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Abstract 

To the author’s knowledge, no research has earlier been done on the development of a 

sport specific strength measurement system for para kayak classification.   

Aim: In order to work in line with the International Paralympic Committee, to develop 

more evidence-based methods for classification, the overall purpose of this study was 

to design and develop a sport specific test battery to measure force in isometric 

contractions. It was also: (1) to test-retest the battery on able-bodied participants, to 

ensure the reliability of the method for further research and (2) to evaluate whether 

performing two or three trials is sufficient when testing the test battery for reliability. 

Method: Ten able-bodied participants volunteered to this study. All participants 

performed a test battery of four isometric strength tests. The participants completed 

three voluntary maximal isometric contractions for each exercise with a duration of 5 

seconds, and a 30 second rest separating each trial. Data used in the analysis, was the 

mean value of two respectively three trials. The Shapiro-Wilk test of normality was 

used to assess the normality of the data. The level of significance when testing 

normality was set to p < 0.05. A dependent t-test and an intraclass correlations 

coefficient (ICC) with a 2-way mixed effects- model, absolute agreement, method 3.1 

were used to assess the test-retest reliability for both trial 1-2 and trial 1-3. Results: All 

tests showed high reliability and no systematic error were found. The data were 

normally distributed. When analysing data from three trials, one test showed good 

reliability; knee extension left (ICC=0,77). All other data showed excellent reliability. 

When analysing data from two trials, two tests showed good reliability; leg press left 

(ICC = 0,88) and knee extension left (ICC = 0,78). All other data showed excellent 

reliability (> 90). Conclusion: The results of this study indicate that all tests can 

reliably be applied in a classification system for para-kayak. Both of the methods, using 

three data points and using two data points, can be used when analysing the data. 

 

 

 

 

 

 

 



 
 

Sammanfattning 

Så vitt författaren känner till, har ingen forskning tidigare gjorts om utvecklingen av ett 

sportspecifikt styrkemätningssystem för klassificering av parakajak. Syfte och 

frågeställningar: för att arbeta i linje med den internationella paralympiska 

kommittén, att utveckla mer evidensbaserade metoder för klassificering var syftet med 

denna studie att designa, utveckla och utvärdera tillförlitligheten hos ett nytt isometriskt 

styrketestbatteri för parakajak. Det övergripande syftet med studien var att utforma och 

utveckla ett sportspecifikt testbatteri för att mäta kraft i isometriska kontraktioner under 

benpress, höftextension, knäextension och bålflexion. Även att sedan: (1) testa batteriet 

på deltagare vid två mättillfällen, för att säkerställa tillförlitligheten hos metoden för 

vidare forskning och (2) att utvärdera om det är tillräckligt att utföra två eller tre försök 

när testbatteriet testas för tillförlitlighet. Metod: tio deltagare var inkluderas i denna 

studie. Alla deltagare utförde ett testbatteri med fyra isometriska styrketester. 

Deltagarna genomförde tre maximala isometriska kontraktioner för varje övning med 

en duration av 5 sekunder och en 30 sekunders vila som separerade varje försök. Data 

som användes i analysen var medelvärdet av två respektive tre försök. Shapiro-Wilk-

testet av normalitet användes för att bedöma datans normalitet. Signifikansnivån vid 

test av normalitet sattes till p<0,05. Ett beroende t-test och en intraklass-

korrelationskoefficient (ICC) med en 2-vägs blandad effektmodell, absolut 

överensstämmelse, metod 3.1 användes för att bedöma tillförlitligheten för både försök 

1-2 och försök 1-3. Resultat: alla tester visade god tillförlitlighet och inga systematiska 

fel hittades. Uppgifterna distribuerades normalt. När man analyserade data från tre 

försök visade ett test god tillförlitlighet: knäextension vänster (ICC=0,77). All övriga 

data visade utmärkt tillförlitlighet. Vid analys av data från två försök visade två tester 

god tillförlitlighet; benpress vänster (ICC = 0,88) och knäextension vänster (ICC = 

0,78). Resterande data visade utmärkt tillförlitlighet (>90). Slutsats: Resultaten av 

denna studie indikerar att samtliga tester på ett tillförlitligt sätt kan tillämpas i ett 

klassificeringssystem för parakajak. Båda metoderna, med tre datapunkter och två 

datapunkter, kan användas vid analys av data.  
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1. Introduction 
 
 
The Paralympic Games is constantly growing as a sport event and is now the third 

largest event after the Olympic games and the FIFA world cup (Olympic Games, 2021). 

Para-sport is performed by athletes with different impairment types (International 

Paralympic Committee (IPC), 2013) and to make sure that the athletes compete during 

fair play against their opponents, the athletes are divided into classes depending on their 

impairments (International Canoe Federation, 2021). As written above, more athletes 

are performing para sports, meaning larger classification classes are possible, and it is 

now a challenge to prevent sided and predictable competitions where the least impaired 

athlete always wins (International Paralympic Committee, 2021). Sports content 

different key performance factors, so the importance of impairment on each individual 

sport is unique. Therefore, a sport specific classification system is needed. 

(International Paralympic Committee, 2021) Also, a classification system needs to be 

resistance to training meaning, athletes should not be placed in a class with lenient 

impairment due to their hard work in practice and training to achieve optimized 

performance in their sport (Tweedy & Vanlandewijck, 2011). To achieve the above, 

the international Paralympic Committee is working for developing methods that 

conducts evidence-based test methods that include valid and reliable sport specific tests 

of high standard for classification (Tweedy & Vanlandewijck, 2011). 

