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ABSTRACT

Background: Accurate measurement of strength is important for athletic
performance, injury prevention and rehabilitation. Isokinetic dynamometer is the gold
standard of strength assessment. However, the optimal repetition number during
isokinetic strength testing to obtain the maximum performance has not been evaluated

for different contraction types and speeds until now.

Objective: The main objective of the current study is to find out the required repetition
number to achieve the consistent maximum performance during isokinetic strength
testing of knee flexion and extension at two mostly used velocities of 60°/sec and
180°/sec for both concentric and eccentric contraction types.

Method: 32 healthy university students were assessed on 8 different testing sessions
on the same day in a counter-balanced order of knee flexion and extension for
concentric and eccentric contraction modes at 60°sec and 180°sec. Data were
analysed by graphs, setting ranges from the maximum performance until obtaining
three consecutive values. The repetition number to obtain the maximum value and its

consistency were explored individually for each graph.

Results: The results of the current investigation indicated that the participants need
only three repetitions to exert their maximum force during isokinetic strength testing at
60°/sec. For the tests at 180°/sec, more repetitions were required only for concentric
knee extension test indicating that at least five repetitions should be performed until
the maximum performance. The eccentric knee flexion tests were not found valid,

indicating that a specific familiarization session may be required for this test.

Conclusion: Only three repetitions may be enough to obtain the maximum
performance; however, at least five trials should be performed for concentric knee
extension at higher speeds. More repetitions than these seem like unnecessary for
healthy young populations. Differently for eccentric knee flexion test, a specific

familiarization session may be needed to provide valid results.
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1. INTRODUCTION

1.1.Background

Strength is a key component of athletic performance, injury prevention and
rehabilitation. Within the field of research and rehabilitation, the best and most
accurate way of assessing muscle strength is accepted as the use of isokinetic
dynamometers. Isokinetic dynamometers can assess the amount of force produced at
a single joint at a set speed. It can measure the static strength, shortening strength
and lengthening strength of a muscle. Despite the wide use of isokinetic
dynamometers, there is no consistency in testing protocols when assessing the
maximum performance. Studies have used different familiarization sessions, warm-

ups, repetitions, speed orders and rest periods.

Even the isokinetic dynamometers are accepted as the gold standard method for
assessing strength, they are not very functional and only provide information on pure
muscle force. Because of its difference from the functional movements, participants
may need familiarization sessions or specific warm-up protocols on the isokinetic
machine to understand the movement and exert their maximum force. While several
reliability studies have investigated the use of familiarization sessions one or two
weeks before the actual test; in clinical practice, an additional session is not so
practical and costly. Therefore, understanding how many trials the participants need
to understand the movement and achieve peak performance only on one testing

session is important.

The repetition number to obtain the maximum performance is the main variable during
isokinetic strength testing. While few trials may result in a lower value than the normal
performance, too many trials may cause fatigue. Studies generally fail to report the
reason behind their choice of specific trial numbers when assessing muscle
performance. Also, the same repetition number is used for all contraction types and
speeds. However, the physiological differences in these movements may require
different repetition numbers. Therefore, standardizing the optimal repetition number
for different testing modes, contraction types, movements and speeds are important

for both clinical practice and research.
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1.2. Aim of the Study

The main aim of this study is to find out the required repetition numbers to achieve the
consistent maximum performance during isokinetic strength testing of knee flexion and
extension at two mostly used velocities of 60°/sec and 180°sec for both concentric

and eccentric contraction types.
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2. LITERATURE REVIEW

2.1.Introduction

The purpose of the literature review was to investigate and critically appraise the
current research publications relevant to the research topic and then identify the gaps
in the knowledge in the studied topic. The results of the found studies will be
synthesised and summarised at the end of this section, while outlining the need for the

current study.

2.2.Search Strategy

The literature review was conducted by searching the following electronic databases
for research publications covering the last 10 years: PubMed, PEDro, Cochrane,
Medline and Web of Science. The following terms were searched in all databases:
Isokinetic Dynamometer, Isokinetic Strength, Isokinetic Test*, Kin-Com, Kinetic
Communicator, Knee Strength Test*, Fatigue, Familiarization, Learning Effect,
Performance, Warm* up. The selected articles were limited to those published in
English, and available in full text. The studies related to knee muscles strength testing
were identified. The references of the found articles were also searched for relevant
studies; and relevant papers were included, regardless of their publication year as they
may provide the core knowledge about the topic. Once identified the abstract was read
for the relevance to the current study and studies not thought to be relevant were
excluded.

2.3.1sokinetic Muscle Strength Testing

Muscle strength is a key component of athletic performance, injury prevention and
functional recovery following an injury (Ozcakar et al. 2003; Mizner et al. 2005;
Alentorn-Geli et al. 2009). It is defined as the ability of a muscle to exert force with or
without changing the joint angle and muscle length (Haff and Triplett 2015). There are
three basic types of muscle action; isometric, concentric and eccentric (Haff and
Triplett 2015). Isometric action is when the contractile force and the resistive force are
equal; therefore, there is no change in muscle length or joint angle (Haff and Triplett
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2015). Concentric action is when the contractile force is greater than the resistive
force; therefore, the muscle shortens (Haff and Triplett 2015). Finally, eccentric action
is when the contractile force is less than the resistive force; therefore, the muscle
lengthens (Haff and Triplett 2015). These isometric, concentric and eccentric actions
of the muscle may result in different levels of strength. Therefore, each type of

contraction needs to be assessed separately.

While there are various ways to measure muscle strength, isokinetic testing is defined
as the gold standard method to objectively assess and document dynamic muscle
strength and determine changes in muscle performance in both clinical and research
environments (Wilhite et al. 1992; Drouin et al. 2004; Rahnama and Bambaeichi 2008;
Tsiros et al. 2011). The isokinetic concept was first introduced by Perrine and Hislop
in 1967 and has become a popular method following its introduction. Isokinetic
dynamometers measure the amount of force produced at a single joint at a constant
angular velocity for both concentric and eccentric contractions, while keeping the
resistance of the dynamometer equal to the produced force by the tested muscle
(Rahnama and Bambaeichi 2008). The angular velocity of the movement on the
isokinetic device can be set by the user. Generally, the lower angular velocities from
15%sec to 60°/sec, the medium angular velocities from 90°/sec to 120°/sec and higher
angular velocities from 180°sec up to 450°sec have been used in the literature to
assess the muscle performance (Undheim et al. 2015). When the velocity is not
controlled, the results of the strength test may show an erroneous performance. For
example, during the isotonic testing of knee flexion-extension movements, the
mechanical advantage of the muscles is minimal at the limits of the range of motion.
However, the mechanical load applied to the muscles by the free weight or the
machine is maximal at these points. On the contrary, at the middle ranges, the applied
load is not at its maximum and are not completely challenging the muscle where the
muscle has a mechanical advantage. During the isokinetic testing, the applied load to
the muscle is equal to the force generated by the muscle. Therefore, at the angles
where the mechanical advantage of the muscle is maximum, the force production can
be maximum as well (Perrine and Hislop 1967). Thus, isokinetic dynamometers
provide optimal loading of the muscles with the same controlled velocity at all angles
of the movement, giving the opportunity to the muscle to apply the maximum force at

the angles where the mechanical advantage is maximum.
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Isokinetic strength measures are generally reported as peak torque and/or total work.
Peak torque is the maximum value reached at one specific point through the range of
the movement (Baltzopoulos and Brodie 1989). It eliminates the submaximal values;
therefore, it is a good measure of maximal strength (Gransberg and Knutsson 1983;
Baltzopoulos and Brodie 1989). On the other hand, total work indicates all the work
done by the muscle through the range of the movement, including all maximal and
submaximal values. Therefore, total work is a good indicator of the endurance of the
muscles (Baltzopoulos and Brodie 1989). Total work is generally used to assess the
endurance of the muscles at higher velocities. However, different populations may
require different muscle actions, therefore different testing protocols. For example,
180°/sec was generally used to assess the endurance of muscles (Pincivero et al.
1997). However, when the physiological requirements of the tested population are
different, the same velocity may be used to assess the peak torque, as in sprinters
(Jonhagen et al. 1994). Therefore, the isokinetic test protocol should be suitable to the
purpose of the test and focus on the physiological demands of the tested population.
Both peak torque and total work have been reported to have high test-retest reliability
for knee flexor and extensor muscles (Greenberger et al. 1994; Li et al. 1996; Sole et
al. 2007).

Isokinetic knee flexion and extension tests are used in the literature to assess
performance, determine injury risk, follow the recovery from an injury and create
fatigue profile (Ostenberg and Roos 2000; Baron 2001; Ozcakar et al. 2003; Mizner et
al. 2005; Garrandes et al. 2007; Alentorn-Geli et al. 2009). Despite its wide range of
use, there is no standardized protocol for the testing. Studies have used different
velocities, repetitions, rest periods and warm-up sessions (Warren and Longwell
2010). Therefore, it is difficult to compare research findings. Researchers recently
focused on the effects of different rest times between sets (Parcell et al. 2002; Celes
et al. 2009; Warren and Longwell 2010; Blazquez et al. 2013; Bernard et al. 2016).
However, all of them have used different familiarisation periods, velocities and
repetitions. Also, these studies generally investigated more than five different
velocities on the same testing session. In clinical practice, researchers generally used
one lower velocity (generally 60°/sec) and one higher velocity (generally 180°sec) for
the strength testing (Sato et al. 2011; Koller et al. 2015; Undheim et al. 2015; Yeung
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et al. 2016; Psatha et al. 2017). While the studies have focused on the rest periods
between sets, the required repetition numbers to achieve the maximum performance
was not addressed or discussed recently. The repetition numbers within sets ranged
from 2 to 10 (Parcell et al. 2002). This inconsistency also resulted in different findings
in terms of optimal rest period between sets. Also, these studies assessed only
concentric contractions; however, in practice concentric and eccentric tests are mostly
performed together (Overend et al. 2000; Askling et al. 2003; Undheim et al. 2015;
Nickols-Richardson et al. 2007; Frisch et al. 2011). Therefore, the standardization of

the test is important for both concentric and eccentric contraction types.

To understand the importance of standardised protocols, it is important to understand
the physiology of the muscle strength testing. Therefore; energy supply of the muscle,
fibre types and motor unit recruitment, learning effect, force-velocity relationship, and

fatigue will be discussed specific to isokinetic strength testing in the following sessions.

2.3.1. Energy Systems

The energy supply during maximal exercise has been investigated and very-well
documented by many studies including muscle biopsy reports and VO2 max tests. The
three energy suppliers of the body are the immediate energy system (Adenosine
triphosphate and phosphocreatine), the short-term energy system (Glycolysis) and the
long-term energy system (Aerobic). The Adenosine triphosphate (ATP) and
phosphocreatine (PCr), and glycolysis are the anaerobic systems. All three systems
provide energy during exercise; however, their contribution changes over time. It is
well-known that the main energy during high intensity short-period exercise is provided
by the phosphagenic (ATP-PCr) and glycolytic systems; firstly, using the intramuscular
high energy phosphates ATP and PCr, and then the glycolytic system for ATP
resynthesis which results in lactate production. During the first 15-s of the exercise the
main provider of ATP was found to be the phosphagenic system; while during a 16 to
30-s exercise, the main provider becomes the glycolytic system (Serresse et al. 1988).
The oxidative system increases its contribution between 61 to 75-s of the exercise
(Serresse et al. 1988).

Studies have reported decreased performance with the onset of lactate accumulation

19



in blood, following the start of glycolysis (Hirvonen et al. 1992). At the beginning of
muscle contraction, hydrolysis of creatine phosphate turns the muscle pH into alkaline,
which promotes the glycolysis. Following the start of the glycolysis, the lactic acid
accumulation decreases the pH (Trivedi and Danforth 1966). Also, the build-up of
hydrogen ion within the muscle cells decreases the pH of the muscle and reduces the
force production as a result with the other factors including fuel depletion and lactate
accumulation (Hirvonen et al. 1992). Greater hydrogen ion concentration hinders the
cross-bridge attachment of actin and myosin (Metzger and Moss 1987). These
combined factors limit the force production during high-intensity exercise of the

musculoskeletal muscle.

During the isokinetic strength testing, the duration of the maximal contractions
depends on the velocity of the movement and the repetition numbers within the sets.
The higher velocities mean faster movements; therefore, the same repetition number
within sets may result in different demands on the energy systems for different
velocities. Until now, the repetition numbers used within the sets were the same for
every velocity, from 30%sec to 300%sec (Parcell et al. 2002; Celes et al. 2009; Warren
and Longwell 2010; Blazquez et al. 2013; Bernard et al. 2016). However, when
investigated from a physiological point of view, these repetitions were completed in
different times, therefore, their use of energy may be different. While 10 continuous
repetitions at 60°/sec may take 18 seconds, the same repetition number at 300°/sec
may take only 6 seconds. These different contraction periods may result in different
use of the energy systems. While a 6-second muscle action primarily uses the
immediate energy (ATP-PCr) system, an 18-second action may mainly rely on the
short-term energy system (Glycolysis). These differences indicate that the muscles
may have different energy demands at different velocities if the same repetition
number is performed for different speeds. This may denote that different repetition
numbers may be required for different velocities to equate the energy demands of the

tests and provide the best performance.

2.3.2. Fibre Types and Motor Unit Recruitment

It is apparent that the understanding of the energy supplementation of the muscle is
important when testing the strength. However, without understanding the morphology
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of the muscle that is using this provided energy, it is not possible to completely
understand the physiology of muscle contraction and strength. It is therefore crucial to
know the different fibre types within the muscle, as well as the recruitment of these
fibres.

The basic functional unit of the skeletal muscle is the motor unit, including a moto-
neuron and all the muscle fibres innervated by it (Raven et al. 2012). There are three
main muscle fibre types in human skeletal muscle, classified based on the type of
myosin heavy chain genes (Raven et al. 2012). Type | is classified as slow-twitch
oxidative, the time to peak tension is longer when compared to fast-twitch types
(Raven et al. 2012). Type lla fast-twitch fibres have high oxidative capacities, and type
lIb fast-twitch fibres have low oxidative capacities (Raven et al. 2012). These fibres
constitute different proportions in different muscle groups (Johnson et al. 1973). The
muscle groups that require more endurance (predominantly tonic) have more type |
fibores when compared to the muscles that require more strength and speed
(predominantly phasic muscles) (Johnson et al. 1973). Biopsy studies also found that
type Il fibres may have about three times greater strength of the specific strength of
type | fibres (Young 1984).

