diff; 0.84 ICC 

Knee extension 

- Con at 60º/s: 11.2 %diff; 0.80 ICC 

- Con at 120º/s: 12.3 %diff; 0.82 ICC 

- Ecc at 60º/s: 16.9 %diff; 0.83 ICC 

- Ecc at 120º/s: 16.3 %diff; 0.83 ICC 

Pincivero et al. (1997) 

M (n = 10) 

W (n = 11) 

Healthy Young adults 

- No familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- Sitting position (degree of hip 
flexion not indicated) 

- 5 min of bicycle ergometer 
(60rpm) 

- Stretching exercises 

- 5 submaximal con/con cycles of 
KE and KF 

- 2-3 maximal con/con cycles of 
KE and KF 

– Both legs evaluated 

– 5 maximal con/con cycles of KE 
and KF at 60º/s 

– 5 maximal con/con cycles of KE 
and KF at 180º/s 

– ROM: 0-90º 

NS between legs: data show the dominant leg 

Knee flexion 

- Con 60º/s: 7.1 %SEM; 0.95 ICC 

- Con 180º/s: 7.6 %SEM; 0.95 ICC 

Knee extension 

- Con 60º/s: 2.0 %SEM; 0.92 ICC 

- Con 180º/s: 9.5 %SEM; 0.89 ICC 

Symons et al. (2004) 

W (n = 25) 

Healthy old adults 

- No familiarization session 

- 2 evaluation sessions 

- 2-10 days between 
consecutive sessions 

- 5 min of bicycle ergometer (50 
rpm) 

- 3 submaximal cont at 50-60% of 
MVC 

- Both legs evaluated 

- 5 maximal ecc of KE at 90º/s 

- 5 maximal ecc of KE at 90º/s 

- ROM: 0-90º 

- 2 min rest between contr 

NS between legs: data show the average of both 
legs 

Knee extension 

- Con 90º/s: 18.9%ETM; 52.37 RLOA and 0.84 ICC 

Maffiuletti et al. (2007) 

M (n = 15) 

- No familiarization session 

- 2 evaluation sessions 

- 20 submaximal con (15º/s) and 
ecc (15º/s) contr of KE and KF 

- 3 maximal con of KE and KF at 
60º, 120º and 180º/s 

Knee flexion 

- Con 60º/s: 8.4% CV and 0.92 ICC 
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W (n = 15) 

Young adult recreational 
athletes 

 

- 7 days between consecutive 
sessions 

- Sitting position  with 85º of 
hip flexion 

- 3 maximal ecc of KF and KE at 
60º/s 

- ROM: 10-80º  

- 1 min rest 

- Con 120º/s: 6.9% CV and 0.96 ICC 

- Con 180º/s: 6.1% CV and 0.96 ICC 

- Exc 60º/s: 5.9% CV and 0.97 ICC 

Knee extension 

- Con 60º/s: 4.7% CV and 0.95 ICC 

- Con 120º/s: 3.4% CV and 0.98 ICC 

- Con 180º/s: 4.6% CV and 0.98 ICC 

- Ecc 60º/s: 7.3% CV ans 0.97 ICC 

Contr: contractions; con: concentric; ecc : eccentric ; KF: knee flexion (hamstring) ; KE: knee extension (quadriceps); º: degrees; s: seconds; CV: coefficient of variation ([standard deviation of 
two assessments/mean of two assessments] x 100); SEM

3
: standard error of measurement (SD √(1-ICC)); %SEM: SEM expressed as percentage according to the mean of the group; 95% 

LoA
2
; limits of agreement (1.96x √2x SEM

3
); ROM: range of motion (0º= complete extension); ICC: intraclass correlation coefficient; %diff: percentage of the difference = {(result test 1 - result 

test 2) / result test 1)] x 100; RLoA: parameter of limits of agreement (%TEM x 2.77). 
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Table 7: Studies which determine the absolute reliability of Total Work isokinetic strength parameter chronologically presented 

Reference Design Exploratory procedure 

Results 
Population 

Position of the evaluated 
subject 

Warm-up process Evaluation process 

Perrin (1986) 

M (n = 15) 

