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The Effect of Isokinetic Testing Speed on the Reliability of Muscle Fatigue 

Indicators During a Hip Fatigue Protocol 

 

Abstract 

 

The aim of this study was to investigate the reliability of fatigue indicators calculated from 

peak torque and total work during isokinetic speeds of 60, 90, 120 and 180° · s-1 during a 

hip fatigue protocol. Ten males suffering from a history of unilateral functional ankle 

instability and ten male healthy controls performed five maximal concentric contractions 

on an isokinetic dynamometer. Following a four minute rest period subjects were 

instructed to perform repeated maximal concentric contractions to fatigue, which was 

defined as three consecutive repetitions below 50% of the maximum peak torque value. 

Each testing speed was randomised with 24 hours between speeds. The subjects were 

asked to return to the laboratory seven days later to repeat the four speeds, with 24 hours 

between speeds. Muscle fatigue was determined for each testing speed by the fatigue 

index, the percent decrease in performance and the slope of the regression equation. The 

most reliable fatigue determination method was the slope of the regression equation, 

when testing at a speed of 120° · s-1. It is recommended that future investigators examine 

and plot their data before choosing the slope of the regression equation as their fatigue 

indicator, as a linear model is required.  
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equation. 

 

Introduction 

 

Hislop and Perrine [2320] originally introduced the concept of isokinetic dynamometry in 

1967. Since then it has become a popular method for the assessment of muscle 

performance, using common parameters such as peak torque and total work [1916]. 

Recently, isokinetic dynamometry has been the favoured choice for fatigue assessment 

[3, 75].  

 

Fatigue has been defined as any reduction in the force generating capacity of the total 

neuromuscular system regardless of the force required in any given situation [2]. The 

ability to objectively document muscle fatigue has been an area of concern in both 

research and clinical settings [2017]. Researchers and healthcare professionals should 

adopt a reliable method to quantify this manifestation of exercise. The development of 

isokinetic dynamometry has provided a stepping stone towards objectively measuring 

muscle fatigue. It should be kept in mind that the reliability of isokinetic testing for a 

desired protocol should be sufficient so that measures for training or injury induced 

changes in muscle ability are not attributed to instrument or testing error. 

 

It has been consistently demonstrated that isokinetic peak torque and total work are 

reliable measures [3, 4, 21, 39, 4318, 33, 37]. In regards to the assessment of muscle 
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fatigue using this modality, research is sparse and questionable reliability values have 

been demonstrated [19, 30, 3916, 26, 33]. Furthermore, the vast majority of studies using 

isokinetic methods have focused on peak torque, rather than total work [2017]. Peak 

torque represents only one point of the moment-angular position curve, the highest one 

[3]. It may not adequately describe other torques developed throughout the movement. 

This is the reason why total work, which represents the area under the curve [2320], 

should also be considered. This parameter accounts for the overall adaptation of the 

curve, not only its highest value.   

 

There is also a lack of consensus in the literature regarding the techniques used to 

calculate fatigue. The original recommendations proposed by Thorstensson and Karlsson 

[4638] stated that muscle fatigue should be measured with the fatigue index (FI), 

calculated as the ratio of the average peak torque of the last three contractions to the 

average peak torque of the first three contractions [3]. More recently, Pincivero et al. 

[3933] acknowledged that given the linear nature of the relationship between the total 

work of each contraction and the number of maximal concentric contractions, the slope of 

the regression equation would be more appropriate to determine the rate of decrease of 

total work and thus to estimate muscle fatigue. Although not specific to isokinetic 

dynamometry, Glaister et al. [1815] quantified muscle fatigue during repeated maximal 

sprints using the percent decrement score; they argued the suitability of this method since 

it considered data from each effort in its calculation. 

 

To date, the knee has been the focus for the majority of the isokinetic dynamometry 

reliability studies [3, 4, 12, 21, 4310, 18, 37], with limited studies focusing on the hip [6, 
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404, 34]. In addition to this there is negligible research investigating the reliability of 

different muscle fatigue indicators [3]. At present, there has been no research on the 

development of a reliable fatigue protocol of the hip musculature. 

 

The validity of isokinetic dynamometry has repeatedly been demonstrated [10, 25, 27, 37, 

51]. Taylor et al. [45] demonstrated the mechanical validity of the Biodex isokinetic 

dynamometer in relation to human torque, joint position and limb velocity. More specifically, 

the validity of a hip abduction protocol (r=0.65) has previously been shown by Katoh et al. 

[29]. 

 

Reliability studies are frequently performed on healthy populations [3, 4, 43, 45], however, 

isokinetic dynamometry is commonly used to test subjects that are recovering from injury. 