During the muscle contraction, smaller motor units are recruited first and then the
larger units are activated; this principle is defined as ‘the size principle’ first by
Henneman et al. (1965). Slow-twitch fibres also tend to be in smaller motor units, while
fast-twitch fibres tend to be in larger motor units (Wuerker et al. 1965). These early
studies agreed that at the beginning of the movement, slower motor units are recruited
first; after that, the faster motor units are recruited (Henneman et al. 1974). This
recruitment pattern was accepted to ensure that the most fatigue resistant and slowest
units are recruited first during a movement (Henneman and Olson 1965). Also, faster
motor units, which are also larger and stronger, are providing greater force after their
recruitment. This principle indicates that to obtain the maximum strength of a muscle,
the recruitment of faster motor units should be ensured. In terms of isokinetic strength
testing, the repetitions of the movements should be enough to provide the recruitment

of the fast-twitch motor units to achieve the maximum performance.

The orderly recruitment of motor units may not be present in all movements. Numerous
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studies observed different recruitment patterns during different force levels as well as
different contraction types. Nardone et al. (1989) showed selective recruitment of fast
motor units during eccentric contractions as opposed to concentric contractions. While
findings of Howell et al. (1995) are supporting these results; many investigators have
reported similar recruitment patterns during isometric, concentric and eccentric
contractions (Sggaard et al. 1996; Bawa and Jones 1999; Stotz and Bawa 2001).
There is also some evidence suggesting that contraction speed may affect the
recruitment order of the motor units. Selective recruitment of fast motor units was
observed by Moritani et al. (1991) in human muscles. Several EMG studies are
supporting these findings while reporting selective activation of fast motor units within
the same muscle at higher velocities (Citterio and Agostoni 1984; Moritani and Muro
1987). While some controversy exists regarding the recruitment pattern differences
between different contraction types and speeds, it is evident that maximum voluntary
motor unit recruitment should be ensured when testing the maximum muscle strength.
Therefore, it is important to provide this recruitment during all different velocities and
contraction types with optimal number of repetitions.

2.3.3. Learning Effect

Strength is not only related to muscle size and composition, but also the neural system.
The motor system including nervous and muscle systems ensures the coordinated
movement. Movements may not be considered as skills, as they may not always have
a particular goal (Schmidt and Lee 2005). However, the force production at strength
tests may be considered as a motor skill, as it requires an ability to bring an end result
with maximum certainty, and minimum use of time and physiological, psychological
and mental energy (Schmidt and Lee 2005). Therefore, the force production may be
improved with practice. As any skill, force production requires deciding what to do and
when to do it, as well as producing organized neural and muscular activity to generate
movements (Schmidt and Lee 2005). It is suggested that practice is one of the most
important factors for learning a skill (Schmidt and Lee 2005). Understanding the
isokinetic strength test involves optimizing the required movement, at a certain time
and velocity, and at the correct direction. The participants should be able to perform

the task with a high degree of certainty.
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It is shown that neuro-motor learning is an important factor in strength increase
(Alméasbakk and Hoff 1996). Improved coordination of muscles with nervous
adaptations and the learning of the movement provides greater force production
(Alméasbakk and Hoff 1996). For these gains, the instructions given to the subjects to
teach the movement are also important (Almasbakk and Hoff 1996). Therefore,
explaining the test and the movements to the subjects prior to isokinetic testing is

crucial.

Previous studies have shown differences between each trial performed during the
isokinetic testing, suggesting that the changes in strength may occur even with the
test repetitions (Johnson and Siegel 1978; Mawdsley and Knapik 1982; Sawhill et al.
1982). The changes between trials are not due to morphological changes within the
muscle but the neuro-motor coordination of the movement. These changes in the
neuro-motor learning and control of the movement are important factors when
designing the testing protocols. Previous research suggests that understanding
eccentric movements requires more practice than concentric movements, especially
at high angular velocities (Steiner et al. 1993). Also, reliability of eccentric isokinetic
test protocols is generally found to be lower when compared to concentric (Wilhite et
al. 1990, Deighan et al. 2003). A decrease in reliability with increasing angular velocity
of the movement was also reported by Brown (1993). These lower reliabilities may
indicate that for higher velocities and eccentric contraction types, different testing
protocols may be needed to ensure high reliability of test results. However, until now,
the same testing protocols were used for different contraction types and angular
velocities. The test trials should be suitable to provide the motor-learning phase and
increase the movement control for all contraction types and angular velocities; and this

may need different test trials for different contraction types and angular velocities.

2.3.4. Force-Velocity Relationship

The effect of speed of muscle contraction on force production was first examined and
described as ‘force-velocity relationship’ by Hill et al. (1938). The force output of the
muscle is greatest at lower velocities and decreases as the velocity of the movement
increases (Hill et al. 1938). Studies using the isokinetic dynamometer have also
reported the same relationship between the speed of the movement and the produced
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torque (Thorstensson et al. 1976; Barnes 1980). The dynamic torque of the muscle is
increasing gradually with decreased speed of shortening (Thorstensson et al. 1976;
Barnes 1980). Also, the motor-unit activity increases linearly as the contractile speed
decreases during concentric contraction (Barnes 1980). Therefore, the reason of this
force production increase is related to the greater activity of the motor units at slower
velocities. Interestingly, the force-velocity relationship during the eccentric
contractions is not the same as during the concentric contractions. The movement
speed does not seem to affect the force production during lengthening as much as
during shortening (Komi 1973; Colliander and Tesch 1989). Also, the electrical activity
of the muscle is not the same during the concentric and eccentric contractions. In
theory, the amount of electrical activity and the number of recruited muscle fibres are
the same for all velocities and for all contraction types (isometric, concentric and
eccentric) during maximal contractions (Raven et al. 2012). However, during the
maximal voluntary contractions, the recruitment of the muscle fibres differs between
different velocities and contraction types. Electromyography (EMG) studies have
reported that the EMG activity of the muscles are greater during the concentric
contraction when compared to eccentric contraction (Westing et al. 1991). During the
eccentric contraction, electrical stimulating the already voluntarily contracted muscle
was resulted in 24% increase in force production (Westing et al. 1990). Even the
voluntary contraction always results in less muscle fibre activity when compared to
maximal contraction, the activity in the eccentric contraction is lower than the
concentric and isometric contractions (Gravel et al. 1987; Westing et al. 1990).
Although the exact mechanism behind it is still unknown, a possible neural inhibition
was suggested by the researchers to explain the less recruitment of muscle fibres
during eccentric contraction despite the maximal effort of the participants (Westing et
al. 1990; Aagaard et al. 2000). The possible explanation of this neural inhibition is the
higher mechanical load during the eccentric contraction which may cause a greater
amount of muscle damage and muscle soreness (Howell et al. 1993; Day et al. 1998).
Also, fear of performing maximal eccentric contractions may be decreasing the motor-
unit activity of the muscle. This neural inhibitory mechanism may help to maintain the
muscle tension within safe limits to prevent any possible injury but may also inhibit the

maintenance of the maximal eccentric force throughout the motion.

2.3.5. Fatigue
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Fatigue has been defined as any reduction in the capacity of the total neuromuscular
system to generate force; therefore, the failure to maintain a given exercise intensity
(Bigland-Ritchie and Woods 1984; Brooks et al. 1996). In the current investigation, the
definition of skeletal muscle fatigue will be used as the significant decrease in the peak
torgue values during an isokinetic strength test, in response to maximal concentric and

eccentric contractions.

The fatigue mechanism most often depends on the specific task imposed, which has
been defined as ‘task specificity’ (Enoka and Duchateau 2008). Therefore, in this
chapter, fatigue specific to isokinetic knee strength testing will be discussed. The
inability to maintain the achieved maximum performance represents fatigue, which
results in submaximal contractions after the onset of muscle fatigue. It is therefore
important to understand the onset of fatigue during the isokinetic tests and provide the
tested subject enough time to rest. Fatigue leads to a decreased efficiency of muscle
contractions; therefore, it can be identified before the phase that the tested subject is
no longer able to continue the task. The tests should not necessarily continue until the

tested subjects become exhausted or until the failure of the task.

The fatigue develops gradually after the beginning of a specific physical task, isokinetic
knee muscle contractions in the current investigation. Fatigue was defined as 3
consecutive repetitions below 50% of the maximum peak torque in several studies
(Salavati et al. 2007; Gear 2011). The study by Gear (2011) have also classified
fatigue as mild (90% decrease), moderate (70% decrease) and maximum (50%
decrease). These values may be reliable when testing the response of the muscle to
a specific physical exercise protocol or trying to induce fatigue. However, when
investigating the decrease of the maximum performance more specifically, these

percentages are much greater than expected.

The muscle force production is a complex procedure involving neural and muscular
systems, beginning at the molecular level and resulting in whole-body movements
(Kent-Braun et al. 2012). Therefore, a reduction in this function may result from

different points of these systems involving cortical, spinal and peripheral neural
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structures as well as contractile tissues. Current evidence suggests that the main
reason of muscular fatigue during repeated contractions is mainly within the muscle
itself and generally does not involve the failure of the central nervous system or
neuromuscular junction (Bigland-Ritchie et al. 1978; Fitts 1994). The fibre composition
of the muscles involved in the movement as well as the contraction type affects the
fatigue during exercise (Fitts 1994). During the isokinetic tests, the decline in the peak
torque was generally attributed to metabolic by-products including hydrogen ions,
potassium and inorganic phosphate; and/or the damage to the myofibrils, including
dilated T-tubules, damage in plasma membrane and sarcomere derangement
(Edwards 1981; Staublr 1989). While the fatigue during the concentric and isometric
contractions are mainly related to the metabolic by-products, the main reason of
fatigue during the eccentric contractions are mostly related to both metabolic by-
products and myofibril damages (Edwards 1981; Staublr 1989). These different fatigue
mechanisms may result in different onset times of fatigue during different isokinetic

contraction types.

2.4.Number of Repetitions During Isokinetic Strength Testing

The number of repetitions required to achieve the peak torque within a set is an
important factor when designing standardized isokinetic testing protocols. If too few
repetitions are performed, the maximum value may not be achieved and then the
results may show a sub-maximum value. On the other hand, too many trials may cause
fatigue. Also, too many trials require more time; therefore, are costlier and more time
consuming. While there are different variables in a testing session including the warm-
up procedure, selected velocities, order of the velocities, contraction type, the
repetition numbers within sets, the rest periods between sets and the set numbers; the
repetition number within sets may affect the results mostly because of the previously
explained reasons. Obviously, all variables are important factors and may affect the
results of an isokinetic strength test. However, if the number of repetitions performed
within a set is not sufficient to elicit the maximum performance, the other variables
may not improve the validity and reliability of the test protocol, then the results of the
test might be misleading. Even the recent studies have investigated different rest
periods between sets at different velocities, the main problem of these protocols is the
different repetition numbers within sets. It cannot be assumed that the peak
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performance is achieved with two, three or more repetition numbers without empirically
testing the subjects at different velocities and different contraction types. Physiological
differences of the contraction types and velocities may indicate that there may be
different repetition numbers for different contraction types and velocities to achieve the

maximum consistent performance.

Recent research publications have cited the review by Baltzopoulos and Brodie (1989)
for their choice of trial numbers within sets (Mikesky et al. 2000; Spurway et al. 2000;
Camara et al. 2010; Camara et al. 2012; Blazquez et al. 2013; Owens et al. 2014;
Vodicka et al. 2014; Nugent et al. 2015). Mikesky et al. (2000) have used three to five
maximal concentric and eccentric repetitions with a rest interval of 30 seconds
between contractions at 90°sec while testing the strength. They have also used a
warm-up protocol which consists of three to five repetitions at the same speed with
submaximal contractions. Spurway et al. (2000) have tested their participants at
30%sec, 90%sec, 150°sec and 250°sec, using a warm-up with three submaximal
contractions at each speed prior to actual test. Three to six repetitions were performed
by the participants for obtain the maximum value for each velocity. Also, a 5-second
rest period between concentric and eccentric action of the muscle, a 30-second rest
between successive concentric/eccentric action pairs and a 2-minute rest between
each velocity was provided during the testing. Camara et al. (2010; 2012) have used
five repetitions for testing the concentric knee flexion and extension strength of their
participants at 60°/sec in the reciprocal contraction mode. Three to five familiarization
trials were allowed prior to testing. Blazquez et al. (2013) have investigated the optimal
rest period between sets while testing concentric knee flexion and extension at
60°/sec, 180°%sec and 300°%sec. All velocities were tested with 5 repetitions. Owens et
al. (2014) have used four maximal repetitions when testing maximal knee flexion and
extension strength at 60°sec and 180°sec. Vodi¢ka et al. (2014) have assessed
isokinetic strength at 30°/sec and 60°/sec with 5 repetitions for each velocity. A warm-
up protocol consisting sub-maximal repetitions were used before the actual test.
However, the repetition number was not reported. Nugent et al. (2015) have used 5
repetitions to assess the strength of knee flexion and extension at 60°/sec, 120°sec,
180°/sec and 240°/sec.

Even all of these recent studies have used different repetition numbers, different
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warm-up protocols, different contraction types and different velocities; they all have
cited the study by Baltzopoulos and Brodie (1989) to justify their repetition numbers.
To further understand why this old study is still being used in recent publications, the
review was critically appraised. The review has suggested that the sufficient trial
numbers to achieve the maximum performance should be from 2 to 6 maximal
repetitions during the isokinetic testing. However, when investigated, the conclusion
of the writers was grounded by only one piece of empirical research (Sawhill et al.
1982). There was one reliability study (Johnson and Siegel 1978) and other
unsupported subjective choices of previous researchers, which the choice of the trial
numbers have not been tested objectively (Jenkins et al. 1984; Dibrezzo et al. 1985;

Appen and Duncan 1986; Baltzopoulos et al. 1988).

