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Abstract 

Aim 

The aim of the study was to examine the differences between able-bodied athletes (AB) and three 

para-athlete (PA) classes in three-dimensional range of motion (RoM) for the major joints of the 

body, and to define which joint angles are correlated with power output during paddling on a kayak 

ergometer. An additional aim was to validate three new classification tests used in classification of 

Paracanoe athletes. This study was an integral part of developing a new evidence-based classification 

system for Paracanoe which was accepted by the International Paralympic Committee in 2015. 

Method 

41 PA (13 F and 28 M; 35 ± 9.0 years, 70.6 ± 12.5 kg, 1.74 ± 0.12 m) and 10 AB (4 F and 6 M; 22 ± 

3.5 years, 78.3 ± 10.2 kg, 1.79 ± 0.06 m) participated in the study. Three-dimensional kinematic data 

was recorded using an optoelectronic system containing 12 infrared cameras capturing reflective 

markers placed on the participants, the paddle and on the force transducers. Force was measured at 

the paddle to enable calculations of power output. The kinematic and kinetic data were collected 

during paddling on the kayak ergometer at incremental intensities starting at a low intensity level (50 

W). The athletes then increased intensity with 50 W up to a high intensity level which was defined as 

the highest level the athlete could maintain with good technique for 20 stroke cycles. The athletes 

were then asked to paddle at a maximal level. The kinematic and kinetic data were imported into 

Visual 3D and MATLAB where all calculations were made.  

Results 

There were significant differences between the AB and the three PA classes for joint angles in the 

shoulder (e.g. flexion/extension and internal/external rotation, AB>PA), trunk (trunk rotation and 

trunk flexion, AB>PA) and leg (hip, knee and ankle flexion AB>PA) during paddling. Significant 

positive correlations were seen for both men and women between power output and trunk rotation 

RoM, hip, knee and ankle flexion RoM and in maximal trunk flexion during paddling. A positive 

correlation was also seen between the newly developed classification tests and the RoM values and 

power output.  

Conclusion 

This study showed that the RoM of the trunk and legs are positively correlated with power output 

during paddling on a kayak ergometer and that there is a significant difference between the AB and 

the PA classes in trunk and leg RoM. The results also showed that the newly developed classification 

tests are valid tests to use in classification of Paracanoe athletes.  



 

 

Sammanfattning 

Syfte och frågeställningar 

Syftet med studien var att undersöka skillnaderna mellan icke funktionsnedsatta idrottare (AB) och 

tre klasser av funktionsnedsatta idrottare (PA) i tredimensionellt rörelseomfång (RoM) i samtliga 

större leder i kroppen, och att definiera vilka leder som korrelerade med power output vid paddling 

på kajak ergometer. Ett ytterligare syfte var att validera tre nya klassificeringstester för klassificering 

i Parakanot. Denna studie var en viktig del vid utvecklingen av ett nytt evidensbaserat 

klassificeringssystem för Parakanot vilket blev accepterat av Internationella Paralympiska 

Kommitteen under 2015. 

Metod 

41 PA (13 K och 28 M; 35 ± 9.0 år, 70.6 ± 12.5 kg, 1.74 ± 0.12 m) och 10 AB (4 K och 6 M; 22 ± 

3.5 år, 78.3 ± 10.2 kg, 1.79 ± 0.06 m) deltog i studien. Tredimensionell kinematisk data samlades in 

med ett optoelektroniskt system innehållandes 12 infraröda kameror som registrerade reflekterande 

markörer som var fäst på försökspersonerna, på paddeln och på kraftgivarna. Kraft mättes vid 

paddeln vilket möjliggjorde beräkning av power output. Den kinematiska och kinetiska datan 

samlades in vid paddling på kajak ergometer på olika intensitetsnivåer och idrottarna startade på en 

låg intensitetsnivå (50 W). Idrottarna ökade sedan intensitet med 50 W upp till en hög intensitet 

vilket definierades som den högsta nivån som idrottarna kunde paddla stabilt på med bra teknik i 20 

drag cykler. Idrottarna paddlade sedan på en maximal nivå. Den kinematiska och kinetiska datan 

importerades sedan till Visual3D och MATLAB där alla beräkningar utfördes.  

Resultat 

Det fanns en signifikanta skillnader mellan AB och de tre PA klasserna för ledvinklarna i skuldran 

(flexion/extension och inåt/utåt rotation, AB>PA), bålen (bål rotation och bål flexion, AB>PA) och i 

benen (höft, knä och ankel flexion, AB>PA) vid paddling. Det fanns en signifikant positiv 

korrelation för både män och kvinnor mellan power output och RoM i bål rotation, höft, knä och 

ankel flexion och i maximal bål flexion vid paddling. En positiv korrelation fanns även mellan de 

nyutvecklade klassificeringstesterna och RoM värdena samt power output.  

Slutsats  

Studien visade att bål- och benrörelsen är positivt korrelerat med power output vid paddling på kajak 

ergometer och att det är en signifikant skillnad mellan AB och PA klasserna i bål och ben RoM. 

Resultaten visade också att de nyutvecklade klassificeringstesterna är valida tester för användning 

inom klassificering av Parakanotister.  
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1. Introduction 

In November 2010, The International Paralympic Committee (IPC) decided to include 

Paracanoe as a new Paralympic sport for the Paralympic Games. The Paracanoe events were 

confirmed on February 1st 2015 after a new evidence-based classification system for 

Paracanoe was presented to the IPC. The reason for including Paracanoe was due to the robust 

classification system which was based on extensive research conducted by a research group 

from The Swedish School of Sport and Health Sciences on a request from the International 

Canoe Federation (ICF). In recent years, the IPC has highlighted the importance of an 

evidence-based classification system for all athletes to control the impact of impairment on 

the outcome of performance (Tweedy & Vanlandewijck 2011). In newest version of the 

Paralympic Code, it states that international federations must develop sports specific 

classification systems through research and that it must focus on the relationship between 

impairment and key performance determinants (IPC 2015). The first step in creating an 

evidence-based classification system for Paracanoe was to determine the sport specific joint 

range of motion (RoM), the maximum and minimum joint angle values for the whole body 

and power output in able-bodied kayakers during paddling on a kayak ergometer to get 

reference values that could be used in the physical assessment part of the classification 

(Bjerkefors, Tarassova, Rosén, Zakaria & Arndt, submitted). The second step was determine 

the sport specific joint RoM, the maximum and minimum joint angle values for the whole 

body and power output in para-kayakers during paddling on a kayak ergometer and to 

compare these values with the values obtained from the able-bodied athletes. The third step 

was to correlate the sport specific joint angles from both the able-bodied athletes and para-

athletes with power output to determine which joint angles are important for kayaking 

performance and to correlate the new classification tests for Paracanoe with the results from 

this research. This project on advanced level includes the second and third steps of creating an 

evidence-based classification system for Paracanoe. The results of this study will be the 

foundation of creating a new evidence-based classification system for Paracanoe and it will 

also provide information for coaches and athletes of the movements of para-kayakers with 

different levels of impairments during paddling on a kayak ergometer. Furthermore, it will 

also provide information of which movements are important in producing power output 

during paddling.  
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1.1. Background 

1.1.1. Paralympic classification  

Classification refers to grouping of entities (or units) based on observable properties that they 

have in common (Tweedy & Vanlandewijck 2011). Two types of classification that are 

normally used in sport include performance classification and selective classification (Tweedy 

& Vanlandewijck 2011). Performance classification permit competitors to compete against 

other competitors with similar performance (Tweedy & Vanlandewijck 2011). Examples of 

performance classification include the handicap system in golf and the belt system used in 

martial arts.  Examples of selective classification systems include age-based classification, 

size-based classification and sex-based classification (Tweedy & Vanlandewijck 2011).  

 

The IPC is the global governing body of the Paralympic Movement and also the organiser of 

the summer and winter Paralympic Games. The vision of the IPC is to “enable Paralympic 

Athletes to achieve sporting excellence and inspire and excite the World” (IPC 2007). In 

Paralympic sports athletes are classified into different classes depending on how much 

activity limitation their impairments cause. The purpose of having a classification system in 

Paralympic Sport is to determine eligibility and to minimise the impact of eligible types of 

impairment on the outcome of competition (Beckman, Newcombe, Vanlandewijck, Connick 

& Tweedy 2014; Tweedy & Vanlandewijck 2011). Eight types of physical impairments are 

eligible to be classified in Paralympic sport: five impairments of function (impaired strength, 

impaired range of movement, hypertonia, ataxia and athetosis) and three impairments of 

structure (limb deficiency, leg length difference and short stature).  

 

When the Paralympic movement began, the classification was based on medical evaluation 

and did not place emphasis on assessing the impact of the impairments on sport (IPC 2007). 

This has changed markedly during the last years and in the newest version of the Paralympic 

Code, the IPC state that the “international federations must develop sport-specific 

classification systems through multidisciplinary scientific research. Such research must focus 

on the relationship between impairment and key performance determinants” (IPC 2015, p. 

10). An evidence-based classification system will therefore be a necessity for all federations 

wanting to participate in the Paralympic games during the upcoming years. 
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1.1.2. Paracanoe classification 

The first races in Paracanoe started in 2008. Today about 240 para-athletes compete in the 

sport. The eligible impairment groups included in Paracanoe are impaired muscle power, 

impaired range of motion and limb deficiency. The previous Paracanoe classification system 

included three classes called A, TA and LTA. The athletes that were included in the A class 

were athletes with the highest impairments and typically only had function in their arms, or 

did not have an elbow or wrist joint. The athletes in the TA class typically had function in 

arms and trunk but not in the legs, or did not have a wrist joint. The athletes included in the 

LTA group were athletes with the least impairment and typically had function in arms, trunk 

and partial function in legs, or loss of at least three fingers. This system was adapted from the 

para-rowing classification system and did not have any research supporting the definitions of 

the classes.  