 
 

2. Knowledge overview 
 
 

2.1 History of Paralympics 
 
 
Para-sport developed from a spinal cord injury centre, which was opened in Great 

Britain by Dr Ludwig Guttman in 1944. Sport was formed as part of the rehabilitation 

and which soon developed into competitive sport. In 1948, Dr Guttman organized the 

first competition in archery for military men and women in wheelchair, which later was 

seen as a milestone in Paralympic history. In 1960 the first Paralympic game was held 
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in the same city as the Olympic games in Rome, Italy. From start, the name 

“Paralympics” was evolved from only having paraplegic athletes participating in the 

events, but later athletes with other impairments came to compete. The name 

Paralympics derives from the two Greek words “Para” and “Olympic”.  Since “Para” 

in Greek means beside or alongside, Paralympics means that it is the parallel Games to 

the Olympics and that the two movements shall exist side-by-side. (International 

Paralympic Committee, 2021) Since the first event in 1960 the Paralympic Games has 

constantly been growing as an event. With 159 countries, 22 sports and 4,328 athletes 

participating in the 2016 Paralympics in Rio, Brazil, the Paralympics is now the third 

largest event after the Olympic games and the FIFA world cup (Olympic Games, 2021).  

 

 

2.2 Why a classification system is needed 
 
 
It has been shown that competition increases motivation to practice a sport (Frederick-

Recascino & Schuster-Smith, 2003) and the outlook of a close competition is also 

known to be a social motivator for athletes to participate in sport (Singer et al., 2001). 

In para-sport, it is a challenge to prevent sided and predictable competitions where the 

least impaired athlete always wins. To prevent this from occurring, para-athletes are 

allocated to different sport classes based on their impairment (International Paralympic 

Committee, 2021). Impairment types such as; impaired muscle power, impaired passive 

range of movement, limb deficiency, ataxia, athetosis, hypertonia, short stature, leg 

length difference, visual impairment or intellectual impairment, are all eligible 

impairment types for classification (International Paralympic Committee (IPC), 2013).  

Since sports content different key performance determinants, the importance of 

impairment on each individual sport is unique. Therefore, a sport specific classification 

system is crucial. (International Paralympic Committee, 2021) 

 

 

2.3 History of classification in para-sport 
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From start, the Paralympic classification system was medically based and was used as 

an extension of rehabilitation. Athletes received a class, based on their medical 

diagnosis. This resulted in athletes with the same limitations for practicing the same 

sport, competing in different classes due to their medical diagnosis and not their ability 

to practice the activity or sport. Later, when the focus was put more on the sport rather 

on the rehabilitation, functional classification systems was developed. Depending on 

the sport, the term functional classification system has different meanings. The 

functional system targets different impairments depending on the sport. Therefore, the 

functional system is used to classify to what extent the athletes’ impairment affects their 

performance in a specific sport. (Tweedy & Vanlandewijck, 2011)  

 

 

2.4 Classification code 
 
 
The Paralympic Movement acknowledged the need of co-ordinating Paralympic 

classification in sports, which resulted in the IPC Classification Code. The code was 

published in 2007 (and revised in 2015) and includes two purposes; (1) “to provide a 

theoretically grounded description of scientific principles underpinning classification 

in Paralympic sport” and (2)”to define the term evidence-based classification and 

provide guidelines for how it may be achieved” (Tweedy & Vanlandewijck, 2011). The 

code certifies that the methods used during classification are transparent, significant 

and conducts evidence-based test methods that include valid and reliable tests of high 

standard (Tweedy & Vanlandewijck, 2011). Additionally, that the impairment of an 

athlete is relevant to sport performance and that the athletes compete during fair play 

against other athletes (International Paralympic Committee (IPC), 2015). The IPC is 

also working towards a classification system that allows improvement in competitive 

performance without being moved to a class with athletes who have less impairment, 

so they can get more competitive in the class they were assigned to (Tweedy & 

Vanlandewijck, 2011). Each Paralympic sport has its own set of classification rules and 

regulations, which contains the types of class profiles the sport contains, and what 

activity profiles and impairment that is common in that class. The classification panel 

is responsible to divide and match every athlete into the most compatible class, 

(International Paralympic Committee, 2007; International Canoe Federation, 2017) and 
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the classification ends with the classifiers watching the athletes compete, to ensure that 

the athletes performance match and is in line with their former assessments 

(International Canoe Federation, 2017).  

 

 
2.5 Para-kayak 
 
 
As been written above, athletes with impairments that prevent them from participating 

in the Olympic games, are eligible to compete in para-sport.  

All Paralympic sports have different inclusion criteria, and in paracanoe the impairment 

types eligible to compete are athletes with impaired muscle power, impaired range of 

movement and/or limb deficiency (International Canoe Federation, 2021). Paracanoe is 

competed with two different types of boats; kayak and Va’a, and at the Paralympics in 

Rio 2016, canoe as a Paralympic sport made its debut with the para-kayak (International 

Paralympic Committee, 2021). A double-blade paddle powers the kayak and the sport 

is divided into three classes KL1, KL2 and KL3 (Figure 1) (International Canoe 

Federation, 2021).  

The larger the number of the class, the more function the athlete has. Athletes 

competing in KL1 have no or limited functioning in trunk and legs and are primarily 

only using arms and shoulders when paddling. KL2-athletes have partial or full 

functioning trunk, arms and shoulders and no or limited leg function and KL3 include 

athletes with leg impairment such as below knee amputation. (International Canoe 

Federation, 2020)  

 

 

2.6 Current methods used in para-kayak classification  
 

 

Current methods when measuring or evaluating strength has been somewhat unchanged 

since Dr. Guttmann first described the classification system in the 1940s (Guttmann, 

1977). The current classification method was based on a historical medical 

classification system and has later been improved by experts in the field (Altmann et 

al., 2018). In kayak classification muscle strength is currently measured manually, by 
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testing the athletes’ capacity to overcome gravity and/or manual resistance. Each 

muscle action is tested and given a grade from 0-2, where 0 equals that the athlete 

cannot perform the movement, and where 2 equals that the athlete can overcome 

resistance during and perform a movement (International Canoe Federation, 2020). 