In the study by Sawhill et al. (1982), 5 males were tested for leg extension and flexion
movements for the trial numbers to achieve the stable muscle performance at
200°/sec, 300°%sec and 400°sec. The study defined stability as the event when the
cumulative means were within 25% standard deviation of the grand mean. While the
researchers tested only 5 repetitions, the order of speeds (ascending/descending) or
test protocol (reciprocal/discrete) were not reported. In addition to this the contraction
mode (concentric/eccentric) was not specified. The study suggested at least 4
repetitions to achieve the stable muscle performance during isokinetic testing, but
there is no strong evidence to support this recommendation. Also, the sample size of
the study was very small, only 5 subjects were included in the test. Another weakness
of the study was the standard deviation percentage. 25% may present very high
values; therefore, high degrees of variation in terms of strength. Thus, this variation
range might not present a real ‘stable’ performance. Interestingly, the tested velocities
were very high and are not commonly used in clinical practice. Therefore, these values
may not provide a satisfactory level of evidence to decide the repetition numbers within
the sets.

In the reliability study by Johnson and Siegel (1978), knee extensor muscle
performance of 40 females were tested on three separate days with 6 repetitions on
each day. Prior to maximal 6 repetitions, 3 submaximal warm-ups were performed by
the participants. The velocity of the test was 180°sec. The subjects were given 20
seconds of rest between trials without referencing a source for the choice of this time.
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The researchers suggested 3 sub-maximal repetitions followed by 3 maximal
repetitions were the essential warm-up for the stable measures at the given velocity
of knee extension, based on the high reliability after eliminating the 3 submaximal and
the first 3 maximal repetitions. Correlation coefficients of the test were as high as 0.99,
when the reliability was calculated by comparing the means of the last three maximum
contractions. This result indicates that this protocol is highly reliable and can detect
the changes in the strength in clinical practice. However, the results of this study may
not be suitable to conclude that 3 submaximal and 3 maximal repetitions were enough
to get the maximum stable performance. The repetition numbers in the study were
limited to 6. The high velocity (180°sec) of the test may indicate that more repetition
numbers may be required to achieve the maximum values. When the provided data
were examined, an increase can be seen in the mean values from the fourth trial to
the sixth trial. Even if the results were reliable, it may be assumed that the means
could continue to increase after the sixth trial. Six trials may not be enough to achieve
the maximum performance, as the repetitions may not be enough for the recruitment
of motor units within the muscle (Raven et al. 2012). Therefore, the values may be the
submaximal performances of the participants. Also, an important point about the study
was that they have used a 20-second rest period between each trial, which might affect
the physiological changes within the muscle. It is shown that when a rest-period is
provided after a contraction, the PCr recovery occurs up to 70% within 20-30 seconds
while the ATP-PCr recovery occurs within the following 3-5 minutes (Harris et al.
1976). A rest period between each trial may provide recovery and result in a greater
performance. Testing with a long rest period may give errors when the aim is to obtain
the consistent maximum performance of the participant. Generally, the isokinetic tests
are performed continuously in clinical practice with reciprocal contractions, which
involves both agonist and antagonist muscles within the test; or with concentric and
eccentric contraction of the agonist muscle consecutively. Also, the nature of many
movements generally requires continuous repetitions without long rests. Therefore,
providing a long rest period may change the physiological adaptations to the
movement and affect the time to achieve the maximum performance. Additionally, it
was not mentioned if the contraction mode was concentric or eccentric. The failure to
report the contraction mode decreases the validity of this protocol for different
contraction modes (concentric/eccentric). While the reliability is high, this protocol can
be used to determine the performance changes of the muscle. However, it cannot be

29



assured that this protocol gives the maximum performance. Additionally, these results
can be useful only for tested velocity and with the same rest period between the trials.
Therefore, it cannot be assumed that these repetition numbers are suitable for the
other velocities (such as lower velocities as 30°sec, 60°/sec), as the contraction time
is different for each velocity; as well as other protocols such as the tests involve
reciprocal contractions. When compared to the study by Sawhill et al. (1982), these
results provide much stronger evidence. The velocities used by the studies were
comparable, as Sawhill et al. (1982) also used 200°sec, which is close to 180°%sec
chosen by Johnson and Siegel (1978). However, both studies have reported different
trial numbers for their protocols. While Sawhill et al. (1982) suggests the use of the
first four trials, Johnson and Siegel (1978) suggests almost the opposite by excluding
the first 3 sub-maximal and 3 maximal repetitions. Even there are differences between
test protocols; for example, the rest periods between the trials may not be the same
(Sawhill et al. (1982) has not reported the rest times or contraction mode), the study
by Johnson and Siegel (1978) provides a greater evidence as their protocol is proven
to be reliable. The study by Sawhill et al. (1982) have not tested the reliability of their
protocols and accepted 25% change in performance as stable, which gives a really

high degree of variation in terms of muscle strength.

Li et al. (1996) have cited the studies by Sawhill et al. (1982) and Johnson and Siegel
(1978) for their choice of trial numbers in their reliability study. Li et al. (1996) have
also cited another study by Mawdsley and Knapik (1982) to justify their choice of trial
numbers within sets. Mawdsley and Knapik (1982) have tested 16 participants in three
sessions to find out if there is a change across sessions or trials in terms of mean peak
torque. The study only investigated concentric knee extension at 30°sec. The
participants have performed 6 maximal contractions without any prior warm-up. During
the test, a one-minute rest period was given between the trials without any reported
reason. The testing sessions were completed in 6 weeks, with 2 weeks of rest between
each test. There was no difference in terms of mean peak torque between three testing
sessions. The researchers have also concluded that the participants should perform
at least one maximal trial to ensure reproducible values if they are tested only at one
session. The reason behind that was the difference between the values of the first
trials of three sessions. While the first trial was the highest at the first session, it was
the lowest at the second and third sessions. Also, the only statistical difference
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between trials was between the first and the third trial of the first session. When the
provided graphs were examined; it is seen that the maximum peak torque was
performed at the first trial of the first test session; decreasing gradually until the third
trial by less than 10%. The third trial was the lowest value throughout the first session.
The second and third sessions showed the maximum values at fifth and fourth trials,
respectively. Interestingly, the difference between the maximum value and the first trial
was again less than %10 in the second and third sessions. Also, there was no
difference between the maximum values between three sessions. The participants just
reached the maximum value at different trial numbers. However, the range of the
values were almost the same. When the first value of the first test session is excluded,
the maximum peak torque would be different from the second and third testing
sessions; therefore, may not result in the same high reliability as reported by the
investigators. The reliability measurements were done by including the first trial of the
first session. The writers also reported that in the first session, some participants have
indicated that the movement was not comfortable and all the subjects reported that
there was a difference in feeling. While these reports were not objectively presented,
the researchers suggested that some inhibitory mechanism may have prevented the
participants to perform better after the first trial. There was no objective data behind
that assumption, and this may be the reason why the participants performed lower at
the following trials after the first one at the first session. The willingness of the
participants is an important factor during isokinetic testing, if the participants have not
tried their best after the first trial, then the decrease in the value is normal and may not
present the real maximal value. It is seen that the performance at the second and third
testing sessions increases gradually from the first trial. The participants might have
thought that they had 6 repetitions to perform their best and increased their force
through the repetitions intentionally. This may also be the reason of the difference
between the first and third trials at the first session. Participants might have experience
hardness at the first trial and may not perform voluntary maximal at the second and
third repetitions. The gradual decrease may be the result of the willingness of the

participants.

As reported earlier, Sawhill et al. (1982) have used 25% to decide stability of the
performance. In the study by Mawdsley and Knapik (1982), the range of almost 10%
was not assumed enough for the ‘stable’ performance. There are no specified ranges
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for the performance changes, also the difference between the tested velocities makes
the comparison of the studies difficult. While Sawhill et al. (1982) have tested the
participants at 200°sec, 300°sec and 400°%sec; Mawdsley and Knapik (1982) have
used 30°%sec. The physiological demands of the muscles are not the same at different
speeds. Another important difference was the rest time between each trial. The study
by Sawhill et al. (1982) has not reported if the testing sessions included any rest period
between each trial, but Mawdsley and Knapik (1982) have given a one-minute rest
between each trial. As discussed earlier, different rest times provide the muscle
different recovery times. Also, in clinical practice, the tests are generally performed
without long rests between trials. These may decrease the validity of the results of

these studies for clinically common test protocols.

Mawdsley and Croft (1982) have investigated if a 3 sub-maximal warm-up would affect
the peak torque during isokinetic measure of knee extension strength. Twenty subjects
were tested into two groups, one group with a prior 3 sub-maximal warm-ups and the
other group without any warm-up, with six repetitions at 30°/sec. The study population
were experienced with the isokinetic dynamometer test of knee. Subjects were told to
increase the torque gradually during the warm-up. After the warm-up, subjects were
rested for one minute. One minute rest was also provided between trials; which shows
that the same protocol as Mawdsley and Knapik (1982) was used. The study has
reported no differences in maximum peak torques between the groups. However,
when the graphical result of the groups was observed, it is seen that the pattern of the
mean peak torques were different. The results of the non-warm-up group were more
consistent in the graphical representation, without any excessive changes within the
given repetitions. Even it was not significant (p < 0.051), the difference between the
first and second trial in the sub-maximal warm-up group was very close to a significant
difference. One possible explanation of this difference may be that the sub-maximal
trials may have affected the ability of the participants to give their maximum
performance at the real testing session. The researchers concluded that the warm-up
repetitions were adequate to prevent any discomfort during the testing; however, this
conclusion was not driven from any objective data, it was just the subjective responses
of some of the participants during the test as reported by the researchers. Overall, 3
submaximal warm-up trials have not affected the overall maximum peak torque for the

specific testing protocol, even the patterns of the maximum values were different.
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The main limitations of the studies by Mawdsley and Knapik (1982) and Mawdsley and
Croft (1982) was the 1-minute rest period between each trial. This rest period is
considered as a ‘limitation’, because recent investigators generally used the
continuous mode for the testing, which is because of the continuous nature of
movements in real life activities. When a long rest period is provided, a recovery occurs
within the muscle (Harris et al. 1976). This may change the use of the energy systems
at the following movement. Therefore, the recommendations of these studies may not
be suitable for a continuous test protocol or a protocol with shorter rest times between

each trial.

A study by Wyatt and Edwards (1981), have reported that during an isokinetic test of
reciprocal muscle strength, the second and third repetitions are the peak torque values
during extension. However, the findings were not reported as the aim of the study was
not to find out the required repetition numbers to reach the maximum performance.
The conclusion made by the researchers were not supported with any graphs or data.
Also, when the testing protocol was observed, it was seen that their protocol was
consisted of a practice exercise bout at 120°sec followed by 5 to 10 practice
repetitions at each tested speed; including 60°sec, 180°%sec and 300°sec. The
researchers reported that the repetition numbers were limited to prevent fatigue;
however, it was not proven that these 5 to 10 repetitions have not caused any
decrease in the performance. Also, it was not mentioned if these repetitions were
maximal or submaximal. The participants might have performed their maximum peak
torques during these practice exercises. The participants were given a 2-minute rest
period before the actual test; however, the selection of this rest period was not
supported by the investigators. Considering these weaknesses of the study, the
conclusion of the researchers about the repetition numbers to reach the maximum

peak torque must be interpreted with caution.

Isokinetic tests were also performed without any certain repetition numbers, where the
test continued until the subject was unable to increase the peak torque (Aagaard et al.
1995). However, in the clinical settings, some tests may be performed consecutively,
generally on the same day. Testing the subjects until they are fatigued may result in a
decreased performance on the following tests. Even there is only one test on one day,
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the shortest and the most comfortable test protocol should be aimed and performed
for the benefit of both the clinician and the tested subjects. Also, it should be noted
that fatigue may result in an increased injury risk (Mclean and Samorezov 2009; Small
et al. 2010). This is specifically important for the athletes, as they may be tested on
one day and perform a training or match on the following day. Thus, deciding the
required repetition numbers during the isokinetic testing may provide both shorter and

safer testing protocols.

The studies by Johnson and Siegel (1978), Mawdsley and Knapik (1982) and Sawhill
et al. (1982) were also discussed in book chapters to decide the trial numbers to
achieve stable measurements (Osternig 1986). However, it is seen that the different
populations in terms of gender and experience on the isokinetic dynamometry,
different testing protocols (including different rest periods between trials, different
velocities and different contraction types) and trial efforts (submaximal or maximal)
have resulted in contradictory results. The recommendation paper by Brown and Weir
(2001) have suggested the use of maximum 5 repetitions if the aim is to test the
strength on the isokinetic dynamometer. However, no empirical study was referenced
for this assumption. From a physiological point of view, this recommendation may be
useful for lower velocities, as the ATP-PCr system is the main energy supplier during
the first 15 seconds (Serresse et al. 1988). However, for higher velocities, the
maximum strength may not be measured with just 5 repetitions. The subjects may
need more repetitions to use the ATP-PCr system fully, as the contraction time at
higher velocities is less than the contraction time at lower velocities. Also, this basic
research knowledge should be transformed into applied research by testing the

subjects with clinically useful machines, in this case the isokinetic dynamometer.

It is obvious that there is a gap in the literature to provide empirical evidence to decide
the required repetition number to achieve the maximal consistent performance during
the isokinetic strength testing. While too few trials may result in an unachieved
maximum performance, too many trials may result in fatigue and risk the tested
subjects, which is ethically not suitable. Therefore, the trial numbers until achieving
the maximum stable performance is clinically important. As discussed in this section,
studies into the optimum number of trials have rarely been undertaken before a
considerably long time ago, and these studies have some methodological limitations.
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The use of different velocities, contraction types, test orders and rest periods also
makes it difficult to compare the findings of the studies and decide an optimal test
protocol. The primary focus of the current study was the repetition numbers within the
sets, to determine the trial numbers to achieve the consistent maximum performance.
Following the findings of the current study, the primary variable of an isokinetic test,
the repetition numbers within the sets, will be decided with an objective data. Without
standardising the trial numbers within sets, other variables in the isokinetic test may
not be meaningful, as too few trials within a set may cause the participants not to
achieve their maximum performance or too many trials may cause fatigue and affect
the following sets or other tests. Therefore, the current investigation aims to fill this
gap by providing these repetition numbers for the most tested movement, knee flexion
and extension at the mostly used velocities, 60°/sec and 180°sec. The study will also
investigate whether there is a difference between concentric and eccentric contraction
types. Some studies have reported poorer reliability for eccentric testing when
compared to concentric (McCrory et al. 1980; Tredinnick and Duncan 1988; Wessel
et al. 1988). As the eccentric contraction type on the isokinetic machine is slightly
different from the natural movement, when compared to the concentric mode and its
nature, it might be expected that the tested subjects may need more repetitions to
understand the movement and maximize their effort. It was also suggested by Wessel
et al. (1988) to practice the test one week before the actual test date to increase the
reliability, especially for the eccentric measures of knee extension. However, in most
clinical settings, it is not practical to call the subjects twice and is also an additional
expense that would be better to avoid. Thus, a testing protocol that would both provide
the learning phase and getting used to the machine in the same session would be

practically useful in most research and clinical settings.