 

To be included in the 2016 Paralympic Games, the IPC demanded that the ICF create an 

evidence-based classification system. A project to create an evidence-based classification 

system was therefore initiated by the ICF in 2010. This project was finished in January 2015 

and the system was accepted by the IPC in February 2015. The system is based on a scoring 

system where the athletes will get a score ranging from 0 to 2 for three newly developed 

classification tests: a leg test, a trunk test and a sport specific on-water test (Figure 1) (See 

Appendix 2 for further information about each test). Depending on their scores from each test, 

the athletes will end up in different clusters for each test. The cluster scores (1-3) from all 

tests are then summed to a total score which can range from 3-9. When the total score is 

determined, the athletes will end up in one of the three different classes which the athlete will 

then compete in (Figure 2). The new system will not include athletes with upper limb 

impairments or athletes with cerebral palsy due to an insufficient number of participants 

included from these groups of athletes. In the new system the athletes with the highest 

impairment are called Kayak Level 1 (KL1) and are typically athletes with no function in 

trunk or legs. The second class is called Kayak Level 2 (KL2) and typically include athletes 

with limited trunk and/or limited or no leg function. The third class include athletes with the 

least impairments and is called Kayak Level 3 (KL3). The athletes in this group typically have 

near to full or full function in trunk and limited function in legs. 
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Figure 1. Overview of the new evidence-based Paracanoe classification system  

 

 

Figure 2. Overview of each class in the new evidence-based classification system for Paracanoe. 

1.2. Existing research 

1.2.1. Paralympic classification research 

In 2007 the IPC declared that all international federations participating in Paralympic sport 

must create an evidence-based classification system, i.e. a system created through practices or 

procedures on the basis of scientific methods that have been shown valid, effective and 

reliable (IPC 2007).  Since this decision in 2007, sports specific classification research has 

been conducted in numerous of Paralympic sports including for example wheelchair 

basketball (de Lira, Vancini, Minozzo, Sousa, Dubas, Andrade, Steinberg & da Silva 2010), 

wheelchair rugby (Altmann, Hart, van Limbeek & Vanlandewijck 2014), wheelchair tennis 

(Cavedon, Zancanaro & Milanese 2014), swimming (Oh, Burkett, Osborough, Formosa & 
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Payton 2013), athletics (Beckman and Tweedy 2009; Connick, Beckman, Spathis, Deuble and 

Tweedy 2015; Vanlandewijck, Verellen, Beckman, Connick & Tweedy 2011) and Nordic 

skiing (Pernot, Lannem, Geers, Ruijters, Bloemendal & Seelen 2011). The majority of 

classification research have been conducted in athletics by a research team in Australia lead 

by Dr. Sean Tweedy. They have for example investigated how much range of movement and 

coordination affect Paralympic sprint running performance (Connick et al 2015), developed a 

talent identification test battery test for Paralympic throwing (Spathis, Connick, Beckman, 

Newcombe & Tweedy 2015), developed test batteries for assessing strength in athletics 

(Beckman, Newcombe, Vanlandewijck, Coonick & Tweedy 2014) and written a review 

article of the conceptual basis, current methods and research update of Paralympic 

classification (Tweedy, Beckman & Connick 2014). The review article by Tweedy, Beckman 

and Connick (2014) describe four steps on how to initiate and develop evidence-based 

methods of classification. The first step is to specify the impairment types that are eligible for 

the sport, the second step is to develop valid measures of impairment(s), the third step is to 

develop standardised, sport-specific measures of performance and the fourth step is to assess 

the relative strength of association between measure of impairment and measure of 

performance (Tweedy, Beckman & Connick 2014).  

 

The classification research conducted in different sports have been conducted in different 

ways, examining different things but they have all included one or more of the steps described 

by Tweedy, Beckman and Connick (2014). De Lira et al (2010) examined how wheelchair 

basketball athletes’ anaerobic and aerobic performance correlated with the results from the 

functional classification and found that there was a significant correlation between the results 

from the anaerobic and aerobic tests and the functional classification system. Altmann et al 

(2014) developed a survey to athletes, classifiers and other involved in wheelchair rugby to 

assess how the perception of the current classification was as a first step in creating a new 

evidence-based classification system. One of the things they discovered was that there was a 

concern about how to evaluate the trunk. In their new system they therefore suggest to adjust 

the evaluation of the trunk. Cavedon, Zancanaro and Milanese (2014) aimed to assess the 

validity of the classification system used in open-class wheelchair tennis (“players with a 

permanent mobility related physical disability” resulting in a “substantial-loss of function in 

one or both lower extremities”) by examining the relationship between post-impact ball 

velocity in the serve and the severity of the impairment. They also examined the shoulder and 
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wrist angles at the instant of ball impact. Their results showed that the severity of the athletes’ 

impairments influenced the post-impact ball velocity and shoulder angle meaning that the 

athletes with least severity of impairment is most likely to win the competition. The authors 

therefore concluded that the current classification system used for wheelchair tennis is flawed.  

 

An interesting method of examining how a type of impairment affects performance in cross-

country skiing (double-poling) has been used by Holmberg, Ohlsson and Danvind (2012). 

They created two full-body simulation models, using the AnyBody modelling system, with 

the same anthropometric data implemented: one simulation model with full muscle setup and 

one without muscles in the right lower leg and foot (Holmberg, Ohlsson & Danvind 2012). 

By excluding these muscles, it was therefore possible to demonstrate how the use of a lower 

leg prosthesis may affect the muscular work during cross-country skiing.  The results of this 

pre-pilot study indicated that when the cross-country skiing motion is performed without 

muscles in the right lower leg and foot, the motion requires more muscle work in total for the 

same external work and is therefore less effective (Holmberg, Ohlsson & Danvind 2012). 

Muscle simulations of this type can increase the understanding about how one type of 

impairment affects the performance in a specific sport without taking into account technique 

and fitness level. 

1.2.2. Kayak research 

In 2012, 200 m races were included in the Olympic Games programme for able-bodied male 

and female athletes. This is also the length of the competitions in Paracanoe. 200 m races 

require a high power output and have shown to derive energy from mainly anaerobic 

pathways with only 37% of the energy derived from aerobic sources (Byrnes & Kearney 

1997). Longer races of 500 and 1000 m have however shown the opposite i.e. energy is 

mainly derived from aerobic sources (Byrnes & Kearney 1997).  

 

The kayak stroke consists of a water phase and an aerial phase (McDonnell, Hume & Nolte 

2012). The water phase consists three sub-phases (entry, pull and exit) with four defining 

positions: catch, immersion, extraction and release (McDonnell, Hume & Nolte 2012) (Figure 

3).  
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Figure 3. Overview of the kayak stroke consisting of the water phase and aerial phase for the right hand side. 

Note that the phases, sub-phases and positions are also the same for the left hand side.  The water phase has three 

sub-phases; entry, pull and exit. The phase defining positions are 1. Catch, which occurs when the tip of the 

blade is in contact with the water, 2. Immersion, which occurs when the entire propulsive surface of the blade is 

in contact with the water 3. Extraction, which is the last moment where the entire propulsive surface is in contact 

with the water and 4. Release, which is the last moment of contact between the tip of the blade and the water 

(McDonnell, Hume & Nolte 2012).  

 

Previous research within kayaking have examined performance during different conditions; 

on a kayak ergometer, white-water paddling outdoor and flat-water paddling outdoor. van 

Someren, Philips and Palmer (2000) found that the distance covered on the kayak ergometer 

during 4 min of paddling is the same as paddling on open water for 4 min and found that 

paddling on a kayak ergometer accurately simulates physiological demands as observed 

during open water kayaking. They concluded that kayak ergometer paddling is a reliable and 

valid laboratory assessment of athlete’s specific physiological status.  

 

Kinematic analyses conducted within kayaking on a kayak ergometer have examined two 

dimensional (2D) (Fleming, Donne, Fletcher & Mahony 2012; Mann & Kearney 1980) and 

three dimensional (3D) kinematics (Fleming, Donne & Fletcher 2012; Wassinger, Myers, 

Sell, Oyama, Rubenstein & Lephart 2011). Previous kinematic research within kayaking have 

mainly been focused on upper-body movement. Wassinger et al. (2011) described the 

scapulo-humeral movement in experienced white-water kayakers and compared the kinematic 

performance between body sides. Mean values for humeral elevation ranged from 18 to 76° 

during the kayak stroke cycle and there were no significant differences between body sides 

for the kinematic data. Fleming, Donne and Fletcher (2012) conducted a kinematic 3D 

analysis of the upper body and revealed that overhead arm movements accounted for 
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approximately 40% of the stroke cycle. The study by Michael, Rooney and Smith (2012) 

analysed the effect of 3D paddle angle, paddle force and timing during the paddling 

movement in elite kayakers during paddling on a kayak ergometer. The study did not include 

RoM evaluation but the results revealed that there was a significantly greater power output 

during the right paddle stroke compared to left paddle stroke. It was not until recently a study 

examining whole-body kinematics was conducted (Bjerkefors et al, submitted). The results 

showed that there were no significant differences in any of the joint RoM values between 

body sides. The results also showed that with increasing intensity, stroke frequency and RoM 

values for several joints increased. Stroke frequency has been showed to increase with 

increasing intensity in several studies (Bjerkefors et al, submitted; Brown, Lauder & Dyson 

2011; Bourgois, Van Renterghem, Janssens, Vrijens & de Blieck 1998).  

 

Brown, Lauder & Dyson (2011) conducted a notational analysis of international, national and 

club level sprint kayakers to determine if key technique factors could be identified. This study 

was the first to find empirical evidence that the trunk may play a predominant role in 

technique and performance. They also found a clear link between performance and greater 

motion of the legs, whilst minimising any lateral motion of the body. This study is one of few 

that have examined the legs contribution in performance in kayaking. The interest of the leg 

work during kayaking has increased in recent years and recently, Nilsson and Rosdahl (2014) 

conducted a study to design and validate new portable force-measurement device for 

recording push and pull forces on the foot rest and the horizontal forces generated at the seat. 

The device was found to be highly reliable and valid which opens up a possibilities of more 

studies examining the effect of leg work in kayaking in the future (Nilsson & Rosdahl 2014).  