It is important that equipment is shown to be reliable in healthy populations, but also that 

it is reliable in persons that have recovered from injury. The lateral ligament complex is 

the most frequently injured structure in the ankle joint [50], representing 45% [30] to 95% 

of all ankle sprains [35]. The incidence of functional ankle instability (FAI) exhibiting 

residual symptoms such as feelings of instability, giving way, pain or re-injury, has varied 

from 10% [14] up to 80% in ankle sprain sufferers [44]. Many sufferers of FAI go months 

or years without suffering an ankle sprain, and are therefore termed healthy patients but 

with a history of FAI. Clinicians and health professionals in sport will often use isokinetic 

dynamometry to test this population, as well as healthy individuals, throughout the 

sporting season. It is therefore important that the equipment used is reliable in both 

healthy subjects, and patients with a history of FAI. 
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It has been suggested that the hip abductors play a critical role in controlling foot 

placement during ambulation. A deficit at the hip abductors may alter foot placement, 

causing the foot to contact the ground in a more adducted position [1512]. In patients with 

FAI functional ankle instability (FAI) this potentially increases the chance of rolling over on 

the ankle and sustaining a lateral ankle sprain. In addition to this, the added factor of 

localised hip muscle fatigue in FAI sufferers may further increase the probability of 

suffering an ankle sprain [1512]. 

 

Therefore, the purpose of this study was to determine the effect of isokinetic testing 

speed on the relative and absolute reliability of the fatigue index, percent decrease in 

performance and slope of the regression equation during a hip fatiguing protocol, in 

subjects with a history of FAI patients and healthy controls. 

 

Method 

 

Subjects 

 

A convenience sample was used to recruit ten male subjects with a history of unilateral 

functional ankle instability Ten male subjects who suffered from unilateral functional ankle 

instability (age = (Mean + SD) 21.05 + 4.35 years, height = 178.95 + 5.50 cm, and mass = 

78.65 + 6.63 kg) and ten male healthy controls (age = 20.5 + 3.35 years, height = 180.45 

+ 5.71 cm, and mass = 79.25 + 6.21 kg) were recruited for this study. Nineteen subjects 

with a history of FAI volunteered for the study, of which ten matched the inclusion and 
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exclusion criteria. Ten healthy subjects were then matched for age, weight and height, out 

of seventeen healthy volunteers. 

 

Functional ankle instability has been defined as the subjective feeling of ankle instability 

or recurrent, symptomatic ankle sprains (or both) due to the proprioceptive and 

neuromuscular deficits [1512]. However, the subjects with a history of FAI in the present 

study had not suffered an ankle sprain for a minimum of 6 months, so were currently 

deemed healthy but with a history of FAI. Institutional ethical approval was granted for this 

study, and all subjects provided written informed consent before participation. This study 

was conducted in accordance with recognised ethical standards and national/international 

laws [2219]. Inclusion criteria included males, aged 18-25 years, who participated in semi-

professional football (two training sessions and one match per week) and who were right 

leg dominant. The dominant leg was defined as the preferred kicking leg and in the 

unilateral FAI group the right ankle was the injured ankle. 

 

Subjects were excluded from the study if they had a cold, flu, inner ear or sinus infection 

in the last two weeks, if they suffered from any musculo-skeletal injuries, knee or hip 

injuries, fractures to the lower limbs in the last year, or if they suffered from visual 

impairments, vestibular deficits, or signs of injury such as pain or swelling in their ankles. 

The subjects with a history of FAI subjects were required to fill out the FAI questionnaire. 

Developed by Hubbard and Kaminiski [2622] this validated questionnaire required 

subjects to answer “yes” to questions 3, 5, 6, 7 and 9, and “no” to questions 4, 8 and 10. 

Following satisfactory completion of the questionnaire, both of the subject‟s ankles were 

examined by the investigator to rule out mechanical instability via the anterior drawer and 
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talar tilt test. These tests have been proven as valid [1, 97], however, Bahr et al. [1] 

suggested that the sensitivity of these tests were improved when the anterior drawer test 

was performed with the ankle in a plantar-flexed position, and the talar tilt test was 

performed with the ankle in a dorsi-flexed position. The subject‟s opposite uninjured ankle 

acted as the control. 