2.5.Summary

Isokinetic strength testing provides valid and reliable data when objectively
investigating the dynamic muscle strength and determine changes in muscle
performance in both clinical and research environments. However, the researchers
should control the different factors affecting the results of their investigations. These
factors include the planning of the protocol in relation to the aim of the test, safety of
the tested subjects, familiarization to the isokinetic machine, general and specific

35



warm-up procedures, proper stabilization and positioning. While some of these factors
generally have been investigated in the literature, the testing protocol is still
inconsistent, even in the studies with the same aim. It is shown that to obtain the
maximum strength, the peak torque should be used as the quantification. While
generally lower velocities have been used to assess the maximum strength, the
physiological demands of the tested population sometimes require higher velocities to
be tested during the strength measurements. It is known that different velocities results
in different contraction times, therefore different physiological demands. However, in
the literature, different velocities have been tested in the same session with the same
procedure. The physiological differences may require different protocols during the
testing, as shown in the studies investigating the rest period between sets proved that
different velocities require different rest periods for recovery after the contraction.
Another different point is the contraction type, concentric and eccentric contractions
have different physiological processes, therefore may require different testing
protocols. It is clear from the literature review that less attention has been paid to the
repetition numbers within the sets until now. Some early studies have investigated the
optimal number of trials to obtain a consistent data; however, all these studies have
some methodological limitations as discussed earlier. Also, a distinction between
velocities and contraction types has not been made with all isokinetic testing being
seen as homogenous. While the repetition number within sets is inconsistent in the
studies, generally maximum 5 repetitions were used by the investigators. This
repetition number may seem reasonable from a physiological perspective at lower
velocities, as the contraction time is suitable to assess the ATP-PCr and anaerobic
glycolytic system. However, the higher velocities may require longer contraction times
to use both anaerobic energy systems. Fibre types within the muscle was also shown
to be affecting the force production. Therefore, different muscle groups may show
different fibre recruitments during contraction. While most studies investigating
suitable protocols have tested knee extensor muscles, knee flexor muscles are also
commonly tested in the clinical practice. Therefore, standardization of the testing

protocol for knee flexion is also important.

2.6.Aim of the Study

The main aim of this study is to find out the required repetition numbers to achieve the
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consistent maximum performance during isokinetic strength testing of knee flexion and

extension at two mostly used velocities of 60°/sec and 180°sec for both concentric

and eccentric contraction types.

2.7.0Dbjectives of the Study

To find the required repetition numbers to achieve the consistent maximum

performance during isokinetic concentric knee extension test at 60°/sec.

To find the required repetition numbers to achieve the consistent maximum

performance during isokinetic eccentric knee extension test at 60°/sec.

To find the required repetition numbers to achieve the consistent maximum

performance during isokinetic concentric knee flexion test at 60°/sec.

To find the required repetition numbers to achieve the consistent maximum

performance during isokinetic eccentric knee flexion test at 60°/sec.

To find the required repetition numbers to achieve the consistent maximum

performance during isokinetic concentric knee extension test at 180°/sec.

To find the required repetition numbers to achieve the consistent maximum

performance during isokinetic eccentric knee extension test at 180°/sec.

To find the required repetition numbers to achieve the consistent maximum

performance during isokinetic concentric knee flexion test at 180°sec.

To find the required repetition numbers to achieve the consistent maximum

performance during isokinetic eccentric knee flexion test at 180°/sec.
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3. METHODOLOGY

3.1. Study Design

An observational study was undertaken using the Kin-Com 125E Isokinetic
Dynamometer (Kin-Com, Kinetic Communicator, Chattecx Corporation, Chattanooga,
Tennessee, USA) for repeated testing of muscle strength. This was to explore trial
numbers to reach the maximum performance consistency and identify when the
effects of fatigue are seen during the isokinetic testing of knee flexion and extension
for both concentric and eccentric strength at 60°/sec and 180°%sec. The aim was
collecting data prospectively from a group of participants and exploring the existing
patterns of performance. The study did not aim to change or manipulate any of the
data of participants by any intervention. There was no grouping, comparison or
exploring the relationship between different variables. Therefore, a descriptive

observational study design was chosen (Portney and Watkins 2014).

3.2.Sample Size

The study aimed to determine the clinical numbers for a testing protocol and inform
the clinical practice. Therefore, firstly a convenience sample size of 30 participants
was utilized for the graphical analysis of the data. After counting the 8 possible test
orders, which will be explained in the ‘Venue and Instrument Setting’ section, it was
decided to include 2 males and 2 females for every test order to minimize any possible
order or gender bias. This resulted in 32 participants (16 males and 16 females)
overall. It was considered inappropriate to conduct a power calculation therefore. G

Power was not used in this study as the study is not examining statistical differences.

3.3.Participants

A total of 32 participants were included in the study. An overall sample of 32
participants (16 male and 16 female) were tested. Equal numbers of male and female
participants were included to minimise the gender effect. All participants were recruited
from the postgraduate students of School of Healthcare Studies, Cardiff University.
The inclusion and exclusion criteria were applied to increase the validity of the test
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and accuracy of the data. The inclusion and exclusion criteria are to ensure safety

during maximal muscle testing.

3.3.1. Inclusion Criteria

The inclusion criteria for the participants were as follows;

Age range of 18-35 years.

Performing physical activity for at least 30 minutes, 3 times per week to avoid
sedentary subjects and provide the minimal requirements of physical activity.
(American College of Sports Medicine, 2013).

Being able to understand and perform the instructions and provide informed consent.
Having no experience on the isokinetic dynamometer. Any experience might change

the understanding of the movement and may alter the performance pattern.

3.3.2. Exclusion Criteria

The exclusion criteria for the participants were as follows;

Any previous fractures or surgeries to the musculoskeletal structures in lower
extremity.

Any acute injuries of lower extremity in the previous 3 months.

Any cardiovascular or neurological disorders.

Any ergogenic dietary supplementation intake. It may change the performance and

the onset of fatigue; therefore, decrease the test validity (Tokish et al. 2004).

3.4.Ethical Considerations

A study proposal was submitted and approved by the Cardiff University School of
Healthcare Sciences Ethics Committee (Appendix V). All participants were provided
with written information regarding the study aim, study protocol and risk for injuries
with a participant information sheet (Appendix V1) 36 hours before the study to decide
whether they would like to volunteer for the study or not. Participants also had the
chance to ask their questions about the study. The questions were answered by the

39



main investigator in a way that all participants could easily understand. Written consent
was obtained from all participants before beginning the testing procedure on the test
day (Appendix VII). Participants were informed that they had the right to leave the

study at any time without reporting any reason.

3.5.Data Protection

Personal information and data protection was handled according to Data Protection
Act (1998). The information was not used in any other research or work other than that
has been told to the participants, all the information was used for the intended purpose.
For safe and secure storage, there was only one hard copy of the information and test
data of participants. Only the main investigator was able to access to those files kept
in a locked cabinet. The computer of the main investigator used to analyse the data.
Both the computer and the files were password protected. During the tests, only the
given numbers to the participants and their initials were written on the system of the
isokinetic dynamometer to protect the confidentiality. As this study is a clinical
research, the data will be protected under the same conditions for nearly 15 years and

subsequently destroyed in accordance with the Data Protection Act (1998).

The study did not include any sensitive data such as ethnic origin, religious beliefs,
political opinions or sexual preferences; therefore, stricter controls were not used
(Data Protection Act. 1998).

3.6.Risk Assessment
As the study includes a testing protocol with an isokinetic machine, there was a risk of
injury. These injuries could be a muscle tear or possible discomfort from soreness.
The risk of these injuries was calculated following the guide from Economic and Social

Research Council Framework for Research Ethics (2015).

Table 1: Risk of Injuries

Injury Likelihood Severity Risk
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Muscle Tear 1 3 3

Muscle Soreness 5 1 5

Considering the likelihood and severity of the injuries, there was tolerable risk for all
possible injuries. According to the guideline, no further action was needed when the
injury risk is low (0-5). However, some precautions were taken to minimize the
likelihood of any injuries. Two of these precautions were the warm-up protocol applied
before the test. It aimed to reduce the possibility of a muscle injury (Woods et al. 2007).
Another precaution was the education of the participants. All participants were
educated about muscle warm-up and practicing gentle exercises after the test to
reduce soreness (Cheung et al. 2003).

Contact details of the researcher was shared with the participants so they were able
to discuss their situation if they had any discomfort following the test. The researcher
was familiar to the instrument and the venue. Due to the nature of the test, there was
no risk of harm or injury to the researcher. Despite all the precautions, first aid was
available in the study lab in case of any acute injury. No injuries occurred during the

study period.

3.7.Venue and Instrument Setting

The Kin-Com Isokinetic Dynamometer at Cardiff University School of Healthcare
Sciences, the Research Centre for Clinical Kinesiology (RCCK) was used to perform
the tests. Permission to access the RCCK and Kin-Com Isokinetic Dynamometer was
acquired from the Healthcare Simulation Team via e-mail (Appendix I). The area for
the Kin-Com Isokinetic Dynamometer was booked for every participant individually
through the study period via e-mail using the booking form (Appendix Il). The area
also included a stationary bicycle (Monark, Ergomedic 828E, Sweden); used for the

warm-up protocol.
The Kin-Com provides four modes of exercise; these are isokinetic (concentric and

eccentric), isometric, isotonic and passive. These modes can be tested at different

angular velocities ranged between 0°/s and 210°/s (Malone 1988). The system
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reliability of the Kin-Com isokinetic dynamometer was previously reported as high for
the functions of lever arm position, lever arm velocity and force measurement (Farrell
and Richards 1986). The Kin-Com is also validated as a muscle performance
evaluator as it produces the same values for repeated measurements of torque for the
given subject if the machine is calibrated correctly (Hanten and Lang 1988). The test-
retest reliability of the Kin-Com for knee muscles was also demonstrated by several
studies for knee flexion and extension for both eccentric and concentric contractions
at different angular velocities of 60°/sec, 90°/sec, 120°/sec and 180°/sec (White and
Protas 1985; Harding et al. 1988; Tredinnick and Duncan 1988; Kramer 1990).

The most frequently assessed velocities, 60°/sec and 180°/sec, were tested in this
study (Celes et al. 2009; Lundgren et al. 2011). Each velocity was tested on one leg
of the participant for both flexion and extension. The velocities were randomly
assigned to the right and the left leg to allow for multiple testing on a single day,
minimising the effect of fatigue on subsequent testing. Leg order and flexion/extension
order were counter-balanced to minimise any possible order bias. This allocation
procedure resulted in 8 possible testing protocols. As this study includes 16 males and
16 females, each protocol was used for two males and two females. A list of these test

orders can be found in Appendix IlI.

The Kin-Com isokinetic dynamometer used in this study was calibrated according to

the manufacturer’s instructions before the testing period in June 2017.

The Monark stationary bicycle (Monark, Varberg, Sweden) was used in warming-up.
The warm-up was a 10-minute active cycling protocol specific to lower extremity.

There was no resistance to avoid fatigue.

3.8.Pilot Study
Prior to actual data collection, a pilot study was completed with one participant to
determine the required time to complete one test, to allow the researcher to familiarize

with the instrument and to find out if the proposed protocol was suitable for the

practice. The results of the pilot study were not included in the final analysis.
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The study focused on the required trial numbers to reach the maximum performance
and maintain consistency, and the beginning of fatigue during the isokinetic testing of
knee flexion and extension for both concentric and eccentric contractions. Therefore,
it was planned to require the participants to continue to the test until they were not able
to continue because of fatigue. However, during the pilot study, the Kin-Com isokinetic
dynamometer did not allow to repeat the movement more than 12 times. As a
limitation, the test had to be completed in 12 repetitions and therefore the data were

limited to 12 values for each movement.

Another issue noted during the pilot study was the data extraction from the computer.
The printer of the system was not working; therefore, the best way to extract the data
was writing them down right after the tests. For that reason, a specific sheet was
designed for every participant to write down the test results as peak torque of every
repetition for concentric and eccentric contractions. The participant data sheet was
specifically designed for 8 different test orders which was reported earlier. 32
participant data sheets were prepared in accordance with the test orders. An example
participant data sheet can be found in the Appendix IV. On the test day, participant
data sheets were put into envelopes and sealed. The envelopes were put on two sides
of a table; one side was for males and the other side was for females. Subjects
randomly took one of the enveloped sheets on the table in accordance with their

gender. After this random allocation, subjects were tested in their allocated test order.

The pilot test was firstly performed without verbal encouragement to the subject.
However, this resulted in decreased performance and unmeaning patterns in the test
results. After that, it was realized that the subjects had to be motivated and encouraged
to give their maximum performance from the first repetition until the last. Therefore,
during the normal data collection, the subjects were encouraged verbally to do their

best for every repetition consistently.

During the piloting, the required time for the whole procedure was found as
approximately 40 minutes per subject. This time included the preliminary paperwork,
measurement of the demographics, warm-up and testing protocol. After including the
data extraction from the computer, it was found that approximately 1 hour per subject
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was needed to complete the whole procedure. Therefore, the overall testing procedure

of one subject required 40 minutes of the participant and 1 hour of the investigator.