 

No known research has previously been conducted on Paracanoe athletes, however, a PhD 

thesis by Bjerkefors has been conducted on the effects of kayak training on paraplegics 

(Bjerkefors 2006). The conclusion from the thesis is that training on a kayak ergometer 

increases shoulder muscle strength, improves postural stability in response to support-surface 

translations and improves the ability to perform well on functional wheelchair tests in persons 

with spinal cord injury (SCI).  
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1.3. Aim and research questions 

In order to get accepted onto the Paralympic programme and to be included in the 

Paralympics Games in Rio 2016 it was necessary for Paracanoe to create an evidence-based 

classification system. No known research has previously been conducted on Paracanoe. This 

process needed therefore to be conducted in a series of steps. The first step of creating a new 

evidence-based classification system was to conduct a whole-body 3D motion analysis of 

able-bodied athletes to get reference values of each joint angle since no previous research has 

examined the whole-body kinematics in elite level kayakers (Bjerkefors et al, submitted). This 

study is the second and third step in creating a new evidence-based classification system for 

Paracanoe and the purpose was to gain more knowledge of para-kayakers in order to validate 

the newly developed classification tests for Paracanoe. The research questions are:  

 What are the sport specific ranges of motion in the upper limbs (bilaterally: shoulder, 

elbow, wrist), lower limbs (bilaterally: hip, knee and ankle) and trunk and power 

output in elite level para-kayakers with varying types of impairments (impaired 

muscle power, impaired range of motion, limb deficiency) during kayak ergometer 

paddling? 

 Are there any significant differences in joint RoM between the data collected by 

Bjerkefors et al (submitted) from a group of able-bodied athletes and the three 

Paralympic classes?  

 Which joint angles are correlated with power output during paddling on a kayak 

ergometer? 

 Are the newly developed classification tests valid sport specific tests that can be used 

in classification of para-kayakers? 
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2. Method 

2.1. Ethical considerations 

Ethical approval was granted from the Regional Ethical Review Board in Stockholm (ref: 

DNR 2013/1040-31/3). The participants were given information about the study when 

recruited. Further information about the study was given during the data collection both orally 

and in writing. Each participant was asked if he or she understood the purpose of the study 

and got the chance to raise any concerns or questions. The risk of the study was minor as the 

participants were participating in an activity they frequently engage in, paddling on a kayak 

ergometer. The athletes were informed that they should not engage in vigorous training the 

same day of the testing as this may affect their normal RoM and power output. The athletes 

were also informed that minor discomfort could be experienced as the athletes were asked to 

perform 20 stroke cycles on maximal level. After the participants had been informed about 

the study both orally and in writing, they were required to sign an informed consent form and 

a health declaration (Appendix 4 and 5). The athletes were assured that their anonymity 

would be protected and not revealed to anyone except the researchers present at the data 

collection. The participants were informed that they could withdraw from the study at any 

time without having to provide an explanation. All data from this data collection will be 

unidentified by a code and kept in a secured place in the principal investigators office.  

2.2. Pilot studies 

The pilot studies were conducted on able-bodied athletes for the study by Bjerkefors et al 

(submitted). The pilot studies tested different marker placements and camera positions to best 

capture the marker trajectories. Since this study used the same protocol as the study of 

Bjerkefors et al (submitted), pilot studies including para-kayakers were not necessary.  

2.3. Participants 

Data from 54 para-kayak athletes was collected. After excluding five para-kayak athletes due 

to inexperience (not competing at national or international level) and eight para-kayak athletes 

due to having a non-eligible impairment for para-kayak, a total of 41 para-kayak athletes (13 

females and 28 males) from 12 different countries from four continents participated in the 

study (35 ± 9.0 years, 70.6 ± 12.5 kg, 1.74 ± 0.12 m). The athletes were either national or 

international level paddlers and had been competing at this level for at least one year and had 
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an established training programme. Nine of the para-kayak athletes were classified as KL1, 14 

athletes were classified as KL2 and 18 athletes were classified as KL3 in the new Paralympic 

classification system (for more information regarding class definition c.f. page 3). The para-

athletes trained on average 5.3 ± 1.3 sessions per week with a total exercising time of 14.3 ± 

6.8 hours per week. A detailed description (injury, results from the trunk, leg and on-water 

tests, kayaking experience and sport class) of the para-kayak athletes are presented in 

Appendix 3. A reference group of 10 elite able-bodied athletes from Sweden (four females 

and six males; 22 ± 3.5 years, 78.3 ± 10.2 kg, 1.79 ± 0.06 m) also participated in the study. 

The able bodied athletes trained on average 6.9 ± 1.7 sessions per week with a total exercising 

time of 15.4 ± 3.9 hours per week. The data collection of the able-bodied athletes were a part 

of the newly submitted article by Bjerkefors et al (submitted).  

 

The para-athletes and the able-bodied athletes were recruited through their team leaders who 

were contacted by email from the ICF or in person during competitions. The exclusion criteria 

for both the group of athletes were athletes competing on less than national level and athletes 

with injuries that affected their normal paddling technique. The female athletes were asked to 

wear a sports bra and all athletes were asked to wear tight fitting shorts during data collection 

to minimise the risk of clothes covering the markers.   

2.4. Measurement devices and experimental set-ups 

2.4.1. Optoelectronic motion capture system 

Three-dimensional kinematic data were collected using an optoelectronic motion capture 

system (Qualysis AB, Gothenburg, Sweden). The trajectories of spherical light-weighted 

passive reflective markers (12 mm diameter) were captured by twelve infrared cameras 

(OQUS 4, 3 megapixels) that were positioned on tripods around the kayak ergometer 

(Dansprint, I Bergmann A/S, Denmark) (Figure 4). The sampling frequency was set to 150 

Hertz (Hz). The Qualisys Wand 300 calibration kit was used for calibration of the system. 

The calibration was conducted by placing the L-shaped reference frame at the origin of the 

measuring volume, i.e. on the kayak ergometer, so that the global coordinate system could be 

defined, and by waving the T-shaped 298.8 mm wand in accordance with the manufacturers’ 

guidelines. The calibration was performed in the area where the athletes would be performing 

the kayak stroke on the kayak ergometer.  
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Figure 4. Drawing of the camera and kayak ergometer setup and the global coordinate system seen from above.  

2.4.2. Piezioelectric force transducers 

Two piezoelectric force transducers (Type 9311B, Kistler Instruments AG, Switzerland) were 

connected with the rope from the ergometer flywheel close to each end of the paddle shaft. 

This allowed continuous measures of force from each side of the paddle shaft. The sampling 

frequency was 1500 Hz. The force transducers were connected to an amplifier (Type 5073, 

Kistler Instruments AG, Switzerland) and the signals were A/D converted (Kistler 

Instruments AG, Switzerland).  

2.5. Data collection 

The data collection of the para-athletes took place during the Sprint Canoe World 

Championships in Duisburg in August 2013 (11 athletes), at the National Water Sports Center 

in Nottingham in December 2013 (8 athletes), at the Institut für Angewandte 

Trainingswissenschaft in Leipzig in October 2014 (20 athletes) and at the Swedish School of 

Sport and Health Sciences in Stockholm in November 2014 (2 athletes). The data collection 

of the able-bodied athletes was conducted at the Swedish School of Sport and Health Sciences 

(GIH) during the spring in 2013.When the athletes arrived to the data collection they were 

welcomed, orally informed about the study and asked to read the participant information and 
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to sign an informed consent form (Appendix 4) and a health declaration (Appendix 4). 

Between 39 and 64 reflective markers were placed on various anatomical landmarks of the 

participants (Appendix 6). The number of markers and marker placement was adjusted for 

athletes with limb deficiencies. Three additional markers were placed on the paddle shaft and 

two markers were placed on each side of each force transducer. Before the data collection 

started, the athletes were introduced to the test procedure and if they used adaptive seats or 

straps, these equipment were mounted on the kayak ergometer. This was to replicate the 

athletes’ conditions that they normally have in their boat. A standing or sitting reference trial 

with the athletes standing or sitting in an anatomical position was recorded with the Qualisys 

system. The athletes were then asked to perform a five minute warm-up on the kayak 

ergometer at a self-chosen intensity. Thereafter, the athletes were asked to paddle 20 stroke 

cycles at incremental intensities with a three-minute break between each test. The force 

transducers were calibrated between each trial by releasing the tension of the rope from the 

fly-wheel so that a zero force-baseline could be set. The para-athletes started paddling at a 

very low intensity level which was set at 25 W. Both the able-bodied athletes and the para-

athletes were then asked to paddle at low intensity level (IntL) which was set at 50 W. The 

athletes were instructed to maintain each intensity level as stable as possible during at least 20 

stroke cycles (one stroke cycle is defined from left catch to left catch) whereas 10 stroke 

cycles were then used in the analysis. After the athletes had paddled at 50 W, the intensity 

was increased with 50 W increments up to a high intensity level (IntH), i.e. the highest level 

that the athlete could stably maintain with a good technique for 20 strokes. The athletes were 

then asked to paddle at maximal intensity (IntM). During the IntM level the athletes were first 

instructed to slowly increase the intensity during 15 kayak stroke cycles up to IntM. When 

reaching IntM after 15 cycles, they were instructed to execute 20 all out maximal stroke 

cycles. The athletes were verbally encouraged to maintain maximal intensity throughout the 

test. Synchronized kinematic and kinetic data were collected for each test.  

 

2.6. Data analysis 

2.6.1. Kinematic analysis 

Kinematic and kinetic data analysis were performed in Visual3D v.5 (C-Motion. Inc. 

Germantown, MD, USA) and MATLAB (The MathWorks, Inc., USA). The movement trials 

for each intensity and the standing reference trial for each participant were processed by 
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identifying the location of each marker using the Qualisys Track Manager software (Qualysis 

AB, Gothenburg, Sweden). The marker trajectories were then imported into Visual 3D where 

they were filtered using bi-directional, low pass Butterworth filter with a cut-off frequency of 

7 Hz. The coordinate systems were defined as right handed coordinate systems with X axis 

directed laterally to the right, Y axis directed forward (anteriorly) and the Z axis directed 

upward (superiorly). This allows the Eulerian sequence about the axes X, Y and Z correspond 

to forward flexion, abduction and axial rotation (Rab, Petuskey & Bagley 2002). The local 

coordinate systems were defined from the reflective markers, giving the proximal and distal 

ends of segments and the frontal plane. The standing or sitting reference trials transformed the 

position vectors between the local coordinate systems of the segments and the laboratory 

coordinate system. Cardan angles were used when calculating joint angles. Cardan angles 

describe the orientation of one coordinate system relative to another coordinate system as a 

sequence of ordered rotations from the initial position of one coordinate system (Robertson, 

Caldwell, Hamill, Kamen & Whittlesey 2014, p. 51). The standard Cardan Sequence of x' y'' 

z'' was chosen.  