Healthy young adults 

- No familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- Sitting position (degree of hip 
flexion not indicated) 

 

- 3 submaximal con/con cycles of 
KE and KF at 60º/s 

- 3 maximal con/con cycles of KE 
and KF at 60º/s 

- 1 min rest between warm-up 
and evaluation processes 

- Both legs evaluates 

- 5 maximal con/con cycles of KE 
and KF at 60º/s 

- ROM: not specified 

- 2 min rest between the evaluation 
of one leg and another 

Knee flexion 

- Con 180º FR left: 0.94 ICC 

- Con 180º FR right: 0.96 ICC 

Knee extension 

- Con 180º FR left: 0.91 ICC 

- Con 180º FR right: 0.91 ICC 

Tredinnick et al. (1988) 

M (n = 14) 

Healthy young adults 

- 1 familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- Supine position (degree of 
hip flexion not indicated) 

- 4 submaximal con and ecc cont 
of KE at 60º, 120º and 180º/s 

- 1 maximal con and ecc contr of 
KE at 60º, 120º and 180º/s 

- 2 min rest between warp- up 
and evaluation process 

- Right leg evaluated 

- 3 maximal con and ecc contr of 
KE at 60º, 120º and 180º/s 

- ROM: not specified 

- 5s rest between con and ecc contr 

- 3 min rest between velocities 

Knee extension 

- Con a 60º/s: 0.85 ICC 

- Con a 120º/s: 0.95 ICC 

- Con a 180º/s: 0.80 ICC 

- Ecc a 60º/s: 0.68 ICC 

- Ecc a 120º/s: 0.72 ICC 

- Ecc a 180º/s: 0.86 ICC 

Li et al. (1996) 

M (n = 18) 

W (n = 12) 

Healthy young adults 

- 1 familiarization session 

- 2 evaluation sessions 

- 4-10 days between 
consecutive sessions 

- Sitting position with a hip 
flexion of 110º 

 

- 3 min stretching 

- 2 submaximal con/ecc cycles 

- 1 maximal con/ecc cycle 

- Both legs evaluated 

- 5 maximal con/ecc cycles of KE 
and KF at 60º/s 

- 5 maximal con/ecc cycles of KE 
and KF at 120º/s 

- ROM: not specified 

- 2 min rest between velocities 

- 3 min rest between muslces 

- 5 min rest between dominant and 
non-dominant leg 

 

Knee flexion 

- Con a 60º/s: 15.3 %diff; 0.76 ICC  

- Con a 120º/s: 9.1 %diff; 0.84 ICC 

- Ecc a 60º/s: 17.7 %diff; 0.78 ICC 

- Ecc a 120º/s: 14.7 %diff; 0.82 ICC 

Knee extension 

- Con a 60º/s: 10.0 %diff; 0.81 ICC 

- Con a 120º/s: 10.0 %diff; 0.84 ICC 

- Ecc a 60º/s: 18.5 %diff; 0.80 ICC 

- Ecc a 120º/s: 14.9 %diff; 0.80 ICC 

Pincivero et al. (1997) 

M (n = 10) 

W (n = 11) 

Healthy young adults 

- No familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions  

- Sitting position (degree of hip 
flexion not indicated) 

 

- 5 min of bicycle ergometer 
(60rpm) 

- Stretching excersises 

- 5 submaximal con/con cycles of 
KE and KF 

- 2-3 maximal con/con cycles og 
KE and KF 

– Both legs evaluated 

– 5 maximal con/con cycles of KE 
and KF at 60º/s 

– 5 maximal con/con cycles of KE 
and KF at 180º/s 

– ROM: 0-90º 

NS between legs: data show the dominant leg 

Knee flexion 

- Con 60º/s: 7.4 %SEM; 0.95 ICC 

- Con 180º/s: 7.4 %SEM; 0.95 ICC 

Knee extension 

- Con 60º/s: 8.9 %SEM; 0.89 ICC 

- Con 180º/s: 9.6 %SEM; 0.88 ICC 
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Symons et al. (2004) 

W (n = 25) 

Healthy old adults 

- No familiarization session 

- 2 evaluation sessions 

- 2-10 days between 
consecutive sessions 

 