There are several advantageous using this method when classifying athletes, for 

example it does not require equipment, it is inexpensive and does not require great 

space. Additionally, this method is also body-sized-independent. (Daniels, 1986) But 

manual muscle testing also includes a number of disadvantages, for example it is 

difficult to achieve acceptable inter-rater reliability and there is a wide range of 

techniques that are described in literature, and which are used by classifiers from 

different countries (Tweedy et al., 2010). Despite the described disadvantages that 

manual muscle testing contains, it is still a widely used method in Paralympic 

classification, partly due to the absence of a more suitable method (Tweedy et al., 

2014).  

 

 

2.7 Isometric muscle testing 
 

 

Isometric muscle testing is known to be advantageous for classification purposes, since 

they are somewhat unresponsive to high-speed, dynamic strength training that often is 

required by athletes to achieve performance enhancement (Cronin & Hansen, 2005). 

And provides ratio-scaled, quantitative information about force generating capacities 

of muscle groups (Beckman et al., 2017). Beckman et al. (2017) are in their review 

describing how a strength impairment assessment method must have a high training 

resistance. Meaning that athletes, who practice high-speed resistance training to 

achieve optimized performance, are less probable to change their classification strength 

measures and be placed in a class for athletes with lenient impairment (Tweedy & 

Vanlandewijck, 2011). A reason not to use manual testing when assessing impairment 

is that there is always an unreliability in data from questionnaires. Removing the human 

factor at the time of measurement improves reliability (Thrane, 2019). The most 

appropriate assessment methods for strength, and which should be used for 

classification, are isometric multi-joint tests performed at joint angles that facilitate 
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maximum force production (Beckman et al., 2017; Beckman et al., 2014; Connick et 

al., 2018). 

 

2.8 Knowledge gap 
 
 

In previous research kinematic analyses of elite flat-water paddlers, during paddling on 

water and on a kayak, ergometer has been conducted. The researchers found that the 

kayaking stroke is a complex movement, and that it involves both upper limb and trunk 

movements in three dimensions. These movements are combined with coordinated leg 

movements (Begon et al., 2010; Limonta et al., 2010; Fleming et al., 2012; Nilsson & 

Rosdahl, 2016) and the key determinants for performance in kayak paddling were found 

to be hip extension, knee extension, trunk flexion and leg press (Bjerkefors et al., 2018; 

Bjerkefors et al., 2019). Further, the interrater reliability of a classification system for 

Para Va’a, using manual testing, have been examined and showed good results (Rosén 

et al., 2020). However, to the author’s knowledge, no research has earlier been done on 

the development of a sport specific strength measurement system for para kayak 

classification.   

 

Additionally, to work in line with the recommendations by the IPC when developing 

an evidence-based method for classification, and due to the findings in the above-

mentioned studies, the purpose of this study is to design, develop and evaluate the 

reliability of a test battery for para kayak. The main features of the method are that the 

tests are performed isometrically, are sport-specific and the collecting data is 

quantitative data. Furthermore, to investigate if testing time could be reduced, the 

results from three and two trials are analysed for reliability.  
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3. Purpose and research questions 
 
 

3.1 The aim of the project  
 
The overall aim of this study was to design and develop a sport specific test battery to 

measure force in isometric contractions during leg press, hip extension, knee extension 

and trunk flexion. The aim was then to: 

 
a) test-retest the test battery on able-bodied participants, to ensure the reliability of the 

method for further research. 

b) evaluate whether performing two or three trials is sufficient when testing the test 

battery for reliability.  

 
 

3.2 Question at issues:  
 
 

a) How reliable is the novel sport specific test battery between two test occasions when 

using the mean average of three trials? 

b) How reliable is the novel sport specific test battery between two test occasions when 

using the mean average of two trials? 

4. Methods 
 
 

4.1 Development of novel sport specific isometric strength 
measurement   

 
 
Earlier studies in the field were searched for as an inspiration to this study. Inspiration 

regarding equipment for building this novel test battery, were collected from a previous 

publication on novel isometric strength test for classification in wheelchair racing 

(Connick et al., 2017) and from a publication on development of a novel strength test 

battery for classification in general (Beckman et al. 2014). As mentioned in the above, 
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previous research have found that kayaking strokes are complex movements that 

involves both the trunk and legs in coordinated movements (Begon et al., 2010; 

Limonta et al., 2010; Fleming et al., 2012; Nilsson & Rosdahl, 2016). As mentioned in 

the above, from the previous studies we learnt that hip extension, knee extension, trunk 

flexion and leg press are the key determinants for performance in kayak paddling. To 

ensure a high validity, the above-mentioned tests were decided to be used during the 

development of this novel sport specific isometric strength measurement system.  

 

Equipment at the school of sports and science, GIH, were inventoried and equipment 

used in a previous study by Bjerkefors et al. (2018), a modified kayak ergometer, 

became the base for this novel test set up. The equipment used in previous study had 

partially been used to collect data from kinematic and kinetic analysis during kayak 

paddling and was suitable to be the basis for this novel test system. A custom-made 

force plate, built as a footrest was attached to the ergometer, well suited to be used to 

measure isometric strength during the leg press. A transducer (for knee extension test) 

and custom-made seat was built and attached to the equipment ergometer. The 

equipment was placed closed to a wall, where a force transducer could be attached to 

be used in the set up for trunk flexion (see figure 6). In the solution to enabling the 

performance of hip extension a barbell was used and a force transducer was attached to 

the barbell (see figure 5). The tests were all aimed to be sport specific, meaning the 

participants were put in positions with certain joint angles. The joint angles selected for 

the testing positions were interpreted from a previous study by Bjerkefors et al. (2018). 

The mean angle for trunk flexion was 85 degrees, hip flexion 110 degrees and for knee 

flexion was 50 degrees. To prevent participants from changing joint angles and 

preventing them to compensate in the movements during testing, straps were attached 

to the equipment and to the participant. Also, a pass piece in styrofoam was cut out in 

the correct angle and put under the participant’s knee, during the performance of knee 

extension test (see figure 4). The test set up were then tested multiple times by the 

author in first-hand, for durability. When the durability reached a satisfied level by the 

author, practice trials were made on colleagues.  