3.9. Study Protocol

Participants were recruited from postgraduate students of Cardiff University with flyers
and referral from the people who completed the study. Applicants were assessed for
their eligibility for the research by the main investigator. Inclusion and exclusion criteria
were checked verbally for each applicant. All applicants meeting the inclusion and
exclusion criteria were provided with written information about the study and given 36
hours to decide whether they were volunteering to be a participant. Participants were
aware of their right to stop or leave the test at any time without giving any reason. After
the decision, a suitable date and time were arranged for the test. The Kin-Com
isokinetic machine was booked for every participant from Cardiff University Healthcare
Sciences Laboratory via e-mail using the booking form. All participants were advised
to wear proper and flexible clothing for the test day to allow free movement of legs and
avoid extreme heating in the body. Subjects were required to stop smoking, exercising
and consuming alcohol at least 24 hours before the testing; as they might alter the
muscle performance (Barnes et al. 2010; Degens et al. 2015). Avoiding heavy meals
at least two hours before the testing was also instructed to the participants.

On the test date, participants were once again informed about the risks of the study
and the precautions the researchers took to decrease the likelihood of any injury.
Written consent was obtained from every participant before the testing protocol. Before
beginning the test, all participants were encouraged to immediately stop the test and

tell the investigator if they feel any discomfort or pain during the test.

Participant demographics and baseline information including sex, age (y), height (m)

and weight (kg) was collected by the main investigator.

The procedure began with a 10-minute cycling warm-up. The seat height of the
stationary bicycle was adjusted for each participant. There was no resistance to
prevent any possible fatigue. The participant decided the pace; they were instructed
to find their comfortable pace without excessive effort. After the warm-up, the
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participants were directly set on the isokinetic machine to start the test.

The initials of the participant, height and weight were entered into the Kin-Com
isokinetic dynamometer computer. Also, the tested leg (right or left) was selected from

the computer system according to the test order of the participant.

Each participant was seated on the Kin-Com seat with the back supported and the hip
at an 80° angle. The seat and dynamometer height was arranged individually for
proper alignment. The pelvis was stabilised with a strap to minimize body movements
during testing. The distal end of the femur was placed over the pad attached to the
bench and stabilised with a strap to isolate the optimal movement of the knee. The
axis of rotation of the dynamometer arm was positioned individually just lateral to the
lateral femoral condyle, aligned with the axis of rotation of knee joint. The lateral
femoral condyle was determined by palpation. The distal pad of the lever arm was
positioned just above the medial malleolus to allow full ankle dorsiflexion. The
described position is shown in Figure 1. The length of the lever arm then recorded and
entered to the computer system. The anatomical zero position was identified as full
knee extension. The range of motion of the knee joint was set between 5° and 90° (0°
= Straight Knee). The straight knee was avoided for safety reasons and 5° flexion was
left, the maximum knee extension was 175° during the test. The gravity adjustment
was done by the computer automatically with the movement of the leg between
specified ranges; the movement also helped to ensure the alignment of the axis of

rotation and normal movement.
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Figure 1. The position of the participants on the isokinetic dynamometer.

The test day was the first time on an isokinetic dynamometer for the participants;
therefore, the movement were not familiar to them. The concentric movement was
instructed as ‘Extend/bend the knee against the shin pad on the lower leg’ and the
eccentric movement was instructed as ‘Resist the lever during the extension/bending’.
Participants were not allowed to practice the movement sub-maximally or maximally
to avoid any familiarization before the test. Only movement was done by the

researcher passively in the beginning to arrange the machine.

The CON/ECC test mode in the KIN-COM dynamometer was selected for the testing.
In this mode, all movements begin with concentric contraction and end with eccentric
contraction of the same muscle group. Also, the investigator should start the
movement for each discrete contraction by pressing a key on the computer keyboard.
After the set-up, the test velocity was entered into the computer and the test begin with
the assigned movement (flexion or extension) and continued until the 12 repetitions
were completed. For the flexion, the leg was positioned in 175° extension; and for the
extension, the leg was positioned in 90° flexion. Each contraction started with the
instructions of the researcher with encouraging words like ‘Go/push/pull as much as
you can’. After the contraction, the machine stopped and the researcher again started

the movement by pressing a key from the computer keyboard. Each discrete

46



contraction was separated by 1-2 seconds from each other. Each concentric
contraction was followed by an eccentric contraction. The whole testing was pushing
or pulling the shin pad and then resisting the lever while it was moving on the opposite
direction.

After finishing the first test, the opposite movement were chosen for the next test.
When both movements were tested, the arm of the isokinetic dynamometer was
moved to the other leg. The same set-up procedure was completed for the other leg
too, and then the assigned velocity (60°/s or 180°/s) was tested on the other leg with
the same testing protocol. The participants were permitted to hold on to the sides of
the bench during the test and verbally encouraged by the researcher to give their
maximum effort. Visual feedback from the monitor was also given during the test (Kim
and Kramer 1997).

All tests were conducted by the same investigator to minimise the examiner variability
and possible bias. At the end of the test, gentle exercises, including walking were
recommended to every participant to decrease the level of soreness (Cheung et al.
2003).

3.10. Data Analysis

The main outcome measure of this study was the peak torque. Peak torque is defined
as the single highest torque output throughout the range of motion of a joint movement
produced by the muscles (Kannus 1994). The Sl unit for Torque is the Newton meter
(Nm). The peak torque of each repetition of concentric and eccentric contractions was
recorded separately.

The demographic data were sex, age, height, and weight of the participants.
Demographic data were calculated for their means and standard deviations, and

presented as a table.

All data was firstly imported into Microsoft Excel (Microsoft Excel for Mac, Version

15.32, Microsoft, Redmond, Washington, USA). The isokinetic test data was explored
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graphically. An average value for each repetition was produced for the two different
velocities (60°sec and 180°sec), two different movements (flexion and extension),
and two different contraction types (concentric and eccentric) which resulted in 8
different graphs. Each graph was explored separately in order to identify suitable cut-
off points that would allow for determination of the peak performance or fatigue. To
define both the consistent peak performance and fatigue horizontal trend lines were
placed on the graph at specific values. The first value was the maximum value and the
second was a variable value represented by the SD or a proportion of the SD. This
second value was manipulated until there were three consecutive values between the
two trend lines. These repetitions represented the first three consecutive repetitions
and were taken as the first three repetitions that were consecutively closest to the
peak performance. Fatigue was defined on the same graph as the first three

consecutive repetitions that fell below these trend lines.
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4. RESULTS

The results section will present the demographic data of the participants and the
isokinetic test results of the study.

4.1.Descriptive Statistics
The data for 32 subjects (16 males and 16 females) were included in the analysis. The
demographic data included age, height and weight; are shown in Table 2. The
demographic data were similar to a normal postgraduate student population

demographic.

Table 2: Demographic Data of the Participants

w ] Standard
Minimum Maximum Mean e
Deviation
Age (y) 18 32 25.66 3.56
Height (cm) 153 181 168.31 7.94
Weight (kg) 45 107 65.31 14.45
Key: y=years, cm= centimetre, kg= kilogram

4.2.1sokinetic Tests

The following section will present the results from the isokinetic testing. There are total
of two different directions and two types of contraction along at two different speeds.
This gives a total of 8 separate aspects of the data. The 60°sec will be presented first
and then the 180°sec.

The isokinetic test results are presented in individual graphs for knee extension and

flexion for both concentric and eccentric contractions, at 60°/sec and 180°sec. The
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mean peak torque lines, the maximum peak torques and different ranges of maximum

peak torques are shown with different coloured lines in each graph.

The horizontal axis of the graphs shows the repetition number while the vertical axis
shows the mean peak torque (Nm) for each repetition. The black line represents the
values for every repetition. The red line is for the point where the performance reaches
to the maximum. After identifying the maximum peak torque, each graph was
evaluated for different ranges of the maximum value, for identifying 3 consecutive
points within a minimum range. Once the repetitions are plotted then horizontal trend
line were added at set levels. The first horizontal trend line is set at the peak value. A
second trend line is added at a lower value until three consecutive repetition are
between the two trend lines. This is taken as indicating that the performance is
consistent. The objective was to find the first three repetitions that produce consistent

peak performance and the level that this was achieved.

4.2.1. Concentric Knee Extension Test at 60°/sec

The graphical view of the data for concentric knee extension test at 60°/sec is shown

in Figure 2.
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Concentric Knee Extension at 60°/sec
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Figure 2. Graph representing the peak torque for concentric knee extension plotted against the
repetition number. Horizontal lines for peak torque and 6% from the peak torque indicate the

level of peak data consistency.

For the concentric knee extension test at 60°sec, the trend overall was to see a
maximal performance at the start followed by a steady decline. It is clear that the first
three repetition fall between the peak value and the line representing a 6% reduction
from the peak. Participants could perform their maximum performance in the first and
second repetition attaining on average 283.41 Nm and 283.13 Nm respectively. The
third repetition also followed the first and second in the 6% range, which was followed
by an increased value at the forth repetition. After the fourth repetition, the values were
decreased and situated outside the range of 6% of the maximum peak value. The
eighth repetition also reached the range; however, there was only one value in the
range without any consecutiveness. Overall, the first four repetitions were enough to

reach the consistent maximum performance for this test.

4.2.2. Eccentric Knee Extension Test at 60°/sec
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The graphical view of the data for eccentric knee extension test at 60°/sec is shown in

Figure 3.

Eccentric Knee Extension at 60°/sec
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Figure 3. Graph representing the peak torque for eccentric knee extension plotted against the
repetition number. Horizontal lines for peak torque and 13% from the peak torque indicate the

level of peak data consistency.

For the eccentric knee extension test at 60°/sec, a similar trend to the data was seen
where the maximal was attained at the start of the repetitions followed by a decline in
performance on torque production. However, the decline was much more marked for
eccentric extension with the maximum value of 430Nm being attained on the first
repetition similar to the concentric test. The second and third values (380 Nm and 370
Nm, respectively) followed the first one with a decrease within the range of 13%, which
is greater than the concentric test. After the third repetition, the values continued to
decrease and stay out of the 13% range of the maximum peak torque. The first three
repetitions were enough to reach the maximum consistent peak performance for this

test.

4.2.3. Concentric Knee Flexion Test at 60°/sec
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The graphical view of the data for concentric knee flexion test at 60°/sec is shown in

Figure 4.

Concentric Knee Flexion at 60°/sec
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Figure 4. Graph representing the peak torque for concentric knee flexion plotted against the
repetition number. Horizontal lines for peak torque and 3% from the peak torque indicate the

level of peak data consistency.

For the concentric knee flexion test at 60°/sec, the maximum peak torque was at the
second repetition with 310 Nm. The first and third repetitions were in the 3% range of
the maximum performance, with the values of 301 Nm and 302 Nm, respectively. After
the third repetitions, the values decreased by 8% and the following values were out of
the 10% range of the maximum. The consistent maximum performance was reached
at the first three repetitions for this test, just as the concentric and eccentric knee

extensors at 60°/sec.

4.2.4. Eccentric Knee Flexion Test at 60°/sec

The graphical view of the data for eccentric knee flexion test at 60°/sec is shown in
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Figure 5.

Eccentric Knee Flexion at 60°/sec
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Figure 5. Graph representing the peak torque for eccentric knee flexion plotted against the
repetition number. Horizontal lines for peak torque and 2% from the peak torque indicate the

level of peak data consistency.

The maximum performance for the eccentric knee flexion test at 60°/sec was reached
at the second repetition with the value of 182 Nm. The third value was in the 2% range
of the second repetition with 178 Nm and the fourth value was almost the same as the
maximum value, with a smaller decrease lower than 1%. After the fourth repetition, the
values decreased and could not reach the 2% range of the maximum performance.
Differently from the tests for knee concentric and eccentric extensor muscle test and
concentric flexor muscle test at 60°/sec, the eccentric flexor test at 60°sec could not
perform the consistent maximum values in the first three repetitions. In this test, the
first value was 8% lower than the second (maximum) value with 167 Nm. The
maximum consistent performance was reached in the second, third and fourth

repetitions in this test.

4.2 5. Concentric Knee Extension Test at 180°%sec
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The graphical view of the data for concentric knee extension test at 180°/sec is shown

in Figure 6.

Concentric Knee Extension at 180°/sec
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Figure 6. Graph representing the peak torque for concentric knee extension plotted against the
repetition number. Horizontal lines for peak torque and 10% from the peak torque indicate the

level of peak data consistency.

The values increased gradually from the first repetition until the fifth, where it reached
the maximum value of 258 Nm. After the maximum value, the peak torque decreased
and made the third consecutive value in the 10% range at the sixth repetition with 236
Nm. Following repetitions could not get within the 10% of the maximum value
consecutively. For this test, the participants needed to continue until the sixth repetition

to reach the consecutive maximum performance with a 10% range.

4.2.6. Eccentric Knee Extension Test at 180°sec

The graphical view of the data for eccentric knee extension test at 180°/sec is shown

in Figure 7.

55



Eccentric Knee Extension at 180°/sec
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Figure 7. Graph representing the peak torque for eccentric knee extension plotted against the
repetition number. Horizontal lines for peak torque and 4% from the peak torque indicate the
level of peak data consistency.

For the eccentric knee extension test at 180°/sec, the participants could reach their
maximum performance at the second repetition with 474 Nm. The first and the third
repetitions were within the 4% range of the maximum value presenting at 469 Nm and
457 Nm, respectively. Following the third repetition, the values decreased dramatically
and could not get in the specified range. The first three repetitions were enough for
the subjects to perform the consecutive maximum performance, just like the tests for
concentric and eccentric knee extension at 60°sec, and eccentric knee flexion at

60°/sec.

4.2.7. Concentric Knee Flexion Test at 180°sec

The graphical view of the data for concentric knee flexion test at 180°/sec is shown in
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Figure 8.

Concentric Knee Flexion at 180°/sec
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Figure 8. Graph representing the peak torque for concentric knee flexion plotted against the
repetition number. Horizontal lines for peak torque and 4% from the peak torque indicate the

level of peak data consistency.

Participants performed their maximum consecutive performance in the first three
repetitions for the concentric knee flexion at 180°sec. The value started to increase
after the first repetition and peaked at the third repetition, from 308 Nm to 320 Nm.
The range for this test were found to be 4%, the same as eccentric knee extension
test at 180°/sec. Following the maximum value, the performance decreased and could
not reach the 4% range consecutively. This test was the same as the tests of
concentric and eccentric knee extension at 60°/sec, eccentric knee flexion at 60°/sec
and eccentric knee extension at 180°sec in terms of the required trial numbers for

consecutive maximum performance, which was found to be the first three repetitions.