- 5 min of bicycle ergometer 
(50rpm) 

- 3 submaximal cont at 50-60% of 
MVC 

- Both legs evaluated 

- 5 maximal con of KE at 90º/s 

- 5 maximal ecc of KE at 90º/s 

- ROM: 0-90º 

- 2 min rest between contr 

 

NS between legs: data show the average of both 
legs 

Knee extension 

- Con 90º/s: 10.9%TEM; 30.2 RLOA y 0.91 ICC 

Ordway et al (2006) 

M (n = 16) 

W (n = 17) 

Healthy old adults 

- 1 familiarization session 

- 2 evaluation sessions 

- 7-10 days between 
consecutive sessions 

- 3 submaximal con/con cycles og 
KE and KF 

- Dominant leg evaluated 

- 5 maximal con/con cycles of KF 
and KE at 60º and 240º/s 

- ROM: not specified 

- 1 min rest between velocities 

Knee flexion 

- Con 60º/s: 18 SEM
2
; 31 %SEM 

- Con 240º/s: 16 SEM
2
; 51.6 %SEM 

Knee extension 

- Con 60º/s: 24 SEM
2
; 18.5 %SEM 

- Con 240º/s: 18 SEM
2
; 24.2 %SEM 

Maffiuletti et al. (2007) 

M (n = 15) 

W (n = 15) 

Young adult recreational 
athletes 

 

- No familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

- 20 submaximal con (15º/s) and 
ecc (15º/s) contr of KF and KE 

- 3 maximal con of KF and KE at 
60º, 120º and 180º/s 

- 3 maximal ecc of KF and KE at 
60º/s 

- ROM: 10-80º 

- 1 min rest 

Knee flexion 

- Con 60º/s: 3.8% CV and 0.97 ICC 

- Con 120º/s: 5.5% CV and 0.97 ICC 

- Con 180º/s: 4.1% CV and 0.98 ICC 

- Ecc 60º/s: 5.7% CV and 0.97 ICC 

Knee extension 

- Con 60º/s: 4.1% CV and 0.96 ICC 

- Con 120º/s: 3.7% CV and 0.97 ICC 

- Con 180º/s: 4.0% CV and 0.98 ICC 

- Ecc 60º/s: 7.2% CV and 0.97 ICC 

Sole et al. (2007) 

M (n = 11) 

W (n = 7) 

Athletes with different 
levels of performance 

 

- No familiarization session 

- 2 evaluation sessions 

- 7 days between consecutive 
sessions 

 

- 10 submaximal cona and ecc 
contr 

- 2 maximal con and ecc contr 

- Dominant leg evaluated 

- 2 maximal con/ecc cycles of KE at 
60º/s 

- 3 maximal con/ecc cycles og KF at 
60º/s 

- ROM: 0-85º 

- 15s rest between cycles 

Knee flexion 

- Con 60º/s: 6.5 SEM
3
; 7.7 %SEM

3
; 18.1 95% 

LoA
2
; 21.4 RLoA

2
; 0.91 ICC 

- Ecc 60º/s: 7.8 SEM
3
; 7.8 %SEM

3
; 21.6 95% 

LoA
2
; 21.7 RLoA

2
; 0.93 ICC 

Knee extension 

- Con 60º/s: 5.1 SEM
3
; 4.4 %SEM

3
; 14.2 95% 

LoA
2
; 12.3 RLoA

2
; 0.96 ICC 

- Ecc 60º/s: 6.8 SEM
3
; 4.3 %SEM

3
; 19.0 95% 

LoA
2
; 12.1 RLoA

2
; 0.96 ICC 

Contr: contractions; con: concentric; ecc : eccentric ; KF: knee flexion (hamstring) ; KE: knee extension (quadriceps); º: degrees; s: seconds; CV: coefficient of variation ([standard deviation of 
two assessments/mean of two assessments] x 100); SEM

3
: standard error of measurement (SD √(1-ICC)); %SEM: SEM expressed as percentage according to the mean of the group; 95% 

LoA
2
; limits of agreement (1.96x √2x SEM

3
); RLoA

2
: 95% LoA

2
 expressed according to the percentage of the mean of the group; %TEM: Typical error of measurement expressed in % 

(([antilog {SD (test 1 - test 2) / √ 2}] x 100) - 100). 
. 
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Regarding the effect of angular velocity on the magnitude of intercessions 
variability, it is possible that there was no relationship between these two 
variables, so that TW reliability could not be influenced by the angular velocity 
used during the evaluation process (table 7).  