 

2.6.1.1. Joint definition 

When defining the shoulder joint, Rab, Petuskey and Bagley (2002) suggest that researchers 

use the method that conveys meaningful data in an understandable form. The shoulder joint 

was defined according to the definition for shoulder joint in the RAB upper extremity model 

(Rab, Petuskey & Bagley 2002) for 38 of the para-athletes. For two of the para-athletes the 

shoulder was instead defined as a functional shoulder joint. For these athletes, the RAB model 

demonstrated non-meaningful data. With the shoulder abducted 90°, the z (axial rotation) axis 

of the humeral segment coincides with the x (flexion-extension) axis of the shoulder in its 

initial position. In this position, the decomposition of the initial angle of the rotation sequence 

(in this case, flexion) becomes indeterminate (gimbal lock). Rab, Petuskey and Bagley (2002) 

found that when analysing the angles of the linked model in the 89–91° range of abduction it 

yielded unreliable estimates for initial flexion angle. This was also seen for the participants in 

this study who reached >89° abduction. If this was apparent when using the shoulder joint 

definition from the RAB upper extremity model, the functional shoulder joint was used 

instead. The functional joint calculation used in Visual 3D has been adapted from Schwartz 

and Rozumalski (2005). The calculation of the functional shoulder joint requires movement of 

one segment relative to another segment (see further Visual 3D manual/Functional Joints). 
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Since the shoulder joint is modelled with all 3 degrees of freedom, the movement trial 

contained movements around the joint about all the three axes of rotation as suggested by 

Schwartz and Rozumalski (2005).  

 

The elbow joint was defined as 100% inferior of the existing upper arm segment in the axial 

axis. The wrist joint, knee joint and ankle joints were created by default in Visual 3D and is 

assumed to exist between the distal end of a segment and an extremely close proximal end of 

another segment (see further Visual 3D manual/Standard anatomical conventions). The hip 

joint landmarks are automatically created when creating a CODA pelvis segment. The 

location of the landmarks are defined as: Right hip joint = (0.36*ASIS_Distance,-

0.19*ASIS_Distance,-0.3*ASIS_Distance) and Left hip joint = (-0.36*ASIS_Distance,-

0.19*ASIS_Distance,-0.3*ASIS_Distance). 

 

2.6.1.2. Segment definition  

In Table 1 the upper limb, trunk and lower limb segments are defined.  

 

Table 1 

Segment description of upper arm, forearm, hand, trunk, pelvis, thigh, shank and foot. 

Segment Description 

Upper arm 

 

Shoulder joint and medial 

and lateral elbow. 

Forearm Elbow joint and radial and 

ulnar wrist.  

Hand Radial and ulnar wrist and 

metacarpal 1 and 5. 

Trunk Left and right acromion and 

left and right ASIS. 

Pelvis A CODA pelvis segment was 

created of the left and right 

ASIS and PSIS.  

 

Thigh Hip joint and medial and 

lateral knee.  



16 

 

Shank Medial and lateral knee and 

ankle. 

Foot Medial and lateral ankle and 

metatarsal 1 and 5. 

 

2.6.1.3. Joint angle definition  

In Table 2 the joint angles between the moving segment and the reference segment are 

defined for the upper limbs, trunk and lower limbs. 

 

Table 2 

Joint angle definitions (X, Y and Z to correspond to forward flexion, abduction and axial 

rotation). 

Moving segment Reference segment Designated joint movement 

Upper arm Trunk Shoulder: flexion/extension, 

abduction/adduction and 

external/internal rotation 

 

Forearm Upper arm Elbow: flexion/extension 

Hand Forearm Wrist: dorsal flexion/               

palmar flexion,  

ulnar deviation/radial deviation 

  

Trunk Pelvis Trunk: bending, rotation 

Trunk Global Coordinate System 

(GCS) 

Trunk: flexion/extension and 

rotation 

Thigh Trunk Hip: flexion/extension 

Shank Thigh Knee: flexion/extension 

Foot Shank Foot: dorsal flexion/ plantar 

flexion 
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2.6.1.4. Range of Movement (RoM) variables  

RoM in this study refers to the RoM of the joints when paddling on the kayak ergometer, not 

anatomical RoM. Maximal and minimal peak joint angle (PAMax and PAMin) flexion and 

extension and total RoM were calculated for the shoulder, elbow, wrist, trunk, hip, knee and 

ankle joints. Additionally, PAMax, PAMin and the RoM were calculated for shoulder abduction 

and rotation, for trunk rotation and lateral bending and for ulnar and radial deviation.  

2.6.2. Kinetic data analysis  

The calculated power output based on 3D analyses (P3D) was defined as a product of paddle 

forces and velocity of the markers attached on the force transducers. The total power and the 

power for each side were calculated which enabled calculations of side differences.  

For both the power and angle calculations, 10 stroke cycles for each intensity level were used. 

For the IntL and IntH the 10 strokes were calculated in the middle of each trial and for the IntM 

level the ten first strokes on the maximal level were calculated. The strokes were defined 

using the markers on the paddle or the markers on the hands (metacarpal 5) if the markers on 

the paddle could not be used due to markers being covered or falling off. 

2.7. Statistical analysis 

The statistics were carried out in Statistica 12 (StatSoft, USA). All parameters are presented 

as mean values and standard deviation (SD). No joint angle differences between males and 

females were expected as this was shown in the study by Bjerkefors et al (submitted), so 

therefore the angle results are presented as means and SD of males and females for each class 

of athletes. Statistics were only conducted on joint angles performed on the IntH level.  

 

The Shapiro Wilks’ W test was performed to test the data for normality. The majority of the 

angles were normally distributed for each of the four different classes (KL 1, KL 2, KL 3 and 

able-bodied athletes) therefore parametric tests were chosen. To detect differences in joint 

angle values (RoM, PAMax and PAMin) for the shoulder, trunk and legs between the able-

bodied group, KL 1, KL 2 and KL 3, three-way or two-way ANOVA were performed. The 

RoM in the shoulder were analysed using a two-way ANOVA with the factors: class and 

direction (flexion/extension, abduction/adduction and internal/external rotation). PAMax and 

PAMin for the shoulder angles were analysed using a three-way ANOVA with the factors of 

class, direction and peak (PAMax and PAMin). The RoM angles in the trunk were analysed 

using a two-way ANOVA with the factors: class and direction (flexion/extension, bending 
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and rotation in the GCS). PAMax and PAMin for trunk flexion were analysed using a one-way 

ANOVA with class as a factor. Differences between the trunk rotation angle and trunk 

rotation angle in GCS within each class were analysed using a two-way ANOVA with the 

factors: class and angle (trunk rotation and trunk rotation in GCS). The RoM in the legs were 

analysed using a two-way ANOVA with the factors: class and joint (hip, knee and foot). 

PAMax and PAMin for the leg angles were analysed using a three-way ANOVA with the factors 

of class, joint and peak. A one-way ANOVA was also conducted to identify differences 

between the classes in stroke frequency. If the data did not conform to the assumption of 

sphericity, the p-values were Greenhouse-Geisser corrected. Significant interaction effects 

were analysed further using the Unequal N HSD post hoc test. No statistical analyses were 

performed on the elbow or wrist joint since there were no athletes included with upper limb 

impairments. 

 

To define which joint angles correlated with power output, Person’s correlation coefficient 

was calculated between power output and the separate joint angles for able-bodied and para-

athlete men and women, respectively. The joint angles that significantly correlated with 

power output were divided in different compartments (trunk, leg and sport specific 

compartment). The joint angles included in each compartment were summed to a total 

compartment angle that was also correlated with power output. To validate the newly 

developed tests for classification in Paracanoe, Spearman’s rank order correlation were 

calculated between a) the values from the trunk compartment and the scores from the trunk 

test, b) the values from the leg compartment and the scores from the leg test, and c) the values 

from the sport specific compartment and the scores from the on-water test. All results were 

considered to be significant when p ≤ 0.05.  
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3. Results 

3.1. Peak joint angles and RoM and differences between classes 

The mean and SD for PAMax, PAMin and the RoM at the IntH level of each angle for each class 

is described in Table 3. There was a significant interaction in shoulder angles between class 

and direction (F=4.35, p<0.001) and between class, direction and peak (F=4.35, p<0.001). A 

significant interaction was also seen for the trunk angles between class and direction 

(F=36.49, p<0.001) and for the leg angles between class and joint (F=2.66, p=0.04) and 

between class, joint and peak (F=7.26, p<0.001). Significant differences between the classes 

were observed in trunk flexion PAMax and PAMin (F=9.14, p<0.001). Significant differences 

between the classes were also observed in stroke frequency (F=4.85, p=0.005). All significant 

differences between classes are presented in the right hand column in Table 3.  

 

Table 3  

Peak joint angles and ranges of motion (RoM) presented as means and standard deviations 

(SD) (degrees) of left and right body sides of able-bodied athletes and para-athletes when 

divided in the Paralympic classes: KL1, KL2 or KL3. Values were calculated for the 

shoulder, elbow, wrist, trunk, hip, knee and foot joints at a high intensity level (IntH).  