 

Experimental Design 

 

Subject‟s age, mass and height was recorded. Testing was performed on the Biodex System 

2 Isokinetic Dynamometer (Biodex Medical Systems, Shirley, New York). The system 

reliability of the Biodex dynamometer has been shown to be high, with Intraclass Correlation 

Coefficient‟s (ICC (2,1)) ranging from 0.92-0.98 for peak torque, 0.88 to 0.97 for total work and 

0.86 to 0.97 for average power [4]. with an Intraclass Correlation Coefficient (ICC (2,1)) of 0.99 

for position, peak torque and velocity [8]. The Biodex was set up according to the Biodex 

System 2 Manual,. and was calibrated according to manufacturer‟s specifications prior to 

testing. The cushion control was set to zero, to allow the subject the greatest availability of 

velocity attainment prior to deceleration [5]. All subjects completed a practice session on the 

isokinetic dynamometer a week prior to the main testing procedure. 

 

Subjects were required to lie on their side (facing away from the dynamometer power head) 

with the tested hip (right) superior to the opposite hip. The knee of the tested leg was 

extended, and the opposite knee was flexed at 90°. The axis of the dynamometer was 

aligned superior and medial to the greater trochanter of the tested leg. The subject‟s right leg 

was attached to the Biodex hip attachment, superior to the lateral knee joint line. The 
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subject‟s range of motion was set between 0-45° of abduction. The degrees of motion were 

set based on the average limitations of hip motion in healthy individuals [11, 33, 41 9, 28, 

35]. The torso and pelvis were stabilised using the straps of the dynamometer and the 

subject‟s top hand grasped the border of the chair. The side lying single chair hip 

abduction/adduction protocol was chosen, as opposed to a standing hip abduction/adduction 

protocol, due to the chair and straps of the isokinetic dynamometer being able to control for 

torso and pelvis movement. It may be argued that standing hip abduction/adduction has 

more relevance to walking, however, the design of the system 2 dynamometer does not 

allow for support of the torso and pelvis during the standing protocol. Weir et al. [47] found a 

decrease in peak torque when extraneous artifacts were not controlled for. The authors 

stated that strict stabilization of the torso was necessary to eliminate these extraneous 

artifacts, and allow the subject to develop maximum peak torque values. Therefore, the side 

lying abduction/adduction protocol was deemed more appropriate in the present study, as 

any unnecessary torso or pelvis movement could be limited. 

 

The subject was then instructed to perform five isokinetic maximal repetitions, to determine 

their maximum peak torque. Each subject was instructed to push their leg upwards 

(abduction) and pull their leg downwards (adduction) as hard and as fast as possible. The 

maximum peak torque value was established and subjects were given a four minute rest 

period [4236]. Following this, subjects were instructed to abduct and adduct their hip 

repeatedly as hard and as fast as possible until they reached fatigue. Fatigue was defined as 

three consecutive repetitions below 50% of the maximum peak torque value [11, 16, 429, 

13]. The same strong verbal encouragements were given to each subject throughout the test 

to motivate them to develop maximal torque during each repetition [3429]. Each testing 



 

 

 9 

speed (60, 90, 120 and 180° · s-1) was randomised with a minimum of 24 hours between 

speeds. The subjects were then given a seven day rest period, and were asked to return to 

the laboratory to repeat the four speeds again with a minimum of 24 hours between speeds. 

Therefore, each subject visited the laboratory on eight separate occasions to complete all 

testing sessions. Subjects were asked to refrain from any vigorous exercise during the week, 

and were tested at the same time of day to reduce the effect of diurnal variation. 

 

The validity of isokinetic dynamometry has repeatedly been demonstrated [21, 23, 31, 40]. 

Drouin et al. [8] also demonstrated the mechanical validity of the Biodex isokinetic 

dynamometer in relation to torque, position and velocity (<300° · s-1). More specifically, the 

validity of a hip abduction protocol has previously been shown by Katoh et al. [25] (r=0.65). 

This paper aims to exclusively assess absolute and relative reliability. 

 

Data Analysis  

 

It has previously been shown that there is an inverse relationship between load range and 

velocity during concentric contractions [5]. Brown et al. [5] stated if the pre-set velocity is not 

reached the result is an absence of machine offered resistance. All velocities (60, 90, 120 

and 180° · s-1) were reached by all subjects in the present study, but load range did show an 

inverse relationship to velocity (figure 1), as previously stated by Brown et al. [5]. Therefore, 

prior to analysis of the peak torque and total work data, all data was reduced for load range.  

 

Peak torque (N·m) and total work (J) were calculated for each repetition, following load range 

reduction, and totalled to compute cumulated performance. Muscle fatigue was only 



 

 

 10 

determined for the hip abductors, as the gluteus medius was the focused muscle for the 

fatigue protocol, due to its stabilising role in the frontal plane at the hip. Hip abductor muscle 

fatigue was determined when the procedure was performed at 60, 90, 120 and 180° · s-1. 