 

Finally, table 7 shows a slight tendency to achieve better results of absolute 
reliability of TW during the knee extension movement compared to knee flexion 
joint movement, no matter the angular velocity used during the exploratory 
process. 

 

It is important to highlight the theoretical character of all previously mentioned 
considerations, due to the high heterogeneity present in the exploratory 
procedures of the different studies selected for the analysis. 

 

5. LIMITATIONS OF THE ISOKINETIC EVALUATION ACCORDING TO 
SCIENTIFIC LITERATURE 

 

5.1. Importance of the different isokinetic strength parameters in the 
scientific literatura 

 

There are many scientific studies aimed to determine absolute reliability of the 
different isokinetic strength parameters. Most of them are focused on the 
analysis of PT (n=17) and TW (n=8) isokinetic strength parameters, while less 
are aimed to determine the error of measurement of the AP isokinetic strength 
ratio (n=5), and those studies which evaluate the reproducibility of the APT 
isokinetic strength ratio (n=2). 

 

5.2. Importance of the different angular velocities in the scientific 
literature 

 

The telescopic boom of modern isokinetic dynamometers can move at angular 
velocities ranging from 30º to 500º/s. Sports actions generally require quick and 
explosive movements with a short time of force application (200-500 ms) 
(Cronin, McNair & Marshall, 2001). 

 

Therefore, theoretically, isokinetic evaluation should use moderate-high angular 
velocities (180º-300º/s) if the aim is to reflect the reality of sports actions and 
with that to increase the ecologic validity of the exploratory procedure. 

 

However, only Iga et al. (2006) and Ordaway et al. (2006) used angular 
velocities higher than 180º/s in their exploratory procedures (240º/s in both 
studies). The evaluation of isokinetic strength parameters using moderate and 
high angular velocities (180º-300º/s) could be very helpful for doctors, trainers 
and other members of the physical activity and sports field, since it could 
(theoretically) provide data which reflect strength values closer to the sports 
reality, and which help to prevent the main disadvantage of the isokinetic 
evaluation: little contextualization of its evaluation actions. 
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Therefore, there is a clear need of studies which determine the reproducibility of 
quick isokinetic actions as an essential previous requirement to justify its use in 
exploratory procedures. 

 

5.3. Aspects related to the procedures for isokinetic evaluation 

 

A measurement reliability may be affected by several factors, such as the 
following: (a) the complexity of the movement evaluated (learning bias), (b) if 
the assessment is carried out by one examiner (intra-examiner reliability), (c) 
environmental factors such as temperature and the moment of the day, (d) 
previous warm-up exercises or not, (e) and even the characteristics of the 
population evaluated (scholars, healthy young adults, people with pathologies) 
(Hopkins, 2000). 

 

In this sense, and in the context of isokinetic exploration, Keating and Matyas 
(1996) consider that the learning bias, the position adopted by the subject and 
the range of motion evaluated could be three of the main aspects to control for 
obtaining a stable measurement to isokinetic strength parameters. 

 

As a result, in the following there is an analysis of the effect that learning bias, 
the subject’s position and the range of motion could have on the results 
obtained in an isokinetic evaluation. 

 

5.3.1. The learning effect 

 

Isokinetic tests require the cooperation of the patient during the evaluation 
procedure, which could obtain better results after the repetition of the test a 
short period of time later. This is known as learning effect. If learning effect 
appears, this means that the evaluated subject is able to obtain better isokinetic 
strength results in the last measuring (compared to the first one) provided that 
they have been measured two or more times separated by a few minutes. 
Learning effect could negatively affect in the evaluation of the measurement 
reliability (Thomas y Nelson, 1990). 