 

    KL1  KL2  KL3  Able-bodied 

athletes 

 
Sign. diff 

    Mean (°) SD  Mean (°) SD  Mean (°) SD  Mean (°) SD   

               

Shoulder Flexion (maximum) 82.2 7.4  98.9 12.4  105.7 12.0  103.6 6.7  a, d, e 

 Extension (maximum) 55.2 7.5  35.4 13.1  14.0 12.8  -14.2 9.1  a, b, c, d, e, f 

 RoM  137.4 10.8  134.3 18.3  119.7 14.8  89.4 7.5  a, b, c 

 Abduction (maximum) 68.0 8.2  66.9 7.4  60.9 11.8  47.5 7.2  a, b 

 Abduction (minimum) 4.6 6.8  3.5 7.7  6.2 7.8  7.2 3.0   

 RoM  63.4 10.4  63.4 9.4  54.6 14.2  40.3 6.4  a, b 

 Rotation (external) 55.5 9.2  55.9 11.6  37.8 17.2  26.5 12.9  a, b, e, f 

 Rotation (internal) 50.3 11.9  48.7 13.3  61.6 14.3  43.5 11.0  c, f 

 RoM  105.8 16.5  104.6 14.0  99.5 19.2  70.0 7.1  a, b, c 

               

Elbow Flexion (maximum) 121.8 14.6  106.9 13.2  101.7 14.4  105.6 13.0   

 Flexion (minimum) 31.8 7.0  21.8 14.0  28.4 11.2  22.7 7.8   

 RoM  90.0 16.7  85.0 20.3  73.3 20.0  82.8 13.0   
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Wrist  Flexion (palmar) 5.1 12.5  2.5 19.5  -9.1 7.0  9.0 4.6   

 Flexion (dorsal) 26.1 9.0  31.7 9.9  33.4 7.3  28.7 3.6   

 RoM  31.1 7.8  34.3 12.4  24.4 7.5  37.7 4.9   

 Deviation (radial) 11.3 8.1  9.5 6.4  12.1 6.5  8.9 4.1   

 Deviation (ulnar) 12.9 5.2  9.3 6.9  11.0 7.2  21.7 5.1   

 RoM 24.3 8.5  19.2 5.7  23.4 7.5  30.6 6.1   

               

Trunk 
Flexion (GCS) 

(maximum) 
-13.5 6.2 

 
-2.9 6.9 

 
4.7 7.2 

 
5.5 3.1 

 a, b, d, e, f 

 

Flexion (GCS) 

(minimum) 
-19.8 7.0 

 
-9.8 6.6 

 
-2.8 7.5 

 
-0.3 4.3 

 a, b, d, e, f 

 
RoM 6.3 2.6  6.9 2.1  7.6 1.9  5.8 3.1   

 
Rotation (GCS) (left) 26.3 8.9  31.9 7.7  35.4 7.9  51.1 3.4   

 
Rotation (GCS) (right) 25.0 15.7  31.8 5.7  36.1 6.3  50.8 2.8   

 
RoM 52.5 20.5  63.7 12.9  71.5 12.0  101.9 3.1  a, b, c, e 

 
Rotation (left) 22.5 7.6  25.9 5.6  25.1 6.0  25.6 6.8   

 
  Rotation (right) 18.4 12.4  25.4 5.9  24.2 4.6  25.6 5.7   

 
RoM 42.9 15.2  51.3 9.4  49.3 8.4  51.2 11.3   

 
Bending (left) 9.8 5.4  12.1 4.5  9.2 4.8  4.2 2.2   

 
Bending (right) 9.9 4.8  12.7 5.8  7.0 6.8  4.9 3.0   

 
RoM 19.7 7.8  24.8 7.1  16.1 6.1  9.2 3.3  b 

               

Hip Flexion (maximum) 83.3 8.8  87.0 20.8  101.6 17.1  112.0 5.3  a  

 
Flexion (minimum) 74.9 8.9  78.1 18.7  86.2 14.4  80.6 5.9   

 
RoM 8.5 3.4  8.9 5.4  15.5 6.3  31.4 4.9  a, b, c 

               

Knee Flexion (maximum) 36.6 13.3  30.3 22.8  39.2 12.9  49.9 4.3   

 Flexion (minimum) 27.8 11.9  21.9 21.8  16.8 10.6  4.3 5.2   

 RoM 8.8 6.8  8.4 8.4  22.4 11.1  45.5 6.7  a, b, c, f 

  
             

Foot Flexion (dorsi) -41.0 15.5  -27.7 19.5  -25.6 18.7  -4.4 5.5  a 

 

Flexion (plantar) 46.9 15.9  32.2 21.0  35.4 17.2  33.7 6.4   

  RoM 5.9 3.9  4.5 3.8  9.8 5.7  29.2 8.9  a, b, c 

 Stroke frequency 

(strokes/min) 
88.5 12.6  96.3 18.4  107.4 14.3  110.1 9.5  a 

 

 

a= Significant difference between able-bodied athletes (AB) and KL1 

b= Significant difference between able-bodied athletes (AB) and KL2 

c= Significant difference between able-bodied athletes (AB) and KL3 

d= Significant difference between KL1 and KL2 

e= Significant difference between KL1 and KL3 

f= Significant difference between KL2 and KL3 
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The descriptive statistics for power output for each sex divided into each class is presented in 

Table 4. 

 

Table 4 

Mean and (standard deviation) of power values (Watt, W) for each class and sex. The 

numbers inside the brackets next to each class indicate the number of athletes in that class. 

 Power 

 Males Females 

  KL1 (6) KL2 (9) KL3 (13) Able-bodied (6) KL1 (3) KL2 (5) KL3 (5) Able-bodied (4) 

Power (W) 154 (34) 313 (98) 406 (93) 526 (56) 105 (9) 137 (42) 227 (26) 331 (36) 

 

Note: Due to the low numbers of athletes in each class no statistics for differences between classes were made 

for power. 

 

 

A significant difference was found between trunk rotation and trunk rotation in GCS RoM for 

all classes (F= 44.42, p< 0.001) (Figure 5).  
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Figure 5. Differences in least square mean values and 95% confidence interval for trunk rotation (red) and trunk 

rotation in the global coordinate system (blue) for each class during paddling on kayak ergometer on a high 

intensity level. Note: AB = able-bodied athletes. 

3.2. Correlations of angles and power output  

The joint angles that significantly correlated with power output are presented in Table 5. 

There was a significant negative correlation between all shoulder angles and power output 

and between trunk bending RoM and power output, for both males and females. Significant 

positive correlations were found between hip, knee and foot flexion RoM and power output 

and between trunk flexion max and trunk rotation GCS RoM and power output, for both 

males and females. No significant correlations were observed between power output and 

elbow angles, wrist angles or the trunk rotation angle. 

 

Table 5 

Significant correlations between sport specific RoM and joint angle values and power output 

during high intensity (IntH) for male able-bodied athletes and para-athletes and for female 

able-bodied athletes and para-athletes during kayak ergometer paddling.  
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                                                      Power vs. sport specific RoM and joint angles 

 Males Females 

  Pearson r p-value Pearson r p-value 

Arm 
  

  

Shoulder flexion RoM -0.43 0.018 -0.79 <0.001 

Shoulder abduction  RoM -0.42 0.020 -0.53 0.024 

Shoulder rotation RoM -0.44 0.015 -0.77 <0.001 

     

Trunk 
  

  

Trunk Flexion Max joint angle 0.83 <0.001 0.56 0.017 

Trunk Rotation GCS RoM 0.66 <0.001 0.83 <0.001 

Trunk Bending RoM -0.48 0.007 -0.56 0.016 

      

Leg      

Hip Flexion RoM 0.71 <0.001 0.82 <0.001  

Knee Flexion RoM 0.69 <0.001 0.88 <0.001  

Foot Flexion RoM 0.38 0.039 0.79 <0.001  

 

 

The joint angles that were significant positive correlated with power output were divided into 

three different compartments a) the trunk compartment, containing the sum of the angles of 

the trunk that significantly correlated with power (trunk rotation GCS RoM and the maximal 

trunk flexion angle, which indicates the trunk position (flexion/extension) the athletes are 

sitting in), b) the leg compartment, containing the sum of the angles of the lower limbs that 

correlated significantly with power (hip, knee and ankle flexion RoM), and c) the sport 

specific compartment, containing the sum of the angles from the trunk and leg compartments. 

The results of the correlations between compartments and power output for men and women 

are presented in Table 6. There was a significant positive correlation between power output 

and all three compartments for both males and females. 
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Table 6  

Significant correlations between trunk, leg and sport specific (the sum of the trunk and leg 

compartment) compartments and mean power output for male and female able-bodied athletes 

and para-athletes during kayak ergometer paddling. 

 

                                           Power vs. compartments 

 Males                                        Females  

  Pearson r p-value Pearson r p-value  

Compartment      

Trunk 0.82 <0.001 0.82 <0.001  

Leg 0.71 <0.001 0.86 <0.001  

Sport Specific 0.80 <0.001 0.89 <0.001  

 

 

3.3 Validation of the newly developed tests for Paracanoe classification 

All the compartments obtained from the research were significantly correlated with each 

classification test (Table 7). 

 

Table 7 

Spearman’s correlation between the assessment tests and the joint angle compartments (trunk, 

leg and sport specific).  

 

Assessment tests vs. joint angle compartments 

 

Test 

 

Spearman’s Rho 

 

p- value 

 

Trunk test vs. Trunk compartment 

 

0.69 

 

<0.001 

Leg test vs. Leg compartment  0.72 <0.001 

On-water test vs. Sport specific compartment  0.81 <0.001 
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4. Discussion 

The aim of the study was to describe the joint movement of para-athletes and able-bodied 

athletes during paddling on a kayak ergometer and to compare the movement of the group of 

able-bodied athletes and the three classes of para-athletes. An additional aim was to examine 

which joints are most important for producing power output during paddling on a kayak 

ergometer and to validate the new classification tests for Paracanoe. The results of this study 

was an integral part of creating a new classification system for Paracanoe. One of the main 

findings was that there were significant differences between the able-bodied athletes and the 

three groups of para-athletes for the majority of joint RoM angles and that maximal trunk 

flexion, trunk rotation GCS ROM, hip, knee and foot flexion RoM were significantly 

positively correlated with power output showing the importance of trunk and legs during 

kayak paddling. Another main finding was that there was a significant positive correlation 

between results of the new classification tests for Paracanoe and the results from the research. 