Fatigue was calculated by the following three methods: the fatigue index [2824], the slope of 

the regression equation [3933] and the percent decrease in performance [1815]. The fatigue 

index was calculated by the following equation: 

 

FI = 100 – ((Average performance of last 3 reps/Average performance of first 3 reps) x100) 

 

Where performance represented peak torque or total work. The slope was determined via 

linear regression by plotting performance (i.e. peak torque or total work) against each 

repetition, for each subject. The slope of the regression line was added to the graph, and 

using the mathematical formula y = mx + c, the m value was taken as the slope, which 

represented the rate of decrease in performance during the test. The percent decrease in 

performance was calculated by the following equation: 

 

DP = 100 – ([(Cumulated performance/(Maximal performance x n)]) x 100) 

                      

Where performance represented peak torque or total work, maximal performance 

represented PTmax or TWmax and n was the number of repetitions.  
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Statistical Analysis 

 

Using SPSS (Version 19.0) normal Gaussian distribution of the data was verified by the 

Shapiro-Wilk test. Systematic bias, which refers to a difference in measurements in a 

particular direction between repeated tests, was assessed with seven [peak torque (3 fatigue 

indicators) and total work (3 fatigue indicators) and number of repetitions to fatigue] three-

way [group (healthy or healthy with a history of FAI) × speed (60, 90, 120 and 180° · s-1) × 

time (first week testing or second week testing)] mixed factorial analysis of variance 

(ANOVA) (p < 0.05). The two within-subject factors were speed and time of test, and the 

between-subject factor was group type. Sphericity was verified for all data being compared 

by the Mauchley test. Systematic bias, which refers to a difference in measurements in a 

particular direction between repeated tests, was assessed with a 2-tailed paired samples t-

test (p < 0.05). 

 

Relative reliability was assessed by calculating the ICC (2,1). Weir et al. [48] stated that for 

test-retest situations, the design dictates that trials are crossed with subjects and therefore 

lend themselves to analysis by 2-way models. These authors also stated that the 2-way 

model addressed both systematic and random error, therefore ICC equation 2,1 should be 

used. An ICC above 0.90 was considered very high, between 0.70 and 0.89 as high, 

between 0.50 and 0.69 as moderate, and below 0.49 as low [3630]. Currier [86] suggested 

that an ICC value > 0.80 was acceptable for clinical work. From the ICC value the Standard 

Error of Measurement (SEM) was calculated, which represented absolute reliability. It has 

been argued that the 2-way model ICC should be used when calculating the SEM as the 
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systematic and random errors are considered separately [24, 48]. The SEM was calculated 

using the following formula: 

 

SEM = SD√1-ICC 

 

Where SEM = standard error of measurement, SD = the standard deviation of the sample, 

and ICC = the calculated intraclass correlation coefficient.  

 

Results 

 

Peak torque 

The three-way mixed factorial ANOVA showed no significant differences for the three fatigue 

indicators (fatigue index, percent decrease in performance and the slope of the regression 

equation) between the first week and second week of testing. There were also no significant 

differences between the two groups tested (healthy and healthy with a history of FAI), or the 

four speeds tested (60, 90, 120 and 180° · s-1) when observing all peak torque data. When 

studying the relative reliability results for the healthy subject‟s peak torque (table 1) the 

values ranged from moderate to very high depending on which fatigue determination method 

was used. The fatigue index showed moderate to high relative reliability, with speeds 60, 90, 

120 and 180° · s-1 showing ICC results of 0.60, 0.74, 0.88 and 0.78, respectively. Absolute 

reliability for the fatigue index showed SEM values of 0.94%, 1.14%, 1.03% and 1.36%, for 

speeds 60, 90, 120 and 180° · s-1, respectively. The percent decrease in performance 

method showed high relative reliability, with speeds 60, 90, 120 and 180° · s-1 showing ICC 

results of 0.78, 0.85, 0.88 and 0.77, respectively. Absolute reliability for the percent decrease 
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in performance showed SEM values of 0.93%, 0.64%, 0.52% and 0.94%, for speeds 60, 90, 

120 and 180° · s-1, respectively. The slope of the regression equation showed high to very 

high relative reliability, with speeds 60, 90, 120 and 180° · s-1 showing ICC results of 0.85, 

0.91, 0.93 and 0.91, respectively. Absolute reliability for the slope of the regression equation 

showed SEM values of 0.06%, 0.08%, 0.02% and 0.07% for speeds 60, 90, 120 and 180° · 

s-1, respectively. The slope of the regression equation was the most reliable method of 

fatigue determination, and the most reliable testing speed was 120° · s-1. 