 

Despite the specific, and new in many occasions, neuromuscular demands that 
the isokinetic evaluation requires from the evaluated subject, few studies have 
researched the number of repetitions needed to obtain stable values of the 
measurement during the evaluation session (intra-session stability) (Lund et al., 
2005; Madsen, 1996; Madsen & Lauridsen, 1995). 

 

Lund et al. (2005) studied the learning effect of the isokinetic test during 4 
maximal repetitions of knee flexion and extension, separated by 20 minutes with 
healthy young adults (n=33). These authors reported that no learning effect 
appears between the first four repetitions of knee flexion and extension, even 
though they realize that the best results for knee flexion (non significant) were 
obtained in the first repetition.  

 

The conclusions obtained by Lund et al. (2005) were not supported by several 
previous studies (Burdett and Swearingen, 1987; Friedlander, Block, Byl, 
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Tubbs, Sadowsky & Genant, 1991; Kues, Rothstein & Lamb, 1992; Murray, 
Gardner, Mollinger & Sepic, 1980), although they were by some more recent 
ones (Madsen, 1996; Madsen & Lauridsen, 1995). Therefore, there are several 
studies which showed that the results obtained in the second and following 
repetitions are statistically higher than those obtained in the first measurement 
(systematic bias). Along this line, Kues, Rothstein and Lamb (1992), based on a 
visual analysis of the data obtained in the knee evaluation, concluded that 
subjects should be evaluated using four maximal repetitions and selecting the 
highest result obtained (quantitatively) as the measurement in maximal effort. 

 

Keatin and Matyas (1996) after analyzing in minute detail the factors that could 
have an influence on the measurement stability, claim that to control certain 
aspects on the exploratory procedure may decrease its variability: (a) a 
familiarization session of the exploratory procedure several days before its start-
up; (b) a previous warm-up process; (c) an appropriate stabilization of the 
subject to be evaluated; (d) a correct alienation of the axis of rotation of the joint 
with the axis of rotation of the dynamometer; (e) and an exact length selected 
for the telescopic boom. 

 

Along this line, Keatin and Matyas (1996) consider that if the previous 
requirements are respected, two repetitions could be necessary to obtain 
measurement stability if low angular velocities are used (0º-90º/s), three 
repetitions for moderate-high velocities (90º-180º/s) and four for high velocities 
(> 180º/s). 

 

On the other hand, studies which analyze the learning effect of isokinetic 
measurements (mainly the Peak Torque) during several days (inter-session) 
report, generally, the non-existence of learning bias in the obtained results 
(Dauty and Rochcongar, 2001; Deighan, De Ste Croix & Armstrong, 2003; Iga 
et al., 2006; Impellizzeri et al., 2008; Kellis et al., 1999; Li et al., 1996; Maffiuletti 
et al., 2007; Sole et al., 2007). However, knee flexion and extension movements 
and the evaluation under high velocities seem to be the variables more 
susceptible to alteration from one session to another (learning bias) (Iga et al., 
2006; Maffiuletti et al., 2007). 

 

Glesson & Mercer (1992), after evaluating the inter-session variation (5 days 
between consecutive sessions) of the performance of the isokinetic strength in 
physically active women and men they concluded that after a familiarization 
session, measurement variability could be related to biological and 
technological variation and to the error of measurement connected to learning 
effect. 

 

5.3.2. Position adopted by the evaluated subject 

 

The position of the person is one of the most important aspects that a doctor 
must bear in mind when designing his or her exploratory procedures (Keating & 
Matyas, 1996). In this sense, isokinetic devises allow to evaluate muscle 
function of the knee joint by adopting different positions, for instance the sitting 
position with a hip flexion of 80º-100º (Kellis et al., 1999; Li et al., 1996; 
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Maffiuletti et al., 2007; Lund et al., 2005), although certain studies prefer supine 
position (Worrell, Denegar, Armstrong & Perrin, 1990; Worrell, Perrin & 
Denegar, 1989), or prone position (Worrell, Perrin & Denegar, 1989). 

 

Studies which have determined the effect of the body position on the results 
obtained in the isokinetic evaluations of knee flexion and extension movements 
report that the production of concentric and eccentric strength is influenced by 
the body position (Curner, 1977; Figioni, Christ & Massey, 1988; Lunnen, Yack, 
Leveau, 1981; Gordon, Huxley, Julian, 1986; Worrell, Denegar, Armstrong & 
Perrin, 1990; Worrell, Perrin & Denegar, 1989). 