 

A review of any ethical problems associated with the conduct of this study were made 

before recruiting participants for the study. An application for the Ethics Committee 

was written and approved for the study (Dnr: 2018/477-32). Before testing was started, 
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all participants were given information about the tests, oral and in writing, and they all 

signed a consent form and a declaration of health (Appendix 2). The information that 

the participants were given included information about, (1) the test procedure and the 

purpose of the study, (2) how they could at any time during their participation ask 

questions and would get truthfully answers in return, (3) how they could stop or 

withdraw their participation from the tests, without further explanations, at any time 

before or during the tests and finally, (4) how their anonymity were going to be 

protected. Only necessary personal data such as the name, length and weight of the 

participants were collected before the test procedure began. Personal data of the 

participants were treated with caution and was not available to others. 

 

 

4.2 Participants 
 
 
Ten able-bodied participants volunteered to this study (eight females). All participants 

were recruited via convenience sampling. The inclusion criteria for the study were 

following; above 18 years of age and healthy, meaning the participants did not have 

any orthopaedic- or neurological injuries that could affect their performance or ability 

to perform the chosen movements. Data were collected in the Biomechanical lab at the 

Swedish School of Sport and Health Sciences (GIH), Stockholm.  

 

Table 1- Description of participants 

  n Δ Height (m) Δ Weight (Kg) 

10 1,60 – 1,85 53,2 - 90,0 

n= number of participants   

 

 

4.3 Test procedure 

 

 
All participants performed a test battery of four isometric strength tests to evaluate the 

functional strength of the complex movements. The four tests were: 

• leg press (figure 1) 

• knee extension (figure 2) 
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• hip extension (figure 3) 

• trunk flexion (figure 4) 

The order of the strength tests for each participant, was randomized through a 

randomizing program (Urbaniak & Plous, 2021). The four tests were completed with 

the participant seated and strapped in the customized force measurement system. As 

mentioned above, the tests were aimed to be sport specific meaning the participant were 

put in a certain position with certain body angles. The angles were certified with a 

goniometer before the first trial of each of the four tests. The goniometer was used by 

an experienced physical therapist. 

A spirit level was used to reassure that the transducers were all placed longitudinal to 

the drag- or push force. To standardize the placement of the force transducers, the 

participants Tibia and Femur was measured before testing was started. The force 

transducers were then placed 20 % of the length of femur/tibia, proximally of the lateral 

malleoli during knee extension test, and proximally of basis patella during hip extension 

test. Tests, performed on the lower extremity, were all performed unilaterally.   

 

 

4.4 Test protocol 
 
 
The participants completed three maximal isometric contractions for each exercise with 

a duration of 5 seconds, and a 30 second rest separating each trial. The athletes were 

asked to ramp up the isometric contraction during 2 seconds, with clear instructions 

from the test leader when to start, when the time hit the halfway mark at 1 second, and 

then gave the participant a “GO” at 2 seconds mark, resulting in a 3 second duration at 

maximal isometric contraction-level. Each participant completed the test battery two 

times with a minimum of 24 hours and a maximum of 7 days, between the tests.  

 

 

4.4.1 Leg press test 
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Figure 3. Illustrates the set-up position the participants were placed and strapped into when 

performing the unilateral leg press test.  

 

Arm folded across the chest and with a rigid backrest against pelvis. The foot of the 

testing leg was placed and secured on the force measuring footrest (as shown in Figure 

3). The non-testing leg was placed on the floor with a 90 degrees flexion angle in both 

knee and hip. The knee of the testing leg was positioned in a 50 degrees angle. The 

participant was asked to keep the trunk straight and to press against the footrest during 

the test. 

 

 

4.4.2 Knee extension test 
 

 

 
Figure 4. Illustrates the set-up position the participants were placed and strapped into when 

performing knee extension test.  
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Arms folded across the chest and with a rigid backrest against their pelvis. The hip and 

knee of the testing leg was positioned in a sport specific position, i.e. in 50 degrees knee 

flexion. The non-testing leg was placed on the floor with a 90 degrees flexion angle in 

both knee and hip. A loop was tied around the ankle of the testing leg (as shown in 

Figure 4). A force transducer was secured to the loop. The participant was asked to 

keep the trunk straight and to extend the knee during the test. 

 

 

4.4.3 Hip extension test 
 

 

 
Figure 5. Illustrates the set-up position the participants were placed and strapped into when 

performing hip extension test.  

 

Arms folded across the chest and with a rigid backrest against their pelvis. The hip, of 

the testing leg was positioned in a 110 degrees hip flexion. A loop was secured to the 

rig, perpendicular to the thigh of the testing leg. A chain with a force transducer was 

then secured between the rig and the thigh of the testing leg (shown in Figure 5). The 

chain with the force transducer was placed proximally of the basis patella. The non-

testing leg was secured to the seat with non-elastic strappings. The participant was 

asked to keep the trunk straight and to push their thigh towards the floor.  



13 
 

 

 

4.4.4 Trunk flexion test 
 
 

 
Figure 6. Illustrates the set-up position the participants were placed and strapped into when 

performing trunk flexion test.  