4.2.8. Eccentric Knee Flexion Test at 180°/sec

The graphical view of the data for eccentric knee flexion test at 180°sec is shown in

57



Figure 9.

Eccentric Knee Flexion at 180°/sec
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Figure 9. Graph representing the peak torque for eccentric knee flexion plotted against the
repetition number. Horizontal lines for peak torque and 7% from the peak torque indicate the

level of peak data consistency.

The graph for the eccentric knee flexion test at 180°/sec was the most fluctuating and
inconsistent among the tests performed. Participants started with a low value and
could reach the maximum value at the eighth repetition after inconsistent increases
and decreases. However, the consistent performance could not be performed
consecutively within the range of the maximum value, the tenth, eleventh and twelfth
repetitions were the only consistent values within the 7% of the maximum peak torque.
The test was the only one which the participants could not continue their maximum
performance within the given range. The consistent performance required twelve

repetitions and it did not involve the maximum value within.
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5. DISCUSSION

In this chapter, the findings of the current study will be explained, discussed, and
compared to previous related studies discussed in the literature review. Firstly, the
demographic data of the sample will be discussed and then the isokinetic test results
will be analysed individually. Even the graphs will be discussed one by one, the
similarities and differences in different graphs will also be analysed and compared to
each other while synthesising with previous related studies. This will be followed by
the explanation of the limitations of the current study and some recommendations will

be given for future research.

5.1.Demographic Data

The study included both male and females. To decrease any gender effect, the same
number of participants were investigated for each gender. The target population was
physically active and healthy university students. When the demographic data is
analysed, it is seen that the mean (standard deviation) age of the participants was
25.66 (3.56). The height (standard deviation) and weight (standard deviation) was
168.31 (7.94) centimetres and 65.31 (14.45) kilograms, respectively. The data show
that the age, weight and height of the participants of the current study is representative

of the target population, healthy university students.

5.2.1sokinetic Tests

The isokinetic tests were resulted in 8 different graphs. There are two different
directions (knee extension and flexion), two different types of contraction (concentric
and eccentric), and two different angular velocities (60°sec and 180°sec). These
variables resulted in 8 different test protocols. Each of these protocols were presented
in the results section, beginning with knee extension, concentric contraction types and

slower velocities. In this section, the same order will be used to discuss these results.

5.2.1. Concentric Knee Extension Test at 60°/sec

The results of the concentric knee extension test at 60°sec showed that the
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participants could perform their best performance at the first repetition with 283.41 Nm.
This maximum performance was almost the same at the second repetition with 283.13
Nm. In the current study, three consecutive repetitions were aimed to identify the
degree of variation from the maximum performance. In this test, the three consecutive
repetitions were found in 6% range of the maximum peak torque. The first three
repetitions have provided the maximum performance of the participants. After the third
repetition, the fourth value was again in the 6% range; however, it did not exceed the
value of the first repetition. The values started to decrease from the fourth repetition
and stayed out of the 6% range from the fifth repetition. Therefore, the effect of fatigue

was seen after the fourth repetition.

In the current investigation, participants were inexperienced with the isokinetic
dynamometer and did not practice the movements on the machine sub-maximally or
maximally before the actual test. Even these results cannot be directly compared to
previous studies because of the different test protocols, the study by Mawdsley and
Knapik (1982) may be similar in terms of tested velocities, movement and contraction
type. Mawdsley and Knapik (1982) have tested concentric knee extension without any
prior warm-up on the isokinetic machine in their study, just like the current study. Their
angular velocity was 30°/sec but in this study, it was 60°/sec; however, both angular
velocities can be classified as lower velocities. Therefore, a comparison of the results
may be helpful. However, it should be known that their study has used a 1-minute rest
period between each repetition; therefore, the differences in these results cannot be

directly compared.

Mawdsley and Knapik (1982) have found the same result in their study in terms of
maximum value. Their participants have performed the best value at the first trial, like
in the current study. However, their values decreased gradually after the first trial and
resulted in a greater range than 5% at the third one, which was also the lowest value.
Because the values were not provided, the actual range is not known. The graphical
presentation of the data shows a difference lower than 10%. In our study, the second
repetition was almost as high as the first value. This difference might be a result of the
rest period between the trials. From a physiological point of view, the contraction time
for knee extension at 30°/sec should continue about 3 seconds. The primary energy
supply during this contraction is provided by ATP-PCr. The 1-minute rest period
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between trials were supposed to be enough for the recovery of ATP-PCr. Therefore,
this result may not result from fatigue or lack of recovery. It is highly likely that these
differences were seen mainly because of the willingness of the participants. Because,
in the current test, the second repetition resulted in a value which was as high as the
first one and there was no rest period between these contractions. Therefore, the
muscle may not be affected from fatigue or lack of recovery at this early phase of the

test.

The range of the difference between the maximum and the following two values were
6% for this test. From a statistical perspective, this might be considered as a ‘statistical
difference’ as it is higher than 5%. However, the importance of this range is that it
gives an idea about the variability of the values without subtracting the maximum
value. It is important to get the maximum value; however, it is also important to have
an idea about the consistency of this maximum performance. Therefore, these ranges
will be discussed for every test and then compared to each other to see if there is a
difference between different test protocols in terms of variability of maximum

performance.

As previously reported, concentric contractions and lower velocities are generally
easier to perform for the participants and reliability of these tests are higher when
compared to eccentric higher velocity tests (Wilhite et al. 1990; Brown 1993; Steiner
et al. 1993; Deighan et al. 2003). Our results revealed that the participants can perform
their maximum performance at the first trial, even they do not have any experience on
the isokinetic dynamometer. These results are most likely applicable for the concentric

knee extension tests at lower velocities such as 60°/sec.

5.2.2. Eccentric Knee Extension Test at 60°/sec

To our knowledge, no previous study has investigated the change in the performance
through repetitions for the eccentric contraction. Therefore, a directly comparison of
these results cannot be made to a previous research. However, it can be compared to
the concentric test results of the current study. The maximum value for the concentric
test was 283 Nm, while it was 431 Nm for the eccentric contraction. This was expected
as the eccentric contraction generally results in a greater force when compared to
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concentric (Westling et al. 1991).

The eccentric knee extension test at 60°/sec has shown that the maximum value was
obtained from the first repetition, the same as the concentric test. However, when the
graph is analysed, it can be seen that the values started to drop sharply following the
first trial, until the sixth repetition. When the trendline was drawn from the three
consecutive repetitions; it is seen that the range was 13%. This range was much
greater when compared to the range of concentric test.

Differences between concentric and eccentric contraction were explained in the
literature review chapter. When the test results are compared, it is seen that in both
tests, participants could perform their best performance on the first trial. This
performance could be kept in the second trial in concentric test; however, it could not
be performed at the same level in the second trial in the eccentric test. While the
concentric test gave the three consecutive trials in 6% range of the maximum value;
in the eccentric test, this range was 13%. Participants could not perform their
maximum performance steadily when the contraction mode is eccentric. Instead, the
performance continued to decrease throughout repetitions. The eccentric performance
of the participants was inconsistent when compared to their concentric performance.
However, in both tests the maximal performance was obtained in the first three

repetitions.

It was previously reported that the eccentric contraction is much harder to perform for
the participants when compared to concentric (Steiner et al. 1993). Also, it is
suggested that a possible inhibitory mechanism may help to protect the muscle from
the damage of the eccentric contraction (Aagaard et al. 2000). In the current study,
the decrease in the values after the first repetition may be the result of this possible
neural inhibition. During the eccentric contraction, the subjects resist to the
dynamometer while its applying force. The muscle lengthens during this type of
contraction. This lengthening may not be familiar to most participants, as the test
differs from the daily functional use of the eccentric contractions such as descending
stairs, sitting down into a chair and running. The participants may have felt the
hardness of the eccentric contraction and therefore, may have decreased their effort
to deal with this hardness.
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Overall, the results of this test showed that the participants could perform their
maximum performance at the first trial for the eccentric contraction type, just like the
concentric test. These results indicate that for the concentric and eccentric knee
extension test at a slow speed (60°sec), the maximum performance can be obtained
from the first three repetition without any prior specific warm-up or familiarization
session. However, it should be noted that the concentric contraction is steadier
throughout repetitions when compared to eccentric contraction.

5.2.3. Concentric Knee Flexion Test at 60°/sec

Concentric knee flexion test at 60°/sec presented that the participants could perform
their best value at the second repetition with 310 Nm. The first and third values were
slightly lower with 301 Nm and 302 Nm, respectively. The three consecutive repetitions
were the first three trials, staying in the 3% range of the maximum value. This shows
that there was no statistical difference between these repetitions, as the difference
was lower than 5%. After the third repetition, the values fall gradually and never
reached to this 3% range again. This may indicate that the effects of fatigue were seen

following the first three repetitions.

When compared to the knee extension test, the results were similar in terms of
repetition numbers required to reach the peak performance. The concentric and
eccentric knee extension tests at the same velocity have shown that the participants
needed only three repetitions to perform their best value. This was the same for
concentric knee flexion. While the best value was performed on the first repetition for
the knee extension tests, it was performed on the second repetition during the knee
flexion. Interestingly; the first three values were much steadier in concentric knee
flexion than eccentric and concentric knee extension. The range was 6% for concentric
and 13% for eccentric knee extension tests; these ranges indicate that there was a
statistical difference between repetitions. However, for concentric knee flexion test,
the first three repetitions were not different from each other from a statistical
perspective. This shows that for the knee flexion, participants were able to keep their

maximal performance through these first three repetitions.
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These results may indicate that knee flexion is easier to understand and control the
movement for the participants when compared to knee extension. However, when
compared to concentric knee extension, the effects of fatigue were more significant.
While the knee extension repetitions continued in a steadier line after the first three
trials; the values significantly fell and stayed out of the specified range during the knee
flexion. This might be a result of the greater force production, as well as the maximal

consistent performance in the first three trials.

Overall, concentric knee flexion test results revealed that participants did not need to
perform more than three repetitions to achieve their maximum values. When
compared to knee extension, the required repetition numbers were the same.
However, the values were more stable and the effect of fatigue was more significant
during concentric knee flexion test. This might indicate that concentric knee flexion is
more understandable for the participants so that they could reach the maximum level

and could kept it through the first three repetitions.

5.2.4. Eccentric Knee Flexion Test at 60°%sec

The pattern of the eccentric knee flexion test at 60°/sec was different from the knee
extension and concentric knee flexion tests at 60°/sec. The participants could not
perform their maximum performance on the first three repetitions. Differently, the first
repetition was not in the range of three consecutive repetitions. The maximum value
was obtained at the second repetition with 182 Nm, slightly decreased at the third
repetition to 178 Nm and again increased to 182 Nm on the fourth repetition. When
the trendline was drawn, it was on the 2% range of the maximum value including the
second, third and fourth repetitions. This range was lower from the knee extension
and concentric knee flexion tests; representing a more stable performance. However,

the participants needed one repetition to reach their consistent performance.

Unexpectedly, the maximum value for eccentric knee flexion was lower (182 Nm)
when compared to the concentric test (310 Nm). Normally, eccentric contraction
results in a greater force production when compared to concentric (Westling et al.
1991). This raises questions about the validity of this test. Previously, poorer eccentric
reliability results were reported by many investigators (McCrory et al. 1980; Wessel et
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al. 1988). It was also suggested to provide a familiarization session for the eccentric
test one week before the actual test (Wessel et al. 1988). As explained earlier, the
nature of the eccentric contraction is different from the movement on the isokinetic
dynamometer. It is seen that for the knee extension it was most probably not a problem
for the participants in this study, as they could perform their best in just three
repetitions with a higher score than concentric test. Even it cannot be known for sure,
because the reliability of the current tests was not assessed, it may be assumed that
eccentric knee extension is easier to understand and perform when compared to
eccentric knee flexion. Normally in functional performances like daily life activities or
running, knee flexors are contracting eccentrically in relation to the concentric
contraction of knee extensors. However, on the isokinetic machine, it is expected from
the participants to perform it in isolation. Therefore, it may be harder for the participants
to understand the movement on the machine at first. Participants of the current study
was inexperienced with the isokinetic dynamometer. This might be the reason why
these results are lower than expected, they might have not understood the movement
to be able to apply their maximal force.

The current investigation included 12 repetitions for each test session. Interestingly,
12 repetitions were not enough for the current participants to perform a greater
performance than the concentric test. When the graph is analysed, it can be seen that
after the maximum values on the second, third and fourth repetitions, the values are
always lower than the range of 2% of the maximum. Normally, a learning affect was
being expected during this testing session. However, the values did not increase with
repetitions. This might be a result of the fear of the participants. It was explained in the
literature review section that during the eccentric contraction, a possible inhibitory
mechanism may be limiting the activity of the muscles. This was suggested to be a
protective mechanism to avoid the muscle damage caused by the eccentric
contraction. Therefore, another explanation of this lower performance and the absence
of learning effect of this test may be the fear of the participants to have a damage to
their muscle, as it was their first time experiencing the isolated eccentric movement of

knee flexion.

Another explanation for these results may be that the participants could not

understand the movement from our instructions at the beginning. All movements have
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been explained in detail to the participants prior to the specific test. However, it is
highly possible that the participants did not understand the movement for eccentric
knee flexion. Therefore, this test may be needed to be explained separately from the
other tests or even may be performed before the actual test for the participants to

completely understand the movement and apply their force maximally.

Overall, while the results of this test should be interpreted with caution because of the
lower values than concentric, the results showed that a stable performance can be
obtained with four repetitions during eccentric knee flexion test. The stability of the
values was higher than knee extension and concentric knee flexion tests at the same
velocity. However, more repetition numbers, a more detailed and specific explanation
of the movement, or familiarization sessions prior to test may be needed for the

maximal consistent performance for eccentric knee flexion.

5.2.5. Concentric Knee Extension Test at 180°sec

The graph of the concentric knee extension test at 180°sec showed that the
participants needed five repetitions to exert their maximum force. Beginning from the
first repetition, the values gradually increased throughout the repetitions and peaked
at the fifth repetition with 258 Nm. This gradual increase may indicate that there was
a learning effect throughout these repetitions (Almasbakk and Hoff 1996). The
increase may be a result of the greater motor unit recruitment provided by the neuro-

motor learning (Henneman et al. 1965).