 

!! !! !! !
!
Figura 1: principales posiciones adoptadas por los sujetos evaluados durante una 
evaluación de la fuerza isocinética de la flexión y extensión de rodilla: a) 
sedentación, b) tendido prono y c) tendido supino 

a) b) c) 

 
Figure 1: main participant testing positions adopted during an isokinetic kne flexion and 

extensión strength assessment: a) seated, b) lying prone and c) lying supine 

 

These studies’ results show that the maximal strength of knee flexors and 
extensors was significantly lower in prone and supine positions than in a sitting 
position (Figioni, Christ & Massey, 1988; Lunnen, Yack & Leveau, 1981; 
Worrell, Perrin & Denegar, 1989). Therefore, Lunne, Yack and Leveau (1981) 
studied the maximum isometric force of the knee flexor muscles at 60º of knee 
flexion, and adopting positions of hip flexion at 0º, 45º, 90º and 135º. These 
authors discovered that the isometric force of knee flexor muscles was 
significantly lower in the position of 0º of hip flexion than the obtained with 
positions of 90º and 135º of flexion. Worrell, Perrin and Denegar (1989) 
compared the isokinetic strength of concentric knee flexion and extension in 
sitting and supine positions with university students (n=12). These authors also 
found higher strength values of knee flexion and extension movements in a 
sitting position rather than a supine position. 

 

The mechanism that could explain this strength decrease according to the body 
position may be related to the force-position curve, which describes the 
optimum length where a muscle can develop the maximum force (Gordon, 
Huxley & Julian, 1986). Along this line, Worrell, Perrin and Denegar (1989) 
suggest that in hip flexions lower than 60º and higher than 135º, both knee 
flexor and extensor muscles are in an unfavorable position to allow actin and 
myosin cross-bridges slide efficiently. 

 

Worrell, Perrin and Denegar (1989) discovered that the decrease in the strength 
of knee flexors was double to that suffered by knee extensors when comparing 
sitting and lying positions. These authors consider that a possible explanation 
could lie in the fact that if quadriceps are considered the main knee extensors 
and hamstrings the main knee flexors, three of the muscles that form the 
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quadriceps do not cross the hip joint, while the three muscles that form the 
hamstring cross both the hip joint and the knee. Therefore, Worrell, Perrin and 
Denegar (1989) claims that hamstring muscles could be more susceptible to 
suffer variations in the magnitude of its strength when modifying the hip 
position. 

 

From the ecological validity perspective, several studies suggest to evaluate the 
knee muscles function by using lying positions, since this position reflects with 
higher accuracy the hip position when a sportsman is running at the highest 
speed (main injury mechanism of the hamstring muscle and the ACL) (Worrell 
et al., 1990; Worrell, Perrin & Denegar, 1989). 

 

Worrell et al. (1990) studied the effect of prone and supine positions on maximal 
concentric and eccentric isokinetic strength of knee flexors with lacrosse players 
(n=12). The results showed that supine position had a decrease of 36% and 
31% of the maximal concentric and eccentric strength respectively compared to 
the prone position. Worrell et al. (1990) suggest that a possible explanation for 
this phenomenon could lie in the influence of certain postural reflexes 
(vestibular labyrinthine reflex, neck symmetric and asymmetric reflex) on the 
hamstring muscle tone. This study finally suggests that the evaluation of the 
knee muscles function should be in prone position, since it is the closest to the 
sports reality of actions and it facilitates an optimal force generation. 

 

Surprisingly, only Tredinnick and Ducan (1988) use the lying position to 
evaluate the absolute reliability of the PT isokinetic strength ratio. Therefore, the 
need to address the study of absolute reliability of the different isokinetic 
strength parameters adopting different positions seems clear in order to try to 
determine what position of the evaluated subject allow to obtain the best 
measurement stability over time. 