4.1. Differences between the para-athletes and the able-bodied athletes 

The joint RoM of the shoulder angles, hip, knee and foot flexion angles and trunk rotation 

GCS angle of the able-bodied athletes were significantly different from all para-athlete classes 

during paddling on a kayak ergometer at an IntH level. This result was not surprising since the 

para-athletes have limited function in trunk and/or legs. No previous known research has been 

conducted on Paracanoe athletes and no known previous research has been conducted 

examining 3D whole-body kinematics of able-bodied athletes. Previous research have 

however shown that trunk rotation is an essential part of the kayak stroke (Brown, Lauder & 

Dyson 2011; Michael, Smith & Rooney 2009). Brown, Lauder and Dyson (2011) state that 

they have the first empirical evidence that clearly indicates that the rotation of the trunk may 

play a predominant role in technique and resulting performance. Their study was a notational 

analysis based on a researchers subjective scores of different variables like for instance trunk 

rotation and the methods can therefore be questioned. This study can however confirm their 

result that trunk rotation is important as it was demonstrated that trunk rotation GCS was 

positively correlated with power output showing that the athletes who exhibited more trunk 

rotation produces more power. This is also confirmed in the differences between classes 

where the able-bodied athletes exhibited a significantly higher trunk rotation GCS RoM than 

the three para-classes and also the KL3 class (athletes have full or nearly full trunk function) 

exhibited significantly higher values than the KL1 class. The KL3 class however 
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demonstrated a significantly less trunk rotation in the GCS compared to the able-bodied 

athletes. The athletes in the KL3 class usually have full or near to full trunk function so 

considering the evidence that trunk rotation is an important factor for paddling performance, 

this result of less trunk rotation is interesting from a coaching perspective as it demonstrates 

an area for improvement for the athletes in the KL3 class.  

 

The able-bodied athletes and KL3 athletes demonstrated a higher trunk flexion maximal value 

and a lower trunk flexion minimal value compared to the KL1 and KL2 class. This indicates 

that the able-bodied athletes and the less impaired athletes sit in a more forward flexed 

position compared to the athletes with higher impairment. The KL2 class also exhibited a 

higher trunk flexion maximal value and a lower trunk flexion minimal value compared to the 

KL1 class. This suggests that they sit in a more forward flexed position than the KL1 class but 

less than the KL3 class and the able-bodied athletes. Sitting in a more forward flexed position 

and being able to rotate the trunk more, may give a greater forward reach when entering the 

water with the paddle (Brown, Lauder & Dyson 2011). A greater forward reach has been 

shown to be a factor that differs high level paddlers from low level paddlers (Brown, Lauder 

& Dyson 2011). A reason for this has been thought to be due to a greater forward reach 

increases the distance covered of the blade in the water which increases the work done, which 

together with a higher stroke frequency can increase the power output (Brown, Lauder & 

Dyson 2011).  

 

All classes exhibited a significant difference between trunk rotation and trunk rotation GCS. 

This was especially apparent in the able-bodied group. Figure 5 shows a clear difference in 

joint RoM between the two angles with trunk rotation in the GCS exhibiting the largest RoM 

values. This is due to that trunk rotation in the GCS also takes into account the movement of 

the pelvis. The trunk rotation angle is on the other hand the trunk in relation to the pelvis 

(Table 2). The angle values for this angle are similar between all classes. Examining this 

angle alone would be very misleading since it shows that there are no significant differences 

in trunk rotation between the classes. When taking in account the pelvis, which is done in the 

trunk rotation GCS angle, a significant difference between the able-bodied group and all the 

para-athlete groups and between KL3 and KL1 is apparent. Figure 5 suggests that there is a 

larger angle difference between the trunk rotation and trunk rotation GCS for the able-bodied 

class (mean±SD: trunk rotation: 51.2±11.3°, trunk rotation GCS: 101.9±3.1°) compared to the 
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three para-kayak classes. This is due to that the able-bodied athletes are using their pelvis to 

further rotate the trunk. The KL1 and KL2 classes on the other hand are still with their pelvis 

meaning that only their upper trunk and chest can rotate, resulting in a similar value for the 

trunk rotation and trunk rotation GCS (KL1: trunk rotation: 42.9±15.2°, trunk rotation GCS: 

52.5±20.5°; KL2: trunk rotation: 51.3±9.4° trunk rotation GCS: 63.7±12.9°). The KL3 class 

has a larger angle difference (KL3: trunk rotation: 49.3±8.4°, trunk rotation GCS: 71.5±12.0°) 

between the two rotation angles than KL1 and KL2 but not as large of a difference as the 

able-bodied athletes. This can be important information for coaches as there is an area for 

improvement for the athletes in the KL3 class since they have the functional ability to rotate 

the pelvis.  

 

The able-bodied athletes exhibited a greater RoM in hip, knee and foot flexion compared to 

all para-athlete classes. This shows that being able to move the legs during paddling is an 

important performance factor. This has also been observed in previous studies where Brown, 

Lauder and Dyson (2011) found that higher level athletes use their legs more during paddling 

than lower level athletes and recently, Nilsson and Rosdahl (2015) found that not using the 

legs during paddling results in a reduction of 21 % in mean paddle stroke force and 16 % 

reduction in kayak mean speed. There was also a significant difference between KL3 and 

KL1 and between KL3 and KL2 for knee joint RoM. This shows that the least impaired class 

(KL3) has more function in the legs compared to the most impaired class (KL1) and the 

middle impaired class (KL2). This is in accordance with what was expected since when 

creating the new evidence-based classification system it was anticipated that the athletes with 

near full or full trunk function and partial leg function would end up in one class (KL3), the 

athletes with full or partial trunk and/or limited or partial leg function would end up in one 

class (KL2) and the athletes with limited trunk and limited leg function would end up in one 

class (KL1). 

 

Interestingly there was also a significant difference in shoulder angles even though no athletes 

with upper limb impairments were included. When examining the joint angles in the shoulder 

for each class it is apparent that the able-bodied athletes exhibit less movement in the 

shoulders compared to the para-athlete groups, in particular compared to the two classes 

including athletes with the highest impairments (KL1 and KL2). One likely reason for this is 

due to the athletes in the higher impairment classes having to rely on the movement of their 



28 

 

arms much more than the more functioning athletes since they cannot produce power using 

their legs and/or trunk. The more functioning athletes can in addition to their upper limbs, 

also use their trunk and/or legs to create power.  

 

The able-bodied class exhibited a significantly higher stroke frequency compared to the KL1 

class. Previous research on able-bodied kayakers have shown that when the distance 

decreases and become more sprint like, the stroke frequency increases demonstrating stroke 

frequency values ranging from 99 to 138 strokes per min (Fleming et al 2012; Brown, Lauder 

& Dyson 2011; Bourgois et al 1998). Stroke frequency has also previously been reported to 

be the key determinant of average velocity (Brown, Lauder & Dyson 2011). The results in the 

recently submitted article by Bjerkefors et al (submitted) showed that the able-bodied athletes 

increased stroke frequency with increased intensity and that the power output increased with 

increased intensity. In this study, there was a significant difference in stroke frequency at the 

IntH level between the able-bodied athletes (stroke frequency: 110±9.5 strokes/min) and the 

KL1 athletes (stroke frequency: 88±12.6 strokes/min). To increase power output, the athletes 

can either increase the velocity (i.e. stroke frequency) or increase the drag force (power= 

force x velocity) (Michael, Smith & Rooney 2009). The results of this study have 

demonstrated that the athletes in the KL1 class are not able to sit in a forward flexed trunk 

position and that they are not be able to rotate their trunk or use their legs to produce power. 

Since the para-athletes are therefore not able to produce as much force compared to able-

bodied athletes due to their impairments, it is even more important for these athletes to 

increase the stroke frequency.      

 

4.2. Important joint angles for producing power and validation of new 

classification tests 

The results of the correlations between joint angles and power output was not surprising after 

examining where the differences in joint angles between the classes were. The negative 

correlation between the different shoulder RoM angles during paddling and power output 

showed that athletes who produce more power have less shoulder movement, which was also 

seen in the differences between classes where the able-bodied athletes exhibited less angle 

values compared to the para-athletes. A negative correlation was also exhibited for the trunk 

bending RoM angle. This could be due to the para-athletes having a more difficult time 
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balancing on the ergometer compared to the able-bodied athletes and therefore exhibited more 

lateral movement. The excessive lateral movement of the upper trunk in relation to the still 

position of the pelvis can therefore be a reason for why the athletes who produce less power 

have a larger trunk bending RoM angle. 

 

For the trunk flexion maximal angle, trunk rotation in the GCS, hip, knee and foot flexion 

RoM, there was a positive correlation with power output for both men and women. When 

adding these angles into the leg and trunk compartment they were also positively correlated 

with power output. Additionally, when adding the leg and trunk compartment into a sport-

specific compartment, a positive correlation was seen for both men and women. These results 

suggests that sitting in a forward flexed position and being able to rotate the trunk and move 

the legs more produces more power when paddling on a kayak ergometer. This was important 

information when creating the new classification system, as its shows that the classification 

tests needs to test strength and RoM in the trunk and legs. The leg, trunk and the sport specific 

on-water tests that were created for the new classification system, therefore measured strength 

in the necessary sport specific RoM observed in the able-bodied kayakers. These tests were 

significantly correlated with the leg, trunk and sport specific compartments respectively, 

suggesting that these new evidence-based tests can be used in a new classification system for 

Paracanoe.  

 

Vanlandewijck et al (2011), Oh et al (2013) and this study have all aimed to examine the 

relative strength of association between impairment and key performance determinants. 

Vanlandewijck et al (2011) examined the association between trunk strength and racing 

wheelchair propulsion to determine if athletes with impaired trunk muscle strength could 

compete in the same class as athletes with full trunk muscle strength. Similarly, Oh et al 

(2013) assessed the swimming classification system by determining the relationship between 

passive drag and the level of swimming-specific impairment. This is similar to what has been 

done in this study where the joint angles have been correlated with performance (power 

output), to examine which factors are important to performance and then examining how the 

different classes including athletes with different level of impairments perform compared to 

each other. The newly developed classification tests were then validated by correlating the 

athletes’ results from the tests with the compartments including the joint angles that were 

important for performance. This study therefore comply with the Paralympic Code which 
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states that classification research must focus on the relationship between impairment and key 

performance determinants (IPC 2015). 

 

4.2. Limitations 

One of the main limitations of this study is that the study was conducted on a kayak 

ergometer and not on water. No known studies have previously conducted a kinematic 

analysis of kayakers on water. Previous studies have used the kayak ergometer to evaluate 

kayak performance (Fleming, Donne & Fletcher 2012; Fleming et al 2012, Michael, Rooney 

& Smith 2012; Wassinger et al 2011) and paddling on a kayak ergometer has shown to be 

able to simulate open sea kayaking in terms of distance covered during 4 min of paddling, 

oxygen consumption and heart rate (van Someren, Philips & Palmer 2000). It cannot however 

perfectly replicate muscle activity and force production (Fleming et al 2012). The movement 

of the kayakers may therefore be different on water compared to on a kayak ergometer and 

conclusions of these results should therefore be drawn with caution. There are however 

benefits with testing in a laboratory environment. The conditions can be standardised and the 

weather and wind does not affect the outcome. It would have been very difficult to have the 

exact same conditions for all 51 athletes if they would have been tested outside.  