The maximum value of the test was 258 Nm, which was lower than that of the same
test protocol at 60°/sec, which was 283 Nm. This result proves that the force-velocity
relationship was observed in these two tests (Hill et al. 1938). When compared to the
test of 60°sec, the pattern was distinctly different. While the maximum performance
could be obtained with only three repetitions at 60°/sec, the current test of 180°sec
revealed that participants needed at least five repetitions to be able to exert their
maximum performance. This result was expected because of the differences in motor
unit recruitment in different speeds (Citterio and Agostoni 1984; Moritani and Muro
1987; Moritani et al. 1991). The current results reveal that participants may need more

repetitions to fully perform their maximal voluntary contraction during faster
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movements when compared to slower movements of concentric knee extension.

When the trendline for the consecutive three repetitions was set, the range was seen
as 10%, including the fourth, fifth and sixth repetitions. This was slightly greater when
compared to the 6% range of the same test at 60°/sec. Therefore, it may be assumed
that the stability of these measurements is lower for higher angular velocity tests for

concentric knee extension.

The protocol of the current test was comparable to previous studies by Sawhill et al.
(1982) and by Johnson and Siegel (1978). The study by Sawhill et al. have used higher
velocities of 200°/sec, 300°/sec and 400°/sec for knee extension test of 5 males. They
concluded that at least four repetitions were required to achieve a stable performance.
However, they have used 25% range to define stability. In our study, the maximum
value was reached at the fifth repetitions and the range was as lower as 10%. The rest
between trials and contraction mode was not reported by Sawhill et al. (1982);
therefore, these possible differences between protocols may be the reason of different
findings. Also, only 5 participants were included in their study, this sample size was

really small for representing the general population.

The other study by Johnson and Siegel (1978), have used the same velocity of
180°/sec as the current test. Their research was focused on the reliability of a test
protocol. Their study included 3 submaximal repetitions before the actual test and they
have reported that the reliability was excellent (0.99) when the 3 submaximal and 3
maximal repetitions are ignored. Even the current study did not include a submaximal
warm-up or a 20-second rest between each trial, the findings may be similar in terms
of required repetition numbers to achieve the best performance. The reliability study
has used 6 maximal repetitions and the last three repetitions were reported as
excellently reliable. Our findings suggest that at least five maximal contractions should
be performed to obtain the maximum value. It is possible that the participants could
reach their maximum performance at the fifth repetition just like the current study;

therefore, when the earlier repetitions are ignored, the reliability was found really high.

Overall, the concentric knee extension test at 180°%sec showed that the participants

need at least six trials for the consistent maximum performance, while the fifth
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repetition is providing the maximum. These findings were also supported by a previous

reliability study by Johnson and Siegel (1978).

5.2.6. Eccentric Knee Extension Test at 180°/sec

The eccentric test graph of knee extension at 180°/sec showed that the participants
could perform their best on the second repetition with a value of 474 Nm. The trendline
of the consecutive three repetitions were within the range of 4%, which is statistically
accepted as no difference between trials. This gives a really stable measurement at
the first three repetitions for this test. After the third value, the effects of fatigue were

explicit as the values rapidly fell to 397 Nm at the fifth repetition.

When compared to the concentric test of the same movement, the pattern of the
graphs was significantly different. While the participants needed at least four trials to
be able to perform their best value in the concentric test, they could perform it on the
very first three repetitions in eccentric. In terms of the maximum value, the eccentric
test result was greater with 474 Nm than the concentric value of 258 Nm, as expected
(Westling et al. 1991). There was no indicator of any learning-effect or any gradual
recruitment of the motor units in this graph. This might be the result of the nature of
the eccentric movement. It is known that the muscle unit recruitment is lower during
eccentric contraction when compared to concentric (Westling et al. 1991). However,
the force production is greater (Westling et al. 1991). It is mainly because of the
physical resistance of the muscle to the movement. Therefore, for the resistance, a
motor-neuro learning phase may not be needed as much as the concentric
contraction. However, as seen in the test of eccentric knee flexion, it must be ensured
that the participants really understand the movement and can exert their maximum

voluntary force.

The pattern of the graph was similar to the same test at 60°/sec, the repetition number
required to achieve peak performance was also the same. In both tests, the first three
repetitions were enough to obtain the maximum value. Previously, it was suggested
that the participants may need more repetitions to understand the eccentric movement
(Steiner 1993). However, our findings revealed that the maximum eccentric knee
extension performance could be obtained with only three repetitions for both lower
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(60°/sec) and higher (180°/sec) velocities.

The maximum value for the same test at 60°/sec was 430 Nm, while it was 474 Nm at
180°sec. These findings are supporting the previous findings suggesting that the
speed change may not be affecting the force production during eccentric contractions

as much as concentric (Komi 1973; Colliander and Tesch 1989).

Overall, the eccentric knee extension test at 180°/sec showed that the participants
could perform their best value with only three repetitions, which was the same for the

same test at 60°/sec.

5.2.7. Concentric Knee Flexion Test at 180°sec

The pattern of the concentric knee flexion test at 180°/sec was similar to the pattern
of the same test at 60°%sec. The maximum value was obtained from the first three
repetitions and the ranges for 60°sec and 180°/sec were similar as 3% and 4%,
respectively. Interestingly, the maximum values were very close with 310 Nm at
60°/sec and 320 Nm at 180°/sec. This was not expected as the normal force-velocity
relationship requires greater forces at lower velocities (Hill et al. 1938). Interestingly,
for both tests, the first three repetitions were very consistent when compared to the
other tests in the current study. There was a gradual decrease after the third repetition,
this may indicate the onset of fatigue after that point. This pattern was again the same

in the slower test at 60°/sec.

For the concentric knee extension tests, the higher velocity required more repetitions
when compared to the lower velocity. This was interpreted as a result of learning effect
and gradual recruitment of motor units during higher speeds. However, for knee
flexion, there was no difference between lower and higher velocities in terms of
required repetition number to obtain the maximum value, onset of fatigue and
consistency of performance. Interestingly, the range was so similar to the slower test
with only 4% difference between trials, which shows that there was no statistical
difference between these trials. These results show that the participants could
understand the movement easily and did not need practice repetitions to exert their
maximum force. This was not expected as it was proposed that the participants may
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need more repetitions during higher velocities. This assumption was approved for
knee extension test; however, knee flexion tests at slower and higher velocities were
almost resulted in the same pattern. Interestingly, when the first three repetitions of
the test at 180°/sec were observed, it is seen that the force was gradually increasing
and peaking at the third repetition. Even this may be a sign of gradual recruitment of
motor units or a possible learning effect, the difference between these trials was lower
than 5%. Therefore, the reported effects are not seen in this test as significant as in

the concentric knee extension test at 180°/sec.

Overall, the concentric knee flexion test at 180°/sec showed that the participants could
perform their maximum force in the first three repetitions. These results were similar

to the same test at 60°/sec.

5.2.8. Eccentric Knee Flexion Test at 180°/sec

The graph of the eccentric knee flexion test at 180°sec had the most fluctuating
pattern among the other tests in this study. This was the only test where the consistent
three repetitions were not including the maximum value of the graph. Instead the tenth,

eleventh and twelfth repetitions were representing the stable performance.

The same problem at 60°/sec eccentric knee flexion test was present in this angular
velocity, too. The maximum value was 224 Nm, while it was 320 Nm in the concentric
test. Normally, the eccentric test gives a greater force production when compared to
the concentric (Westling et al. 1991). Therefore, the results of this test may not be
representing the actual performance of the participants. As discussed earlier at the
section of eccentric knee flexion test at 60°/sec, the participants probably could not

understand the movement. Thus, the validity of these results is questionable.

As explained earlier, the nature of the eccentric knee flexion is different from the
isokinetic test on isokinetic dynamometer. These results of eccentric knee flexion show
that only explaining the movement to the participants were not enough to make them
understand the movement and perform their maximum. Therefore, a familiarization
session prior to testing of eccentric knee flexion may be needed to obtain valid and
reliable measurements during these tests for both lower and higher velocities.
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5.3.Limitations of the Study and Recommendations for Future Research

A limitation of the current study was the chosen contraction mode. The protocol
consisted of concentric and eccentric contractions of the same muscles consecutively.
However, the reciprocal contraction mode, which the subjects perform concentric or
eccentric contraction of agonist-antagonist muscles consecutively, is a commonly
used test protocol in practice. To imitate the reciprocal contraction mode in terms of
work:rest ratio, a short rest period was given after each contraction (1-2 seconds). This
rest period is very similar when the contraction mode is reciprocal. While the agonist
muscle is contracting, the antagonist muscle is resting for about 1.5 seconds at 60°/sec
and 0.5 seconds at 180°/sec. However, even contradictory results have been reported
(Bohannon et al. 1986), reciprocal contraction type may have an increasing effect on
muscle strength, providing positive stimuli to increase the muscle response (Grabiner
and Hawthorne 1990; Jeon et al. 2003). The pre-activation of the antagonist muscle
may influence the strength generation of the agonist muscles. Therefore, this type of
contraction mode may change the strength exposure patterns. Also, even there was
a similar rest period to a reciprocal contraction mode, the protocol of the current study
included concentric and eccentric contractions of the same muscles consecutively.
Performing only concentric or only eccentric contractions may result in different results
when compared to our protocol. Therefore, the study may be replicated with a

reciprocal contraction mode in future to find out if these patterns are changing.

The second limitation of this study was that the reliability of these measurements was
not tested. This was mainly because of the limited time for the study. Future research
may investigate the test-retest reliability with the suggested repetition numbers within

sets.

The third limitation of the study was that the activity level of the participants was not
assessed objectively. They have only been asked verbally if they are performing 30
minutes of physical activity three times of week. A more objective, valid and reliable
measurement tool could be used to classify the physical activity levels of the
participants.
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The fourth limitation was the race differences among subjects. The African-American
males shown to have more type Il muscle fibres when compared to Caucasian males
(Ama et al. 1986). As the fibre type affects the recruitment of the motor units within the
muscle, the differences in race may have affected the results. However, due to the

limited participant number, the inclusion criteria could not be restricted more.

The fifth limitation was that both genders were included in the study. Even the numbers
of both genders were equal, it is shown that males and females may have different
muscle fibre recruitments. Therefore, the optimal repetition number may change
between genders. Future studies may investigate if there is a gender effect on these

measurements.

The sixth limitation was the subject reliability. Even every subject was encouraged
during the testing, their willingness to perform their maximum values may change.
However, due to the nature of the isokinetic test, it was not possible to annihilate this

limitation any further.

The seventh limitation is that the tests were not performed on the same time of the
day due to limited time and laboratory access. As the tests had to be finished in a
limited time period, it was not possible to test every participant on the same time of the
day. It might have affected the results as biorhythmic changes may influence the

muscle performance (Wyse et al. 1994; Deschenes et al. 1998).

Another limitation of the study was that the dominant and non-dominant sides were
not considered during the tests. Because the dominant leg is used in daily life more
than non-dominant, the muscle recruitment pattern may be different between the legs.
Therefore, the repetition numbers may show differences while obtaining the maximal

strength.

In the current study, it is found that the eccentric knee flexion was probably not
understood by the participants. This was mainly because of the lower results when
compared to the concentric test results of the same movement. Therefore, the future
studies may investigate the reliability and the effects of a familiarization session for
this specific test for both lower and higher angular velocities.
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These testing protocols was performed by a physically active and healthy population.
Conclusions driven from non-athletic populations may not be assumed for groups of
athletes. It is known that the sport-specific training changes the attribution of muscle
fibre types to force production (Meijer et al. 2015). Even our population was physically
active, the professional athletes practice much more trainings; therefore, the results of
the current study may be different if an athletic population is tested. Also, it cannot be
assumed that a population with an injury or history of injury would yield the same
results. Thus, the same protocol should be replicated with athletic populations or
populations with an injury or history of injury to ensure its validity for that specific

population in future studies.

The current study has not investigated the responses of the tested subjects during the
testing. A previous study has subjectively reported that the tested subjects may feel
discomfort during the first testing session while getting used to the isokinetic machine
(Mawdsley and Croft 1982). However, in our study, we did not ask the tested subjects
about their discomfort. The subjects were only required and advised to report their
discomfort during the test for safety reasons and no subject has reported any
discomfort during the tests. Future studies may investigate the responses and feeling
of the participants during isokinetic testing. Also, investigating that if the participants
really understand the movement and exert their maximum performance may be

investigated to understand the perception of the participants.
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6. CONCLUSION

Strength is an important component of health, sports performance, injury prevention
and rehabilitation. Isokinetic dynamometer is accepted as the gold standard to assess
strength. Despite its wide use, there is no consistency in testing protocols when
assessing the maximum performance on isokinetic dynamometer. Studies have used
different familiarization sessions, warm-ups, repetitions, speed orders and rest

periods. This situation makes the comparison of findings of different studies difficult.

The repetition number to obtain the maximum performance is the main variable during
isokinetic strength testing. While few trials may result in a lower value than the real
performance, too many trials may cause fatigue. Studies generally do not report the
reason of their choice of repetition humber; while some cites outdated research to
support their choice. However, the studies investigating the repetition number have
some major limitations and fail to inform the current practice because of their protocols.
Therefore, standardizing the optimal repetition number for different testing modes,
contraction types, movements and speeds are important for both clinical practice and

research.

The current study has investigated the required repetition numbers to obtain the
maximum consistent performance of 32 healthy participants without any prior specific
warm-up or familiarization sessions. Knee extension and knee flexion movements
were tested on concentric and eccentric contraction modes at 60°/sec and 180°/sec.
These variables were tested on 8 different testing sessions on the same day in a
counter-balanced order. Data were analysed by graphs, setting ranges from the
maximum performance until obtaining three consecutive values. The maximum values

and ranges were different for each graph.

Results of the current investigation revealed that the maximum consistent
performance could be obtained with only three repetitions at 60°/sec for concentric
and eccentric knee extension, and concentric knee flexion. The ranges from the
maximum value were more consistent for concentric knee flexion, while it was most
inconsistent for eccentric knee extension. The tests at 180°/sec showed that for the
concentric knee extension, participants needed at least five repetitions to exert their
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maximum force. Also, the range was greater than the same test at 60°/sec. The tests
of eccentric knee extension and concentric knee flexion at 180°/sec showed similar
results of the same tests at 60°/sec, revealing that the participants needed only three
repetitions to perform their maximum value. The consistency was also greater than
other tests with only 4% change between trials. The eccentric knee flexion tests were
not considered as ‘real performance’ as they resulted in a lower value than the
concentric test values. Normally, the eccentric strength of a muscle is greater than the
concentric strength. Therefore, it is highly likely that the participants could not
understand the movement and could not perform their maximum performance in the

current study for eccentric knee flexion.