 

When studying the relative reliability results for the healthy subjects with a history of FAI the 

peak torque values (table 1) ranged from moderate to very high depending on which fatigue 

indicator was used. The fatigue index showed high relative reliability, with speeds 60, 90, 

120 and 180° · s-1 showing ICC results of 0.79, 0.77, 0.71 and 0.75, respectively. Absolute 

reliability for the fatigue index showed SEM values of 0.41%, 0.41%, 0.44% and 0.77% for 

speeds 60, 90, 120 and 180° · s-1, respectively. The percent decrease in performance 

method showed moderate to very high relative reliability, with speeds 60, 90, 120 and 180° · 

s-1 showing ICC results of 0.69, 0.71, 0.93 and 0.80, respectively. Absolute reliability for the 

percent decrease in performance showed SEM values of 0.40%, 0.35%, 0.26% and 0.82% 

for speeds 60, 90, 120 and 180° · s-1, respectively. The slope of the regression equation 

showed high to very high reliability, with speeds 60, 90, 120 and 180° · s-1 showing ICC 

results of 0.91, 0.80, 0.92 and 0.83, respectively. Absolute reliability for the slope of the 

regression equation showed SEM values of 0.04%, 0.07%, 0.01% and 0.03% for speeds 60, 

90, 120 and 180° · s-1, respectively. The percent decrease in performance method had the 

highest reliability (ICC=0.93, SEM=0.26) when testing at 120° · s-1. This was followed by the 

slope of the regression equation (ICC=0.92, SEM=0.01) when testing at 120° · s-1. 
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Total work 

The three-way mixed factorial ANOVA showed no significant differences for the three 

fatigue indicators (fatigue index, percent decrease in performance and the slope of the 

regression equation) between the first week and second week of testing. There were 

also no significant differences between the two groups tested (healthy and healthy with 

a history of FAI), or the four speeds tested (60, 90, 120 and 180° · s-1) when observing 

all total work data. When studying the relative reliability results for the healthy subject‟s 

total work (table 2) the values ranged from moderate to very high depending on which 

fatigue determination method was used. The fatigue index showed moderate to high 

reliability, with speeds 60, 90, 120 and 180° · s-1 showing ICC results of 0.65, 0.78, 0.64 

and 0.60, respectively. Absolute reliability for the fatigue index showed SEM values of 

1.26%, 0.86%, 1.17% and 1.08% for speeds 60, 90, 120 and 180° · s-1, respectively. 

The percent decrease in performance method showed high relative reliability, with 

speeds 60, 90, 120 and 180° · s-1 showing ICC results of 0.82, 0.81, 0.81 and 0.82, 

respectively. Absolute reliability for the percent decrease in performance showed SEM 

values of 0.99%, 0.91%, 0.89% and 0.82% for speeds 60, 90, 120 and 180° · s-1, 

respectively. The slope of the regression equation showed high to very high relative 

reliability, with speeds 60, 90, 120 and 180° · s-1 showing ICC results of 0.87, 0.86, 0.92 

and 0.92, respectively. Absolute reliability for the slope of the regression equation 

showed SEM values of 0.04%, 0.05%, 0.02% and 0.03% for speeds 60, 90, 120 and 

180° · s-1, respectively. The results showed the slope of the regression to be the most 

reliable method of fatigue determination, when testing at a speed of 120°. 
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When studying the reliability results for the subjects with a history of FAI the total work 

values (table 2) ranged from moderate to very high depending on which fatigue 

determination method was used. The fatigue index showed moderate to high reliability, with 

speeds 60, 90, 120 and 180° · s-1 showing ICC results of 0.74, 0.71, 0.81 and 0.62, 

respectively. Absolute reliability for the fatigue index showed SEM values of 0.85%, 0.92%, 

0.58% and 0.61% for speeds 60, 90, 120 and 180° · s-1, respectively. The percent decrease 

in performance method showed moderate to high relative reliability, with speeds 60, 90, 120 

and 180° · s-1 showing ICC results of 0.78, 0.75, 0.80 and 0.60, respectively. Absolute 

reliability for the percent decrease in performance showed SEM values of 0.19%, 0.25%, 

0.26% and 0.73% for speeds 60, 90, 120 and 180° · s-1, respectively. The slope of the 

regression equation showed low to very high relative reliability, with speeds 60, 90, 120 and 

180° · s-1 showing ICC results of 0.86, 0.84, 0.90 and 0.71, respectively. Absolute reliability 

for the slope of the regression equation showed SEM values of 0.02%, 0.03%, 0.01% and 

0.05% for speeds 60, 90, 120 and 180° · s-1, respectively. The results showed the slope of 

the regression to be the most reliable method when testing at 120° · s-1. 