 

5.3.3. Range of motion evaluated  

 

The joint range of motion to be evaluated is one of the most relevant variables 
of the exploratory procedure. Scientific studies which analyze absolute reliability 
of the different isokinetic strength parameters of knee flexion and extension 
generally use two types of range of motion: (a) from 0º (total knee extension) to 
90º-100º of knee flexion (Arnold, Perrin & Hellwing, 1993; Dauty & Rochcongar, 
2001; Deighan, De Ste Croix & Armstrong, 2003; Dervisevic et al., 2006; Kellis 
et al., 1999; Lund et al., 2005; McCleary & Andersen, 1992; Pincivero, Lephart 
& Karunakara, 1997; Sole et al., 2007; Symons et al., 2004); and (b) from 10º to 
80º-90º of knee flexion (Iga et al., 2006; Impellizzeri et al., 2008; Maffiuletti et 
al., 2007). 

 

In addition, most of isokinetic strength ratio reliability studies take the variables 
to evaluate from the whole joint range of motion, without focusing on neither 
specific ranges of motion or specific angles. 

 

The study of the magnitude of isokinetic strength parameters obtained during 
ranges of motion and/or specific angles seem to be gaining importance in the 
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last years, especially in the field of injury rehabilitation and prevention. For 
instance, it is well known that knee flexor muscles act as synergistic muscles 
(active ligament) and as protective structures of the anterior cruciate ligament 
(ACL). This last function is of vital importance in angles from 0º to 40º of knee 
flexion during quick dynamic actions, where the ACL has to support the 
maximum stress, due to the tensile strength executed by knee extensors 
(Beymnnon, Johnson, Abate, Fleming & Nichols, 2005; Solomonow, Baratta & 
D´Ambrosia, 1989). Therefore, the study of the magnitude of isokinetic strength 
parameters taken from the range of motion from 0º to 40º could provide very 
interesting information to doctors and other professionals in the field of physical 
and sports rehabilitation about the dynamic knee stability (Kellis & Katis, 2007). 

 

However, only Arnold, Perrin and Hellwing (1993) and Dervisevic et al. (2006) 
focus on studying absolute reliability of isokinetic strength parameters in specific 
angles and ranges of motion. In this sense, Arnold, Perrin and Hellwing (1993) 
determine the reproducibility of the PT in angles 30º, 60º and 75º of knee 
flexion, while Dervisevic et al. (2006) focus on the range from 30º to 60º of knee 
flexion. 

 

Therefore, the lack of scientific information related with absolute reliability of 
isokinetic strength parameters in specific ranges of motion and angles show the 
clear need of scientific studies which focus in this matter. 

 

6. CONCLUSIONS 

 

Despite the generalized use of isokinetic devises to evaluate and monitor knee 
muscle functions after using intervention programs, the scientific evidence 
related to the magnitude of the change needed in the different isokinetic 
strength parameters that express a real change beyond the measurement error 
bias is quite limited. 

 

Therefore, it is important to carefully consider the following conclusions: 

 

 PT and TW isokinetic strength parameters seem to present a moderate-
high absolute reliability (SEM and TE < 10%), no matter the evaluated 
muscle contraction (concentric and eccentric), the angular velocity 
selected (low, moderate and high) and the joint movement (knee flexion 
and extension). In addition, it seems to be a tendency that suggests that 
concentric muscle contraction presents a lower inter-session variability 
compared to eccentric contraction. 

 

 AP isokinetic strength ratio seems to have moderate absolute reliability 
(SEM and TE ≈ 10-15%). There is not enough scientific evidence to allow 
the evaluation of the influence of variables such as the type of 
contraction, angular velocity and muscle action on the measurement 
stability. 

 

 APT absolute reliability has not been appropriately established. The few 
studies with this aim (n=2) show very controversial results. Therefore, 
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doctors, physical coaches and other members of the physical and sports 
field must use it cautiously. 

 

 More scientific studies which evaluate absolute reliability of AP and APT 
are needed. 

 

 There is a clear scientific gap in relation to the effect that different 
positions (supine, prone and sitting positions) could have on the degree 
of inter-session variability. 

 

 It is essential to study absolute reliability of isokinetic strength 
parameters using high angular velocities, since they reflect with more 
accuracy the physical and sports reality, and it would improve the 
ecological validity of the results obtained. 
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