 

The participants were seated in the customized force measurement system, with a 

backrest against their pelvis, arms folded across the chest (Figure 6). For this test 

participants had a vest that consisted of a non-elastic fabric and had a front side that 

covers the chest. Both feet were placed on the floor with legs positioned in a 90 degrees 

knee flexion and an 85 degrees hip flexion. Legs were secured to a firm rig, with non-

elastic straps, to prevent feet from leaving the floor. A force transducer was tied to the 

participants vest and, horizontally, to the wall. The participant was asked to pull straight 

forward with their trunk kept in a straightened position. 
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4.5 Data collection and analysis 

 
 
In three out of four tests a piezoelectric force transducer (Type 9311B, Kistler 

Instruments AG, Switzerland) was used (Figure 4-6), and in one test (Figure 3) a 

custom-made footrest (Nilsson & Rosdahl, 2014), conducted two piezoelectric three-

dimensional force transducers (Type 9347B, Kistler Instruments AG, Winterthur, 

Switzerland). The transducers were connected to an amplifier (Type 5073, Kistler 

Instruments AG, Switzerland) and the force signal was collected in Spike2 (CED, 

Cambridge Electronic Design Limited, England) at a sampling rate of 1500Hz. The 

data reading was made in Volts, which were then converted into Newton through a 

conversion factor. For each trial, a window of 2 seconds was used. The window was 

decided by the last force-peak (cursor 1 in Figure 7 below); 0,2 seconds from the last 

peak the first marker (cursor 2 in Figure 7 below) was set, and the second (cursor 3 in 

Figure 7 below) was set two seconds from the first marker (cursor 2 in Figure 7 below). 

The mean value, during the two seconds, was used in the statistical analysis. A mean 

value of two and three data points respectively, were then used to analyse for reliability. 

 

 

Figure 7. Shows the curve in Spike for Leg press. X-axis = force in V (Volt) and Y-axis = S 

(time). 
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4.6 Statistics 

 
 
Data used during the analysis, was the mean value of three respectively two trials. All 

data was analysed using IBM SPSS statistics (IBM, Armonk, NY, USA). The Shapiro. 

Wilk test of normality was used to assess the normality of the data. The level of 

significance when testing normality was set to p < 0.05. A dependent t-test and an 

intraclass correlations coefficient (ICC) with a 2-way mixed effects- model, absolute 

agreement, method 3.1 (Koo and Li, 2016) were used to assess the test-retest reliability. 

The guideline by Koo, T.K, and Li, M. Y. (2016), were chosen to be used for 

interpreting the ICC data. According to the guideline the level of clinical significance 

is excellent if ICC is > 0.9 and good if ICC is > 0.75.   

 

 

5. Results 
 

 

The Shapiro Wilk-test indicates that the collected data were normally distributed for all 

tests, both when using data from two and three trials. Table 2 and 3 presents the results 

of test-retest data using the data variables collected during two separate test occasions. 

Table 2 presents data from three trials and Table 3 presents data from two trials.  

 
Table 2- Test-Retest Reliability of a novel sport specific force measurement- using data from 

three trials (n=10) 

Test 

name T1 M(SD)(N) T2(SD)(N) 

M diff. 

T1-

T2(N) 

ICC average 

(95% CI) 

P-

value SEM 

L_Press 1282,6 (264,4) 1331,9 (307,4) -49,3 0,92 (0,54-0,96) 0,34 48,9 

R_Press 1257,0 (269,4) 1247,4 (260,9) 9,58 0,93 (0,73-0,98) 0,83 43,5 

L_Hip 271,5 (94,6) 265,0 (85,2) 6,5 0,96 (0,83-0,99) 0,61 12,2 

R_Hip 290,9 (89,9) 283,7 (79,5) 7,2 0,96 (0,85-0,99) 0,51 10,6 

L_Knee 397,3 (73,0) 430,9 (116,1) -33,7 0,77 (0,18-0,94) 0,22 25,8 

R_Knee 413,6 (96,0) 421,8 (131,1) -8,2 0,95 (0,81-0,99) 0,62 16,1 

Trunk 399,7 (128,5) 388,7 (120,5) 11,0 0,91 (0,65-0,98) 0,64 23,0 

M= mean value, SD= standard deviation, N= newton, ICC= Intraclass correlation coefficient, 

CI= confidence interval, P-value= value from paired sample t-test, SEM= standard error of the 

mean. *No significant difference were found between test occasion 1 (T1) and test occasion two 

(T2). 
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The results of the dependent t-test and ICC indicates that there was no significant 

difference in the test-retest when using data from three trials (P-value >0,05 and ICC > 

0,7). P-values ranged from 0,22 to 0,83. For all movements, the ICC- coefficients 

ranged from 0,77 to 0,96. The mean difference between the tests (T1 – T2) ranged 

between -49,3 to 11,0, and Standard error of mean (SEM) between the tests (T1-T2) 

ranged from 10,6 to 48,9.  

 

Table 3- Test-Retest Reliability of a novel sport specific force measurement- using data from 

two trials (n=10) 

Test 

name T1 M(SD)(N) T2(SD)(N) 

M diff. 

T1-

T2(N) 

ICC average 

(95% CI) P-value SEM 

L_Press 1251,4 (376,7) 1332,7 (288,5) -81,3 0,88 (0,55-0,97) 0,18 55,8 

R_Press 1227,3 (264,9) 1295,3 (286,0) -68,0 0,90 (0,64-0,98) 0,21 50,0 

L_Hip 269,8 (94,2) 264,1 (85,9) 5,7 0,97 (0,88-0,99) 0,60 10,3 

R_Hip 285,1 (92,4) 281,6 (91,7) 3,6 0,95 (0,81-0,99) 0,80 13,0 

L_Knee 391,4 (81,2) 422,2 (109,0) -30,9 0,78 (0,17-0,94) 0,26 25,7 

R_Knee 404,2 (84,8) 422,7 (125,3) -18,5 0,94 (0,77-0,99) 0,27 15,9 

Trunk 397,3 (122,5) 384,1 (122,9) 13,2 0,93 (0,74-0,98) 0,52 19,9 

M= mean value, SD= standard deviation, ICC= Intraclass correlation coefficient, CI= 

confidence interval, P-value= value from paired sample t-test, SEM= standard error of the mean. 

*No significant difference were found between test occasion 1 (T1) and test occasion two (T2). 

 

 

The results of the dependent t-test and ICC indicates that there was no significant 

difference in the test-retest when using data from two trials (P-value >0,05 and ICC > 

0,7). P-values ranged from 0,18 to 0,80. For all movements, the ICC- coefficients 

ranged from 0,78 to 0,97. The mean difference between the tests (T1 – T2) ranged 

between -81,3 to 13,2, and Standard error of mean (SEM) between the tests (T1-T2) 

ranged from 10,3 to 55,8. 