 

Number of repetitions to fatigue 

A three-way mixed factorial ANOVA showed no significant differences for the number of 

repetitions to fatigue between the first week and second week of testing. There were also no 

significant differences between the two groups tested (healthy and healthy with a history of 

FAI), or the four speeds tested (60, 90, 120 and 180° · s-1). The number of repetitions to 

fatigue was correlated to the ICC reliability values to see if a relationship was present. The 

healthy subjects produced r values of 0.16 and 0.02, for testing session 1 and testing 

session 2, respectively. The healthy subjects with a history of FAI produced r values of 0.41 
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and 0.17, for testing session 1 and testing session 2, respectively. The results showed there 

was no relationship present when correlating the number of repetitions to fatigue with the 

ICC reliability value. 

 

Peak torque 

All peak torque data found no significant differences (p < 0.05) between test 1 and test 2 for 

any of the fatigue indicators or speeds tested. When observing the reliability results for the 

healthy subject‟s peak torque (table 1) the values ranged from moderate to very high 

depending on which fatigue determination method was used. The fatigue index showed 

moderate to high reliability. The speeds 60, 90, 120 and 180° · s-1 showed reliability results 

(ICC+SEM) of 0.60+0.94, 0.74+1.14, 0.88+1.03 and 0.78+1.36 respectively. The percentage 

decrease in performance method showed high reliability. The speeds 60, 90, 120 and 180° · 

s-1 showed reliability results of 0.78+0.93, 0.85+0.64, 0.88+0.52 and 0.77+0.94 respectively. 

The slope of the regression equation showed high to very high reliability. The speeds 60, 90, 

120 and 180° · s-1 showed reliability results of 0.85+0.06, 0.91+0.08, 0.93+0.02 and 

0.91+0.07 respectively. The slope of the regression was the most reliable method of fatigue 

determination, and the most reliable testing speed was 120° · s-1. 

 

When studying the reliability results for the injured subject‟s peak torque (table 2) the values 

ranged from moderate to very high depending on which fatigue indicator was used. The 

fatigue index showed high reliability. The speeds 60, 90, 120 and 180° · s-1 showed reliability 

results (ICC+SEM) of 0.79+0.41, 0.77+0.41, 0.71+0.44 and 0.75+0.77 respectively. The 

percentage decrease in performance method showed moderate to very high reliability. The 

speeds 60, 90, 120 and 180° · s-1 showed reliability results of 0.69+0.40, 0.71+0.35, 
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0.93+0.26 and 0.80+0.82 respectively. The slope of the regression equation showed high to 

very high reliability. The speeds 60, 90, 120 and 180° · s-1 showed reliability results of 

0.91+0.04, 0.80+0.07, 0.92+0.01 and 0.83+0.03 respectively. The percentage decrease in 

performance method had the highest reliability (0.93+0.26) when testing at 120° · s-1. This 

was followed by the slope of the regression equation which showed reliability values of 

0.92+0.01 when testing at 120° · s-1. 

 

 

Total work 

All total work data found no significant differences (p < 0.05) between test 1 and test 2 for 

any of the fatigue indicators or speeds tested. When observing the reliability results for the 

healthy subject‟s total work (table 3) the values ranged from moderate to very high 

depending on which fatigue determination method was used. The fatigue index showed 

moderate to high reliability. The speeds 60, 90, 120 and 180° · s-1 showed reliability results 

(ICC+SEM) of 0.65+1.26, 0.78+0.86, 0.64+1.17 and 0.60+1.08 respectively. The percentage 

decrease in performance method showed high reliability. The speeds 60, 90, 120 and 180° · 

s-1 showed reliability results of 0.82+0.99, 0.81+0.91, 0.81+0.89 and 0.82+0.82 respectively. 

The slope of the regression equation showed high to very high reliability. The speeds 60, 90, 

120 and 180° · s-1 showed reliability results of 0.87+0.04, 0.86+0.05, 0.92+0.02 and 

0.92+0.03 respectively. The results showed the slope of the regression to be the most 

reliable method of fatigue determination, when testing at a speed of 120°.   

 

When studying the reliability results for the injured subject‟s total work (table 4) the values 

ranged from low to very high depending on which fatigue determination method was used. 
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The fatigue index showed moderate to high reliability. The speeds 60, 90, 120 and 180° · s-1 

showed reliability results (ICC+SEM) of 0.74+0.85, 0.71+0.92, 0.81+0.58 and 0.62+0.61 

respectively. The percentage decrease in performance method showed moderate to high 

reliability. The speeds 60, 90, 120 and 180° · s-1 showed reliability results of 0.78+0.19, 

0.75+0.25, 0.80+0.26 and 0.60+0.73 respectively. The slope of the regression equation 

showed low to very high reliability. The speeds 60, 90, 120 and 180° · s-1 showed reliability 

results of 0.86+0.02, 0.84+0.03, 0.90+0.01 and 0.10+0.05 respectively. The results showed 

the slope of the regression to be the most reliable method when testing at 120° · s-1. The 

validity of a hip abduction protocol has previously been shown by Katoh et al. (2011). This 

paper aimed to exclusively assess absolute and relative reliability. 