 

The difference in the number of para-athletes in each classes was due to trying to get as many 

para-athletes as possible for the study. No power calculation was made of how many athletes 

was needed in each class. The difference in number of athletes between classes was 

considered when performing the statistical analyses since an Unequal Tukey post hoc test was 

conducted.   

 

Another limitation of the study was the inconsistent number of intensity levels between the 

participants. The less impaired and able-bodied athletes paddled at many more intensity levels 

compared to the athletes with the highest impairments. The effect of this is unknown 

however, it be that the able-bodied and low impaired athletes became more fatigued, 

compared to the athletes with high impairments, and therefore were not paddling on their 

“true” high intensity level. This part of the protocol will be changed for the future study of 

para-Va’a athletes where the coaches of the athletes will be consulted to help set the IntH 

level.  
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The variability within the groups is most likely higher for the three para-athlete classes due to 

there being a large range of different impairments in each class. Even though the impairments 

affect similar segments there is still a risk of variability between athletes. To minimise the risk 

of variability, only athletes who were competing at national or international level for at least 

one year with an established training program were included in the study. All participants 

were comfortable to paddle on high intensities on the ergometer.  

 

Even though 3D motion capturing is considered to be a valid and reliable golden standard 

method of measuring kinematics, one of the limitations with this method is that there is an 

issue with skin movement artefacts when using skin based markers. This can affect the results 

of the calculations of the angles. Markers were placed on bony landmarks where there was 

minimal underlying tissue to minimise the error associated with this issue. The other 

limitation when using the motion capturing system is the calculation of shoulder angles. Due 

to the issues that can arise with calculating the shoulder angles (see further section 2.6.1 under 

Joint definition), two different models were used. The differences in shoulder angles between 

these two models is minimal and was believed not have a functional significance.  

 

4.3. Suggestions for future research 

One suggestion for future research is to examine the muscle effect of wearing a prosthesis 

when paddling, similar to how Holmberg, Ohlsson and Danvind (2012) examined the effect 

of wearing a prosthesis during cross-country skiing. This kind of modelling could help 

understand the importance of the leg work during paddling. It would be interesting to examine 

the effect of an amputation of a foot, a lower leg or a whole leg unilaterally and bilaterally on 

power output and other performance determinants like time over 200 m.  

 

Another suggestion for future research is to examine the effects of using different types of 

seats, prosthetics and other adaptations to increase performance. This would be interesting 

since it is important that an athlete who has a low function but is well trained and/or uses 

good adaptations and equipment which increases their performance, is not punished by being 

classified into a more functioning class. Furthermore, it would be interesting to examine the 
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forces in the seat and on the footrest in able-bodied athletes and para-athletes during paddling 

on water to examine how they generate force to increase velocity of the boat. 

5. Conclusion 

The results of this study were important for creating the new classification system for 

Paracanoe which was accepted by the IPC in February 2015.  The results showed that there 

were significant differences in shoulder, trunk and leg angles during paddling on a kayak 

ergometer between able-bodied athletes and three classes of para-athletes. The study also 

showed that trunk rotation RoM in the GCS, maximal trunk flexion, hip, knee and ankle 

flexion RoM were positively correlated with power output showing the importance of these 

joints for producing power. The newly develop classification tests were significantly 

correlated with the sport specific RoM values and power output and can therefore be used as 

evidence-based tests for classification in Paracanoe.  
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Appendix 1 Literature search 

Syfte och frågeställningar: Syftet med studien var att få mer kunskap om rörelsen och power 

output hos para-kanotister samt att validera de nya klassificeringstesterna för Parakajak. 

Frågeställningarna var: 

Vilket är de sport specifika rörelseomfånget i kroppens samtliga större leder vid paddling på 

kajak ergometer hos kajak paddlare med olika typer av funktionsnedsättning? 

Finns det några signifikanta skillnader i rörelseomfång mellan gruppen av icke-

funktionsnedsatta kajakpaddlare och kajak paddlare med funktionsnedsättning indelade i de 

tre Paralympiska klasserna? 

Vilka ledvinklar är korrelerade med power ouput vid paddling på kajak ergometer? 

Är de nya klassificeringstesterna valida sport specifika tester som kan användas vid 

klassificering av para-kanotister? 

 

Vilka sökord har du använt? 
Kayak, kayak biomechanics, classification, Paralympics, Paralympic classification 

 

Var har du sökt? 
GIH:s bibliotekskatalog 

PubMed 

Ebsco 

Google Scholar 

 

 

Sökningar som gav relevant resultat 
GIH:s bibliotekskatalog 

PubMed 

Ebsco 

Google Scholar 
 

 

Kommentarer 
De flesta artiklar hittades via PubMed och google scholar. Artiklar hittades också via related 

searches i PubMed samt genom att leta i artiklars referenslista. Eftersom GIH inte har tillgång 

till många medicinska tidskrifter har kollegor som är bundna vid KIs universitet hjälpt till 

med artikelåtkomst.  
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Appendix 2 Information about the new classification tests 

The leg test 

The new leg test for Paracanoe classification includes measuring muscle strength through the 

sport specific range of motion (RoM) which was defined as the mean + 1 standard deviation 

of the sport specific maximum value and – 1 standard deviation of the sport specific minimum 

values from the able-bodied athletes during paddling on a kayak ergometer. A sitting leg press 

test is also scored for each leg which replicates the leg pressing movement a kayaker does 

when paddling. Each test is scored on a scale 0-2. 
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The trunk test 

The athletes perform six different trunk muscle tasks: trunk flexion, trunk rotation to the left 

and right, trunk lateral flexion to the left and right and trunk extension. Athletes’ abdominal 

muscles are individually scored on a scale from 0-2. Scores could range from zero activity to 

trace (0), poor to fair (1), good to normal (2) activity. Scoring criteria were task specific. The 

load of the exercise is adjusted by changing the position of the arms. If the athlete can only 

complete the tasks according to the criteria for 0 points the clinician palpates the key 

abdominal muscles (transversus abdominis/obliquus internus, obliquus externus, rectus 

abdominis, erector spinae at T7 and T12 level)). The following instruction is given for all 

exercises: breathe out (2s), go up to the target position (2s), hold the position (2s) and then 

relax. After the manual trunk muscle test is performed the athletes complete different 

functional tasks while sitting unsupported. The examination includes a) static tasks; sitting 

upright with arms across chest and with arms outstretched in 4 directions, b) dynamic tasks; 

moving trunk through a range of motion in 6 directions c) perturbation tasks; push and 

recovery from 6 directions and d) perturbation tasks while athlete is sitting on a wobble 

cushion; push and recovery from 6 directions. If the athlete fails to complete a task, no further 

tasks are needed to be performed. The tasks are graded from 0-2; 0=clearly fails, 1=in doubt, 

2=succeed. 
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On-water test 

The athletes are observed on-water in their boat using any adaptive equipment they normally 

use during a race. 6 items are scored from 0-2: right leg movement, left leg movement, 

balance, trunk posture, trunk rotation and trunk side flexion. These items were chosen by the 

researchers and the classifiers who based on research and experience considered these items 

to be important for kayaking performance. 
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Appendix 3 Para-athlete information  

Athlete identification number (ID), kayaking experience, injury, cluster scores from trunk, leg 

and on-water tests, total classification score and sport class. 

 
 ID  Experience  Injury  TRUNK 

CLUSTER 
LEG 

CLUSTER 
ON-WATER 

CLUSTER 
TOTAL 
SCORE 

CLASS 

1 2 Complete SCI T4  1 1 1 3 KL1 

2 2 Incomplete SCI L1/L2  2 2 2 6 KL2 

3 2 Eqinovatus feet, aplasia of tibia  2 2 2 6 KL2 

4 2 Incomplete SCI T11-L1  2 1 2 5 KL2 

5 2 Bilateral above knee leg amp.  2 2 2 6 KL2 

6 2 Bilateral below knee leg amp. 3 2 2 7 KL2 

7 2 Incomplete SCI L1  2 2 2 6 KL2 

8 2 Spastic diplegi  2 2 2 6 KL2 

9 2 Neuro-genetic disorder  3 2 3 8 KL3 

10 2 Unilateral above knee amputation (right)   3 2 3 8 KL3 

11 2 Spinal bifida/bilateral below knee leg amp.  2 2 3 7 KL2 

12 2 Unilateral below knee leg amp. (right)   3 3 3 9 KL3 

13 1 Unilateral above knee amp. (left)  3 3 3 9 KL3 

14 2 Viral infection damaged nerves in legs  2 1 2 5 KL2 

15 1 Childhood rheumatoid arthritis  3 2 3 8 KL3 

16 1 Incomplete SCI lumbar spine  3 2 3 8 KL3 

17 2 Incomplete SCI T12  3 3 3 9 KL3 

18 1 Unilateral above knee amp. (left)  3 3 3 9 KL3 

19 2 Spastic paraplegi  1 1 1 3 KL1 

20 2 Unilateral below knee amp. (left)  3 3 3 9 KL3 

21 2 Complete SCI T4/5  1 1 1 3 KL1 

22 2 No left acetabelum, short left leg (-12 cm)  3 3 3 9 KL3 

23 1 Complete SCI T3/T4  1 1 1 3 KL1 

24 2 Spina bifida L5  2 3 3 8 KL3 

25 1 Complete SCI C6/C7  1 1 1 3 KL1 

26 2 Complete SCI T11  1 1 2 4 KL2 

27 2 Complete SCI T10  1 1 2 4 KL2 

28 2 Bilateral clubfeet  3 2 3 8 KL3 

29 1 Complete SCI T11  1 1 1 3 KL1 

30 2 Single clubfoot right, stiffened ankle  3 3 3 9 KL3 

31 1 Dysmelia of left foot and below right knee  3 3 3 9 KL3 

32 1 Complete SCI T4  1 1 1 3 KL1 

33 1 Incomplete SCI T12  3 2 3 8 KL3 

34 1 Unilateral above knee amp. (right) 2 3 3 8 KL3 

35 1 Complete SCI T12  2 1 1 4 KL2 

36 1 Incomplete SCI T12, stiffened right wrist  1 2 1 4 KL2 

37 2 Complete SCI L1  1 1 2 4 KL2 

38 2 Complete SCI T11  1 1 1 3 KL1 

39 1 Complete SCI T9  1 1 1 3 KL1 

40 2 Incomplete SCI Lumbar  3 3 3 9 KL3 

41 2 Bilateral blew knee amp. 3 2 3 8 KL3 
Note: A score of in experience 1 indicates a National level kayak-paddler and a score of 2 indicates an 

international level kayak-paddler.  