 

  

6. Discussion  
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The purpose of this study was to design, develop and evaluate the reliability of a novel 

test battery for para-kayak. Current method used in the classification system, for para 

kayak, is manual muscle testing (International Paralympic Committee, 2007). To work 

in line with the IPC, to further improve evidence-based methods for classification, the 

aim of this study was to design, develop and evaluate the reliability of a new test battery 

for para-kayak. It was also to evaluate whether performing two or three trials is 

sufficient when testing the test battery for reliability. 

The main features of the method in the study, was that the tests were performed 

isometrically, they were sport-specific, and the collecting data was of quantitative 

characterization. The test battery measured four isometric strength (force) tests; leg 

press, hip extension, knee extension and trunk flexion, and it was tested on ten able-

bodied participants to ensure the reliability of the method for further research. 

 

 

6.1 Results 

 
 
Overall, all tests evaluated in this study (both when analysing data from two 

respectively three trials) showed good reliability and no systematic error were found. 

All data evaluated in this study were also normally distributed. According to the ICC 

results test, when analysing data from three trials, one test showed good reliability; knee 

extension left (0,77). All other data showed excellent reliability (ICC > 0,90). When 

analysing data from two trials, according to the ICC results two tests showed good 

reliability (> 0,75); leg press left (0,88) and knee extension left (0,78). All other data 

showed excellent reliability (> 0,90).  

 

When the raw data for knee extension left was examined closely, there were two 

participants that had a difference of about 40% between the two test occasions. In both 

cases the two participants reached a higher force on the second test occasion, than the 

first. It is likely that this has an impact on the results for reliability on knee extension 

left. Hence, the ICC of knee extension left were found to be “good” when using both 

three and two data points during analysis and had a low SEM (25,7 N and 25,8 N). 
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Additionally, no significant difference in the paired test were shown (P=0,26 and 

P=0,22). No pain or injuries were reported before or during testing.  

 

The results of this study indicate that all tests can reliably be applied in a classification 

system for para-kayak. Both methods, using three data points and using two data points, 

can be used when analysing the data. However, a higher ICC average were found using 

three data points. To the author’s knowledge there has been no earlier published studies 

evaluating a novel test battery for para-kayak classification similar to this study. 

However, studies have been made on other sports such as for example wheelchair track 

racing and wheelchair rugby. Similar equipment and methodology were used in those 

studies, and both found to be reliable. (Connick et al., 2018; Altmann et al., 2018) 

 

 

6.2 Equipment 

 

 
This novel test battery has three main features; it is sport specific, the tests are 

performed isometrically, and raw data is available for further analysis. All features 

included, are within the frames of what the IPC are recommending for a classification 

system to contain (International Paralympic Committee, 2021). Additionally, the 

classification code certifies that the methods used for classification are transparent, 

significant and conducts evidence-based test methods that include valid and reliable 

tests of high standard (Tweedy & Vanlandewijck, 2011; Altmann, 2018). The novel 

test battery of this study is working along with the above-mentioned goal.  

In a review about the background and scientific principles of classification system by 

Tweedy & Vanlandewijck (2011), the authors state that when performing valid test of 

impairments, the testing should for example be resistant to training. The equipment of 

this study includes those criteria. The tests are done isometrically, which has earlier 

been described by Cronin and Hansen (2005), as an advantageous method for 

classification purposes, since it is unresponsive to dynamic strength and high-speed 

training. Another feature of this novel test battery is that it assesses the resultant force 

of key muscle groups acting over multiple joints at the same time. This is a feature that 



19 
 

differs from the current method of strength assessment using manual testing (Daniels, 

1986).   

 

 

6.3 Limitations 

 

 
In accordance with the IPC, classification tests must, among other things, be resistant 

to training (Beckman et al., 2017). Studies by e.g., Cronin & Hansen (2005) suggest 

that isometric muscle testing is unresponsive to high-speed and dynamic strength 

training. In a study recently published by Kordi et al. (2020), where the aim was to 

assess the efficacy of a sport specific isometric resistance training program on peak 

power output in elite cyclists, suggests that the resistance training improved peak power 

output. Therefore, the question of whether isometric muscle testing is resistant to 

training or not needs deeper analysis. 

 

Only two out of ten participants were men. A more heterogenic group would be 

preferable to ensure the stability and durability of the customized force measurement 

system. The participant reaches a high level of force when testing “leg press”, meaning 

the equipment must be rigid and stable enough to handle the high forces. The equipment 

would need to be enforced for further studies to ensure the stability.  

 

In this study, the participants were not given a practice trial before the start of collecting 

data. As written above, two participants reached higher forces in left knee extension, 

during the second test occasion comparing to first test occasion. Could it be that the 

difference in the participants' first and second test occasions was due to the fact that 

there was no familiarization for the participants? Meaning that the participants did not 

perform a practice trial before the start of collecting data. The participant could have 

been given a practice trial before starting to collect a new movement. During the 

practice trial the participant could have seen how the curve and force was ramped up 

during the first two seconds before they hit max. Since the participant was not given a 

practice trial, it is possible that a successively higher score would be seen during test 

occasion one. This, on other hand, was not seen within the three trials of the first test 
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occasion in this study. Also, if results would not be significantly reliable, it could be 

argued that the participants’ increase of performance was due to an enhancement of 

learning. The participant was given a 30 second rest between each trial. If the results 

were not to be significantly reliable, one could also argue for this being a too short of a 

rest.  

 

 

6.4 Methodological considerations  

 

 
The method used in this study does not regulate cheating. A participant could perform 

a submaximal trial without the test leaders knowing. In the future, if using the test 

battery for classification, this is something one would have to take into consideration. 

A suggestion for preventing cheating when using the above test battery, one should 

consider to still do the assessment at two different occasions in time. When the test is 

performed at two different occasions, the result should be the same. This is of course 

only possible if the test system is reliable, the spread should be within the individual, 

not in the test battery itself.  