 

Discussion 

 

The aim of this study was to examine the test-retest reliability of fatigue measures 

calculated from peak torque and total work during isokinetic speeds of 60, 90, 120 and 

180° · s-1 during an isokinetic hip abductor-adductor fatigue protocol. The main findings 

that emerged from the study were firstly, the slope of the regression equation was the 

most reliable method of fatigue determination in healthy subjects and healthy subjects 

with a history of FAI injured subjects, when using peak torque or total work values, and 

secondly, the most reliable fatigue measures occurred at the speed of 120° · s-1. 

 

The choice of either peak torque or total work to assess average performance during a 

fatigue test does not seem to influence relative or absolute reliability. The same 

conclusion applies to the speed of the isokinetic dynamometer as relative and absolute 
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reliability values were not influenced by a change in speed. When observing the peak 

torque values at 60, 90, 120 and 180° · s-1 the relative reliability values (ICC) for the 

slope of the line measure were consistently between 0.85-0.93 for the healthy subjects 

and 0.80-0.92 for the healthy subjects with a history of FAI injured subjects. Absolute 

reliability (SEM) also produced consistently low values between 0.02%-0.08% for the 

healthy subjects, and 0.01%-0.07% for the healthy subjects with a history of FAI injured 

subjects. The same can be observed with the total work values for the different 

isokinetic dynamometry speeds, as relative reliability for the slope of the line measure 

were between 0.86-0.92 for healthy subjects, and 0.84-0.90 for the healthy subjects with 

a history of FAI injured subjects, with the exception of 180° · s-1 which unexpectedly 

produced a very low ICC value of 0.10. Absolute reliability values were again consistent 

with the total work measure producing values between 0.02%-0.05% for the healthy 

subjects and 0.01%-0.05% for the healthy subjects with a history of FAI injured 

subjects. It is also apparent from the above results that the type of subjects tested 

(healthy or healthy with a history of FAI) did not influence relative of absolute reliability 

results. 

 

The different fatigue determination methods did produce large variations in relative and 

absolute reliability values. The slope of the line measurement consistently produced 

high relative and absolute reliability values. , with the exception of total work at 180° · s-1 

in the injured subjects. Whereas, the fatigue index and the percentage decrease in 

performance produced lower and more variable relative and absolute reliability values 

(tables 1-2 1-4). 
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A limited number of studies have looked at the reliability of different fatigue measures. 

Bosquet et al. [3] found high relative reliability (peak torque ICC‟s = 0.82-0.88, total work 

ICC‟s = 0.81-0.87) for the slope of the line. Pincivero et al. [3933] studied the reliability of 

the fatigue index and the slope of the line during isokinetic quadriceps femoris muscle 

fatigue. The authors found moderate to high ICC‟s for the non-dominant leg (0.78-0.92) 

and high ICC‟s for the dominant leg (0.82-0.89) when analysed by the slope. These 

results agree with the present study as we found the slope of the line to be the most 

reliable method when observing both when looking at both relative and absolute reliability.  

 

The appropriateness of a method to objectively quantify muscle strength or endurance is 

dependent upon its reliability and the inherent error associated with that method. Piva et 

al. [4034] illustrated high test-retest reliability of an isometric hip abduction protocol (ICC 

= 0.92). Claiborne et al. [64] showed that peak torque measurements during isokinetic hip 

abduction at 60° · s-1 displayed high test-retest reliability (ICC range = 0.81-0.91).  

Although not directly related to the hip, Feiring et al. [1210] showed that quadriceps peak 

torque and total work displayed high test-retest reliability (ICC = 0.96 and ICC = 0.97, 

respectively). It should be recognised that the ability of reproducing the testing protocol 

with respect to adequate calibration, gravity correction, and standard patient set up in the 

current study was likely to have improved accuracy, and should be deemed important 

components for improving the reliability of a test [21, 38, 39, 4918, 32, 33, 39]. 

 

The accuracy to which these protocols are reproducible is also a critical factor as 

determined by the standard error of measurement (SEM). Although high reliability 

coefficients (such as ICC‟s) have been previously reported for isokinetic strength, SEM 
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values have received little attention in the literature. The SEM value in this study was 

expressed as a percentage in order to allow clinical usage of these measures. As 

demonstrated by the results of the current study, re-test values for peak torque and total 

work varied by 0.01 - 1.52% to the initial test. It should therefore, seem appropriate in 

future studies to attribute differences in isokinetic results to intervention, training 

improvements or injury, should they exceed the SEM values outlined in tables 1 and 2. 1 

to 4.     