The main limitation of the study was the lack of reliability tests. Future studies should
investigate the reliability of the suggested repetition numbers. Also, the current study
has investigated healthy university students; athletic and patient populations should
be tested for the same aim in future. This study revealed that the main thing during the
eccentric knee flexion is to ensure that the participants understand the movement and
can resist it. Future studies may investigate the effect of a familiarization or a specific

warm-up session for this test.

The current study revealed that in clinical and research environments, participants
may exert their maximum force without any prior familiarization or warm-up sessions.
Only three repetitions may be enough to obtain the maximum performance; however,
at least five trials should be performed for concentric knee extension at higher speeds.
More repetitions than these seem like unnecessary for healthy young populations.
However, for the eccentric test of knee flexion, the instruction of the test on the same
day without any prior specific familiarization or warm-up may result in faulty results.
Therefore, a specific instruction, familiarization session or warm-up session may be

needed for this test.
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8. APPENDICES

Appendix I: Permission to Access Research Centre for Clinical Kinesiology

RE: Permission for Using RCCK for MSc Dissertation

HCARE Simulation Team

Tue 18042017 1219

tz Bayza Tayfur <TayfurB@cardiffac uk>;

Morning Beyza,

| can confinm you are able to access this equipment. We'll check the equipment availability when you have the dates/times you require them.
Please accept this as your confirmation letter.

Many thanks,

Wayne

From: Beyza Tayfur

Sent: 18 April 2017 0918

To: HCARE Simulation Team <HCARESimulation® cardiff.ac.uk=

subject: Permission for Using RCCK for M5C Dissertation

Hello,

| am sending this e-mail as | need the informal consent for using the KIN-COM Isokinetic Dymamometer in HCARE Research Centre for Clinical
Kinaesiology for my MS5c dissertation.

My programme is M5c Sports and Exercize Physictherapy and my dissertation supervisor is Mr. Timothy Sharp.

The name of the study is 'A Data consistency of strength testing on an isokinetic dymamometer; an invesfigation imto the number of repetitions required
to peak performance and until fatigue.”

The application form is attached in this e-mail if more details are needed.

Best Regards

Beyza Tayfur
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Appendix Il: Booking Form

school of Healthcare Sciences Laboratory Space Booking form
Submit this form to HCARESimulation@cardiff.ac.uk

All equipment booking requests must be sent as an email to
HCARESimulation{@cardiff.ac.uk

Submit both equipment & space reguest at beast 10 DAYS before the first date

Name: Bayza Tayfur Supervisor: Tim Sharp
* Roguirod tor all beokings by Students

Drates and Times of space required (Tist ail):
Dates- 2F0THT and 28072017
Time- betweean 12.00 — 16.00 for both days.

droa f — KINCOM

Windows

Daar
SMODUIAN,

#voa E novnewicon goup

/
NB For RCCK space & equipment bookings pleass emad with Professor van Deursen
vanDewrsenREcaraiffac. uk

If you reguire other rooms In TDS or EGH you must contact
HCAREScheduling@ecardiff.ac. uk

You mus inform HCARESimulalion@cardifl. . vk of any changes (o laboralony raom raguirements
immediately or HCAREschadylingipcandill ac uk i wou have bookad a raom with tham.
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Appendix Ill: Test Orders

1. RightLeg: 60 Left Leg: 180

I. Right Leg Extension
Il. Right Leg Flexion
Ill. Left Leg Extension
IV. Left Leg Flexion

2. Right Leg: 60 Left Leg: 180

I. Right Leg Flexion

Il. Right Leg Extension
Ill. Left Leg Flexion
IV. Left Leg Extension

3. Right Leg: 60 Left Leg: 180

I. Left Leg Extension
Il. Left Leg Flexion
Ill. Right Leg Extension
IV. Right Leg Flexion

4. Right Leg: 60 Left Leg: 180
I. Left Leg Flexion
Il. Left Leg Extension
Ill. Right Leg Flexion
IV. Right Leg Extension
5. Right Leg: 180 Left Leg: 60
I. Right Leg Extension
Il. Right Leg Flexion
lll. Left Leg Extension
IV. Left Leg Flexion

6. Right Leg: 180 Left Leg: 60

I. Right Leg Flexion



Il. Right Leg Extension
Ill. Left Leg Flexion
IV. Left Leg Extension

7. Right Leg: 180 Left Leg: 60

I. Left Leg Extension
Il. Left Leg Flexion
Ill. Right Leg Extension
IV. Right Leg Flexion

8. Right Leg: 180 Left Leg: 60

I. Left Leg Flexion

Il. Left Leg Extension
Ill. Right Leg Flexion
IV. Right Leg Extension
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Appendix IV: Participant Data Sheet

_H_ "pAUIRIGO 5| LY TUASUOD)
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Appendix V: Ethics Result

School of HeaRhcare Solences

Head of 3chool and Dean Professor Heather (CARDIFF
Wateman UNIVERSITY
PRIFYSGOL
Yol Gwyddoray Gafal lechyd :
Pennaeth yr ¥spol @ Deon ¥rAtvawes Hegther Waterman EAE RD\"'[E

18 June 2017

CorclT Linhversky
Exzipate Houss

13* Foor

35— 43 Newport Road
CamdiT CFM 0AB

T Fiom -4 (025 20 s88scs
Emall E-boest HOARE Ethi o caniT.ac uk

Beyza Tafur

Roy Jenkins Hall, House 2, Fiat 8
Crwys Rd, Cardir

CF24 4NE

Dear Mrs Tayhur

A data consistency of strength testing on an isokinetic dynamometer; an investigation
into the number of repetitions required to peak perfformance and until fatigue.

The Schools Research Ethics Commitiee Chair has consldersd your re-sulbmiited receanch proposal. The
decision of Me Chalr s that your work should:

Paszs —and that you procsed with your Ressarch In collaboration with your supernvisos

This decision will be ratified at the next meeting on July 11™ 2017.

Fiease node that If thene are any susequant major amendmeants to the project made folowing this
approval you will be required to submit 3 revisad proposal fomm. You ane advised to contact me If this
sibuation arises. In addiion, In Ine wiTh the University requirements, the project will be monkored on an

annual basis by the Commitiee and an annusl monliorng form will be despatched to You In Spproximatety
11 monts' ime. If the project s compiieted before this fime you should contact me D obtain a form for

compietion.
Please do not hesitate to contact me I you have any questions.

YOurs Gncensly

Mrs Liz Harmer — Griebel
Reseanch Administration Manager

Cc: Tim Sharp

CarolT Linfeersiy I @ repicievey chastly, no. 173555
Mg Priyspal Coenfyod pn el polecivealg, 7 1730055
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Appendix VI. Participant Information Sheet CARDIFF
UNIVERSITY

Participation Information Sheet PRIFYSGOL

(AERDYH

This form is to inform you about the research study that you have been invited to participate. It is

important to know the aim and procedures of the study, before making decision whether you would like
to join the study or not. This sheet provides all the information about the process and you will be free to
have your time to decide after reading it. Please read the information carefully and ask if you have any
guestions about the study. One member of the research team will be there to assist you with the
information sheet and answer any queries that you may have. You can discuss with your colleagues or

other participants if you are still not sure about participating in the study.

Study Title: A data consistency of strength testing on an isokinetic dynamometer; an investigation into

the number of repetitions required to peak performance and until fatigue.

What is the purpose of the study?

Strength is a key component of both athletic performance and functional recovery following injury or
absence from play. Within the field of research and rehabilitation the best and most accurate way of
assessing muscle strength is the use of the Isokinetic Dynamometer such as Kin-Com. This machine
measures the amount of force produced at a single joint at a set speed. This can be for both shortening
and lengthening contractions. This strength measure however is not very functional and provided
information on pure muscle force and doesn’t give a clear indication of functional ability. As such, it is
somewhat difficult to learn how to use the machine to get the best results. When learning a new
movement or skill it is recognised that practice is a key aspect to achieving peak performance, with
athletes rehearsing their movements and performance elements prior to competition. However, within
the clinical testing protocols and within the research literature there is a paucity of evidence which
indicates the optimum number of repetitions that would be needed prior to peak performance on this
machine. It is often cited that enough attempts were allowed for familiarization with the testing
procedure. This does not give a good indication if the testing procedure allows for sufficient practice to
capture the optimal strength output or whether indeed there have been too many and that fatigue is
now playing a significant role within the testing.

The aim of the study is to identify the exact trial numbers to provide familiarisation and reach the
maximum performance consistency and minimize the effects of fatigue during the isokinetic testing of

knee flexion and extension for both concentric and eccentric strength.

Why have | been invited to participate?

You are invited to participate in the study as you fit our inclusion criteria, (1) Age range of 18-60 years,

(2) Performing physical activity for at least 30 minutes, 3 times per week and (3) Able to understand
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and perform the instructions and provide informed consent.

If you have any previous fractures or surgeries to the musculoskeletal structures in lower extremity, any
acute injuries of lower extremity in the previous 3 months, cardiovascular or neurological disorders, or

use ergogenic dietary supplementation intake; it means you are not eligible for the study.

A total of 30 subjects will be included in this study.

Do | have to take part?

Taking part in this study is purely voluntary. Therefore, it is important to read this information sheet
carefully, and decide without any obligation. If you decide to join in the study, you will be asked to sign
a consent form. However, the consent form does not mean that you have to finish the study; you can

withdraw at any time without the necessity to report any reasons.

What will happen to me if | take part?

If you decide to take part in the study, you will need to come to Cardiff University School of Healthcare
Sciences the Research Centre for Clinical Kinesiology (RCCK). You only need to come once. The
session will take approximately 120 minutes. The researcher will be helping you all the time, as you will
be the only participant at that particular time. After the enrolment and signing the consent form, you will
cycle for 10 minutes as a warm-up. This will prepare your muscles for the isokinetic test. After that, the
isokinetic test will start. Your legs will be tested separately. The device will be arranged for your leg.
You will be sitting with your back supported. Straps will be used to stabilize your body. Also, your legs
will be attached to the isokinetic machine with two straps, one just above your ankle and one just above
your knee. You will be able to bend and straighten your knee freely while you are set on the machine.
However, for your own safety, the maximum straightening will be in about 5° bended position. This is
to protect your knee from any possible injuries and it is totally in normal ranges of knee movement.
Also, the bending will allow you to use about 90° of motion. Again, it is totally in normal ranges of knee

movement and for your safety.

The test will include bending and straightening movements of your knee. The machine will apply a
continual resistance to your movements and assess your strength through it. Your movements should
be smooth and powerful as possible to obtain accurate readings. You will practice 12 repetitions for

each movement. There is a total of 8 movements.

The same procedure will be used for both legs. You will have enough time to rest after finishing the test

of first leg. When you feel ready, the test will begin for your other leg.

What is the device/procedure being tested?
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The KIN-COM Isokinetic Dynamometry from Cardiff University School of Healthcare Sciences the
Research Centre for Clinical Kinesiology (RCCK) will be used to perform tests.

What are the possible benefits of taking part?

After the test, you will be able to learn your muscle strength in objective numbers. Despite that, there
will not be any direct benefits to you by participating in this study. The findings of the study will help the
researchers and clinicians by providing a guidance on the number of trials required to achieve maximum
consistence performance on isokinetic muscle testing of knee bending and straightening, which may
benefit future functional measures for athletes and patients, and also future research.

What are the possible disadvantages and risks of taking part?

As the study includes a testing protocol with an isokinetic machine, it carries a risk for injuries. These
injuries may include muscle tear and possible discomfort from soreness.

However, the likelihood of muscle tear is very low. To our knowledge, there is no example of this in the
literature. However, the range of motion of knee will be set to normal limits, so this will protect your
muscles from stretching excessively. Also, the warm up before testing should reduce the possibility of
a muscle strain or soreness. You will be educated about muscle warm-up and stretching within
physiological limits properly in case of any discomfort after the test. If you experience extreme
discomfort or would like to discuss your discomfort after testing, you will be able to contact the

researcher via e-mail.

Will my taking part in the study remain confidential?

Your participation or results will not be shared with any other individual or organization. The information
will not be used in any other research or work other than that has been told to you, all the information
will be used for the intended purpose. For a safe and secure storage, there will be only one hard copy
of the information and data of you. These files will be stored in a locked cabinet in a locked room and
only the main investigator will be able to access with their keys. During data analysis, no name
information will be entered into the analysis programme, only the numbers will be calculated. The
computer to be used in this process will be the personal computer of the main investigator and will be
protected with a private password. The files and folders will also be password protected, so it will only
be accessible to the main investigator. As this will be a clinical research, the data will be protected under
the same conditions for nearly 15 years and subsequently destroyed in accordance with the Data
Protection Act (1998).

What will happen to the results of the research study?
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The researchers may publish the results in a scientific journal or share it in scientific meetings in future;

however, no name will be mentioned in any possible publication or presentation.

Who has reviewed the study?

The study has been reviewed by the Cardiff University Ethics Committee.

Further information and contact details;

Timothy Sharp

SharpTN@cardiff.ac.uk
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Appendix VII: Consent Form

Subject Consent Form

Title of Study: An investigation into the consistency of performance of Isokinetic strength testing to
identify the repetitions for peak performance and fatigue.
Name of Researcher: Mrs. Beyza Tayfur
Please initial box
I confirm | have read and understood the participant information sheet dated ............. for

the above study and have had the opportunity to consider the information, to ask
questions and to have these answered.

I understand that my participation is voluntary and that | am free to withdraw at any time
without giving any reason, this will not affect how | am treated in any way.

I understand that all information about me will be kept in a confidential way and destroyed
once the study is completed.

| agree to take part in this study.

Name Of SUDJECE. ...

SIgnature ... Date ..............

Name of Witness (Researcher) ..........ccoooiiiiiiii e,

SIgNature ... Date ..............

When completed, 1 copy for patient, 1 for researcher site file
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