A minimum of 24 hours and a maximum of 7 days, between the test occasions, were 

used in the study. One can suggest it being a too long of a time interval. Previous studies 

had their participants return for second test occasion after 2-14 days (Beckman et al., 

2014) and after 0-14 days (Beckman & Tweedy, 2009). Could it possibly be that, how 

many days between test occasion 1 and 2, has been determined based on what has been 

convenient during the studies? But to standardize the method of this study even more 

it could have been of value to have the same resting days between the two test 

occasions, for each participant.  

 

 

6.5 Further studies  
 
 

Further studies should focus on replication of this study on a more heterogenic and 

larger population. Further studies can also focus on replicating this study on para-kayak 

athletes. The study above, is one building brick towards the development of a 
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classification system that prevents athletes, who enhanced their competitive 

performance through training, to be moved to another classification class for athletes 

with a less limitation degree.  

Further studies should also investigate how the force data should be divided into 

different levels or classes for classification.  

 

 

6.6 Conclusion 
 
 
The result of this study indicates that all tests can reliably be applied in a classification 

system for para-kayak. According to the ICC results, dependant t-tests and SEM, all 

tests showed good (and above) reliability, meaning the novel test battery were found to 

be significantly reliable both when using two and three data points during analysis. This 

suggests that there is no need for performing a third trial.  
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Appendix 1 – Literature search 
 

Syfte och frågeställningar 

The aim of this study is three-folded:  

a) To design and develop a sports specific evidence-based test battery.  

b) To test-retest the test battery on able-bodied participants, to ensure the reliability of 

the method for further research. 

c) To evaluate whether performing two and three trials is sufficient when testing the 

test battery for reliability.  

The question at issue is the following: 

a) How to design and develop a sports specific evidence-based test battery to measure 

force in isometric contractions during leg press, hip extension, knee extension, trunk 

flexion. 

b) How reliable is the novel sport specific test battery between two test occasions when 

using two trials? 

c) How reliable is the novel sport specific test battery between two test occasions when 

using three trials? 

 

 

Vilka sökord har du använt? 

Ämnesord och synonymer svenska Ämnesord och synonymer engelska 

 Classification, kayak, Paralympic, 

evidence-based, strength, classification 

system 

 

Var har du sökt? 

Databaser och andra källor Sökkombination 

Pubmed 

 

 

“Classification” AND “kayak” AND 

“evidence-based” 

 

“strength” AND “evidence-based” AND 

“Paralympic sports” 

In para-sport, it is a challenge to prevent sided and predictable competitions where 

the least impaired athlete always wins. To prevent this from occurring, para-athletes 

are allocated to different classes due to their impairment. Since sports content 

different movement abilities and activities, the importance of impairment on each 

individual sport is different. Therefore, a sport specific classification system is well 

needed. 

 



 
 

 

"classification system" AND 

“paralympic sports” 

 

Kommentarer 

- Material från litteraturlistor via artiklar som hittats genom sökningar 

- Material från handledare 

- Material från rapporter med vetenskaplig grund från paralympiska 

kommitténs hemsida 
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Appendix 3 - Information- and consent form for participants in 
study 
 

Information och samtyckesformulär för deltagande i studie 1B 
Utvärdering av idrottsspecifik bål- och ben kraft för para-kanot 

Inbjudan för att delta 

Vi vill fråga dig om du vill delta i ett forskningsprojekt som syftar till att bedöma 

klassifikationssystemet för para-kanot, genom att mäta sport-specifik bål och ben 

kraft. Studien kommer att genomföras under evenemang för internationell 

klassificering, eller på Gymnastik och Idrottshögskolan, Stockholm. Vi kommer att 

undersöka reliabiliteten för ett skräddarsytt kraftmätningssystem, samt korrelationen 

mellan resultatet från din kraftmätning och resultatet från ditt klassifikations test. 

Kraftmätningssytemet kan komma att användas i framtida klassificering. Vi söker 

atleter som tävlar i para-kanot på nationell eller internationell nivå, samt personer utan 

funktionsnedsättning att ha som referens.  

Din medverkan är frivillig 

Det är enbart upp till dig att bestämma huruvida du vill delta eller inte i denna studie. Innan 

du bestämmer dig är det av stor vikt att du är väl införstådd i vad studien innefattar. Detta 

informationsformulär kommer att informera dig om varför studien genomförs, vad du 

kommer att vara med om under studien, samt informera dig om potentiella risker, otrevnad 

och fördelar som föreligger.   

Om du önskar att medverka, kommer du att bli tillfrågad att underteckna medföljande 

samtyckes formulär. Bestämmer du dig för att delta i studien så har du, under hela studiens 

gång, rätt att avbryta din medverkan utan att specificera orsaken till ditt beslut.  

Om du önskar att inte medverka, behöver du ej informera om orsak till ditt beslut om att ej 

deltaga.  

Var god läs noggrant igenom följande information innan du bestämmer dig. 

 

Vem genomför studien? 

Studien genomförs av masterstudent på Gymnastik och Idrottshögskolan (GIH) i 

samarbete med Internationella Kanot Förbundet (ICF). Studien finansieras av GIH 

och ICF. 

 

Bakgrund och orsak 

Att ett klassifikations system i Paralympisk idrott är rättvist är avgörande då ett icke 

rättvist system kan bidra till icke rättvisa resultat i tävlingar. Detta kan bidra till att 

atleter avskräcks från att medverka i Paralympisk idrott. För att uppnå ett rättvist 

klassifikationssystem, kräver nu Internationella Paralympiska Kommitteen (IPC) att 

alla idrotter har ett evidensbaserat klassifikationssystem. Trots att ett 

klassifikationssystem är evidensbaserat, så kan systemet fortfarande vara orättvist om 

att klassificerarna kan utföra ett klassifikationssystem på atleter, med samma 

funktion, olika. För att minimera diskrepansen mellan klassifikationerna på grund av 

potentiella subjektiviteter, är det önskat att klassifikationssystem är baserade på 

objektiva mätningar.  