 

There seems to be a lack of consensus in the literature on the most appropriate or 

reliable speed to be used for isokinetic dynamometry. The knee joint has been well 

documented with the majority of authors opting for a speed of 180° · s-1. The hip, 

however, has very rarely been studied. The sparse literature that has tested the hip joint 

have either used the isokinetic dynamometer in its isometric mode [4034], or have 

tested at speeds of 60 and 90° · s-1 [4236]. Ferber et al. [1311] found that during running 

at 3.65 m/s (13.2 km/hr) over a 25m distance, the peak angular velocity for hip flexion 

was 103.5° · s-1. The present study found 120° · s-1 to be the most reliable testing 

speed, so even though this speed may be far from „explosive sporting movement‟ 

velocities, it may replicate speeds from more endurance based activities as shown by 

Ferber et al. [1311].  

 

Both peak torque and total work decreased during the test. Three methods were used to 

quantify this force reduction: the fatigue index [2838], percentage decrease in 

performance [1815] and the slope [3933]. The fatigue index and the percent decrease in 

performance measure the percentage of force reduction throughout the test. The slope 
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represents the rate of decrease in performance. The main assumption, stated by 

Bosquet et al. [3], for using this measure is the linearity of the relationship between peak 

torque or total work and the number of repetitions.  

 

Previous studies have reported a linear relationship between performance and the 

number of repetitions during 20 [3227] and 30 [4638] maximal reciprocal concentric 

contractions. The slope could therefore be used to quantify muscle fatigue. However, 

Bosquet et al. [3] stated that there was a tendency of the line to plateau after 40 

repetitions, and suggests that an exponential model would be more appropriate than a 

linear one to fit performance data measured for longer protocols. Studies by Gerdle and 

Elert [1714] and Larsson et al. [3026] also agree with the finding of Bosquet et al. [3]. 

However, the present study did not use a fixed number of repetitions and one subject 

reached 67 repetitions before 3 contractions were below 50% of their maximum peak 

torque. This subject still presented with a linear model, rather than an exponential 

decrease which would contrast with the above literature. The above studies were all 

performed on the knee, whereas the present study was fatiguing the hip musculature. 

We would recommend that future investigators examine and plot their data before 

choosing the slope of the line as their fatigue determination method, as a linear model is 

required. As a point of interest the number of repetitions to fatigue was correlated to the 

ICC reliability values to see if a relationship was present. However, the results showed 

no correlation between these two variables. 

 

Limited research has focused on fatigue protocols of the hip musculature [6, 42 4, 36]. 

Current theory suggests that the hip abductors play a critical role in controlling foot 
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placement during ambulation. A deficit at the hip abductors may alter foot placement, 

causing the foot to contact the ground in a more adducted position [1512]. In patients with 

FAI this potentially increases the chance of rolling over on the ankle, inducing a lateral 

ankle sprain. It has been suggested that fatigue of the hip abductors may also cause 

these deficits at the ankle joint [1512]. Therefore, it was crucial to develop a reliable hip 

fatiguing protocol for the hip abductors, so that research can continue to investigate this 

phenomenon. 

 

The results from the current study showed that the isokinetic dynamometer was a reliable 

device for testing the fatigability of the hip abductors in both healthy individuals but also 

healthy individuals with a history of FAI. Many individuals in the sporting population suffer 

from a history of FAI, and the results from this study conclude that clinicians and other 

health professionals can perform isokinetic testing protocols on the hip abductors with 

confidence that the protocol is reliable, in not only healthy individuals, but also the large 

population of healthy individuals with a history of FAI.  

 

In summary, the most reliable fatigue determination method for the hip abductors was 

the slope of the regression equation, when testing at a speed of 120° · s-1. However, it is 

recommended that future investigators examine and plot their data before choosing this 

as their fatigue indicator, as a linear model is required. The choice of either peak torque 

or total work to assess performance during a fatigue test did not influence relative or 

absolute reliability. The between-day reliability that was performed in the present study 

has valuable research and clinical relevance. Many athletic or rehabilitation activities 

typically involve multiple bouts of testing, sometimes with high-intensity muscle 
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contractions. Protocols and methods used for testing should always be determined as 

reliable before testing commences, so that any differences that are reported can be 

reported as true. Clinicians can now perform an isokinetic fatigue protocol on the hip 

abductors with the reassurance that the procedure is reliable in both healthy individuals, 

and healthy individuals with a history of FAI.  
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