 
 

 

Syftet med denna studie är därför att undersöka reliabiliteten på kraftmätnings system 

som kan användas för para-kanot klassifikationer i framtiden. Frågeställningarna som 

behöver besvaras är:  

Mäter ett kraftmätningssystem samma vid två tillfällen hos atleter med eller utan 

funktionsnedsättning? Finns en korrelation mellan värdet för idrotts-specifik 

kraftmätning och värdet för klassifikations test?  

För att besvara dessa frågor kommer cirka 100 manliga och kvinnliga para-kanotister, 

samt 20st arbetsföra personer, att testas i kraftmätningssystemet.  

Vem kan delta i studien? 

• Atleter som är behöriga att tävla i parakanot  

• Atleter med god hälsa 

• Atleter som är 18år och äldre 

• För referensgruppen: hälsosamma personer utan funktionsnedsättningar som är 18år 

och äldre 

 

Vem bör ej delta i studien?  
Du bör ej delta i denna studie om följande stämmer in på dig: 

• Du är under 18års ålder  

• Hjärt- och/eller lungsjuk  

• Psykiatrisk nedsättning 

• gravid  

• smärta eller överbelastnings symtom 

• du upplever lätt autonom dysreflexi (t.ex. okontrollerade plötsliga stigningar 

av blodtrycket) eller okontrollerade plötsliga sänkningar av blodtrycket 

 

Vid innehåller studien?  

Du kommer att bli testad i en styrkemätningsanordning, som testar din förmåga 
att producera kraft i bål flexion, höft- och knä extension och vid ben press. 
Samtliga test utförs med ett ben i taget. Rörelsen är densamma som du utför i en 
para-kanot.  
 

Vilka är de potentiella skadorna och biverkningarna? 

Riskerna för den förslagna studien är små. 

 

Vilka är de potentiella fördelarna med att medverkan i denna studie?  

Atleterna kommer att dra nytta av resultaten av denna studie, då vi arbetar för att göra 

klassificeringssystemet rättvist.  

 

Vad händer om jag bestämmer mig för att dra tillbaka mitt samtycke att delta?  

Din medverkan i denna studie är helt frivillig. Du kan, närsomhelst, avbryta ditt 
deltagande i studien. Om du besluter dig för att medverka i studien, men sedan 
avbryter ditt deltagande under studiens gång, kommer det inte att förekomma 
några straff eller någon förlust av förmåner som du annars har rätt till. Din 
framtida medicinska vård kommer inte heller att påverkas.  
Om du besluter dig för att medverka i studien och sedan avbryta deltagandet vid ett senare 

tillfälle, kommer all data som är insamlad om dig, under din tid i studien, att behållas för 

analys. Enligt lag får denna data ej förstöras.  

 

Kommer min medverkan i studien vara konfidentiell?  



 
 

Din konfidentialitet kommer att respekteras. Ingen information som avslöjar din identitet 

kommer att presenteras eller publiceras utan ditt specifika samtycke för avslöjande. All data 

kommer att göras oidentifierbar med en kod och all data kommer att behållas säker plats (i ett 

låst skåp, samt med lösenordskyddad elektronisk data) på huvudansvariges kontor eller 

laboratorium.  

 

Vem kontaktar jag om jag har frågor angående studien under min medverkan?  

Om du har några frågor eller önskar mer information om studien före eller under 
medverkan, är du välkommen att kontakta Anna Bjerkefors, huvudansvarig 072 53 

52 040. 
 

Efter studien är klar  
Insamlad data från studien kommer att presenteras i form av publikationer och/eller i 

konferenspresentationer och samtal. Ingen information som kan avslöja din identitet kommer 

att inkluderas i publikationer eller presentationer av denna studie. Resultaten från denna 

studie, när färdigställd, kan utlämnas till dig vid din förfrågan.  

 

Försäkring och ekonomisk ersättning för ditt deltagande 

Då du deltar i denna studie, har Gymnastik och Idrottshögskolan (GIH) tecknat en separat 

personlig reseförsäkring från Kammarkollegiet.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SAMTYCKE ATT DELTAGA I STUDIE 



 
 

 

 

 Utvärdering av idrottsspecifik bål- och ben kraft för 

para-kanot 

Ansvarig forskare:  

 iInvestigator: 

Dr. Anna Bjerkefors, RPT 
,2, PhD 

School of Human Kinetics, UBC 

 

Medverkande: Matilda Ekman, RPT, master 

student 

Johanna Rosén, PhD student, 

MSc 

Professor Toni Arndt 

Dr. Hans Rosdahl  

 

 

Forskningsgrupps- 

medlemmar:  

Institut:  Gymnastik och Idrottshögskolan(GIH) 

 

Kontakt information: Anna Bjerkefors 072 53 52 040  

email: anna.bjerkefors@gih.se 

 

 

 

• Jag har haft tillräckligt med tid för att överväga informationen och för att begära råd om 

det behövs.  

• Jag har haft möjligheten att ställa frågor och har fått tillfredställande svar på mina frågor. 

• Jag införstådd i att all insamlad information kommer att behållas konfidentiellt och att 

resultaten enbart kommer att användas för vetenskapligt ändamål. 

• Jag förstår att mitt deltagande i denna studie är frivilligt och att jag är helt fri att avstå 

medverkan eller att hoppa av studien närsomhelst under studiens gång, utan några följande 

konsekvenser.  

• Jag förstår att jag kommer att tillhanda få en daterad och undertecknad kopia av detta 

formulär. 

• Jag har läst och förstår den information och samtyckesformulär och är fri att samtycka för 

att medverka i denna studie.  

 

 

 

 

 

 

 

 

Deltagarens namn (vänligen texta) Signatur Datum 

mailto:anna.bjerkefors@gih.se


 
 

Huvudansvariges namn (vänligen texta) Signatur Datum 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

 