Amp= amputation, SCI= Spinal cord injury 
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Appendix 4 Information and Consent  

Information and Consent form for participants  

 

Assessment of three-dimensional whole body range of motion and power output during 

paddling on kayak ergometer in para-kayak elite athletes 

 

Invitation to participate  

You are being invited to take part in this research study that aims to assess three-dimensional 

whole body range of motion during paddling on a kayak ergometer. You are being invited 

because you are an elite active para-kayak athlete. We have got your name from John 

Edwards at the International Canoe Federation (ICF).  

Your participation is voluntary 

It is entirely up to you to decide whether or not to take part in this study. Before you decide, it 

is important for you to understand what the research involves. This information form will tell 

you about the study, why the research is being done, what will happen to you during the study 

and the possible benefits, risks and discomforts. 

If you wish to participate, you will be asked to sign the accompanying consent form. If you do 

decide to take part in this study, you are still free to withdraw at any time and without giving 

any reasons for your decision. 

If you do not wish to participate, you do not have to provide any reason for your decision not 

to participate.  

 

Please take time to read the following information carefully before you decide. 

 

Who is conducting the study? 

This study is being conducted by researchers at the Swedish School of Sport and Health 

Sciences in collaboration with the International Canoe Federation and the International 

Paralympic Committee. The study is sponsored by The Swedish School of Sport and Health 

Sciences, Swedish National Centre for Research in Sports (CIF) and the International Canoe 

Federation.  
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Background and purpose 

The sport of canoeing is the application of power from the body to the blade of the paddle 

using both the leverage afforded by an optimally wide gripe on the shaft of the paddle blade. 

The power is amplified by the body pushing against the boat through footrests of the seat of 

the boat. The most effective stroke transfers power from the fixed point on the boat to the 

blade of the paddle. Para-canoeing is defined as including various degrees of interruption of 

the transfer of this power from the boat to the blade. 

 

The overall aim of this project is to investigate whether the performance in para-kayak elite 

athletes can be improved by biomechanical and metabolic measurements during sport-specific 

conditions with specific feedback to the kayakers. The aim is also to describe if there are any 

differences in motion performance between able-bodied elite athletes and para-kayak elite 

athletes classified as A=Arm, TA = Trunk and Arm, or LTA = Leg, Trunk and Arm. To 

answers this question this part of the study will be to assess three-dimensional whole body 

range of motion and power output during paddling on a kayak ergometer in para-kayak 

athletes.  

Who can participate in this study? 

 you are eligible to compete in para-kayak on international or national level   

 you are in good health 

 you are over 17 years of age  

 willing and able to attend to a lab-based session for participation 

Who should not participate in the study? 

You should not participate in this study if any of the following applies to you: 

 you are under 18 years of age 

 heart och lung diseases  

 psychiatric impairment  

 pregnancy 

 pain or overuse symptoms in the upper body  

 you easily experience autonomic dysreflexia (e.g. uncontrolled sudden rises in blood 
pressure) or uncontrolled sudden drops in blood pressurre 

What does this study involve? 

We will ask you to come to the lab 1 time and you can expect to spend about 1.5 hour in the lab.   
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During the session, we will apply 58 reflective markers (small balls with a diameter of 12 mm) on 

your body. After a 10 min warm up on the kayak ergometer you will be asked to paddle at different 

intensities, from 25 W to maximal intensity, 60 s on each level. Between each level of intensity, you 

will have a rest for 3 minutes. During the test we will register three-dimensional whole body range of 

motion and power output.  

What are the possible harms and side effects? 

The risks of the proposed study are minor. From the reflective markers applied on your skin 

you may experience irritation over the sites, but if mild redness occurs, in generally, it will 

subsides within 30 minutes. 

What are the potential benefits of participating in this study? 

It is anticipated that, if you taking part in the study, you will benefit of knowing how you are 

performing the kayak stroke at different intensities. With the data based on movement 

analysis system and the power output registration we are able to demonstrate if there are 

any asymmetries, coordination issues or other concerns related to the paddling 

performance. If it is determined that there are any movement related questions, optimal 

exercises for training can be prescribed.   

What happens if I decide to withdraw my consent to participate? 

Your participation in this research is entirely voluntary. You may withdraw from this study at any 

time. If you decide to enter the study and to withdraw at any time in the future, there will be no 

penalty or loss of benefits to which you are otherwise entitled, and your future medical care will not 

be affected. 

 

If you choose to enter the study and then decide to withdraw at a later time, all data collected about 

you during your enrolment in the study will be retained for analysis. By law, this data cannot be 

destroyed. 

Will my taking part in this study be kept confidential?  

Your confidentiality will be respected. No information that discloses your identity will be released or 

published without your specific consent to the disclosure. All data will be unidentified by a code and 

all data will be kept in a secured place (locked cabinets and password-protected electronic data) in 

the principal investigator’s office or laboratory.  
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Who do I contact if I have questions about the study during my participation?  

If you have any questions or desire further information about this study before or during 

participation, you are welcome to contact Anna Bjerkefors, principal investigator +46 70 731 69 44. 

After the study is finished 

The data collected from this study will be disseminated in the form of publications and/or conference 

presentations and talks. No information that could reveal your identity will be included in any 

publications or presentations arising from this study. The results of this study, once completed, can 

be provided to you at your request. 

 

Insurance for your participation 

When you participating in this study the School of Sport and Health Sciences has signed a 

separate personal travel insurance from the Swedish “Kammarkollegiet”. This insurance 

provides adequate cover for all research subjects who participate.  
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SUBJECT TO CONSENT TO PARTICIPATE 

 

 

 Assessment of three-dimensional whole body range of motion and power 

output during paddling on a kayak ergometer in para-kayak elite athletes 

Principal 

Investigator:  

 iInvestigator: 

Dr. Anna Bjerkefors, PhD, RPT 

,2, PhD 

School of Human Kinetics, UBC 

 

Study team 
member:  

Johanna Rosen, MSc 

Olga Tarassova, MSc 

Institute :  The Swedish School of Sport and Health Sciences (GIH) 
 
Contact information : Anna Bjerkefors +46 70 731 69 44  
email: anna.bjerkefors@gih.se 

 

 

 I have had sufficient time to consider the information provided and to ask for advice if necessary. 

 I have had the opportunity to ask questions and have had satisfactory responses to my questions. 

 I understand that all of the information collected will be kept confidential and that the result will 
only be used for scientific objectives. 

 I understand that my participation in this study is voluntary and that I am completely free to 
refuse to participate or to withdraw from this study at any time without any consequences. 

 I understand that I will receive a dated and signed copy of this form. 

 I have read and understood the information and consent form and I freely consent to participate 
in this study. 

 
 

Subject´s name (please print) Signature  Date  

Principal investigator´s name (please print) Signature Date 

 

 

mailto:anna.bjerkefors@gih.se
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Appendix 5 Health declaration  

Health declaration  

 
 

Date: 

Name: 

Year of birth: 

Weight:              kg                  Height:              cm    

Address: 

Telephone number: +  

Classification: A/TA/LTA                               Kayak/V1 

 
Diseases (Yes/No/Don´t know) 
- Diabetes?    Y/N/D 
- High blood pressure? Y/N/D 
- Low blood pressure or faintness attacks? Y/N/D 
- Heart disease?  Y/N/D 
- Epilepsy or have ever had a seizure? Y/N/D 
- Any illness that involves the brain? Y/N/D 
- Any other neurological disease or injury? Y/N/D 
- Asthma? Y/N/D 
- Lung disease? Y/N/D 
- Liver diseases? Y/N/D 
- Muscular disorders? Y/N/D 
- Allergy / Eczema? Y/N/D 
 
Pain / problems / Injury (Yes/No/Don´t know) 
- Back problem?  Y/N/D 
- Joint pain? Y/N/D 
- Muscle injury / muscle pain? Y/N/D 
- Headaches (frequent, prolonged or migraine)?  Y/N/D 
- Chest pain or chest discomfort during exertion? Y/N/D 
- Hyperventilating during exertion? Y/N/D 
- Arrhythmia during exercise? Y/N/D 
- Fainting or near fainting during exertion? Y/N/D 
- Dizziness during exertion? Y/N/D 
 

 

 

 

 

 

 

 

 

 

 

 

Personal information  
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How many days per week do you exercise? 
 
    

 
 
How many hours per week (in total) do you exercise per week? 
 
        

 
 
What type of exercise do you do?  
 
 
 

 
 
 
Have you avoided or stopped training the last few days due to injury or health reasons?    
    

Yes No 
□ □ 
  

If yes, please state why: 
 
 

 
 
Which level do you compete at? Internationell   Nationell  
 
 
 

 
 
Other 

         
       

Yes No 

 
- Do you feel perfectly healthy? 

 
□ □ 

 
- Are you pregnant? 

 
□ □ 

 
- Do you smoke? 

 
□ □ 

      
 
 

Physical activity  
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Is there anything you would add to this health declaration: 

 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

 

I have had sufficient time to consider the information provided and to ask for advice if necessary. 
I have had the opportunity to ask questions and have had satisfactory responses to my questions. 
I understand that all of the information collected will be kept confidential and that the result will only 

be used for scientific objectives. 
I understand that my participation in this study is voluntary and that I am completely free to refuse 

to participate or to withdraw from this study at any time without any consequences. 
I understand that I will receive a dated and signed copy of this form. 
I have read and understood the information and consent form and I freely consent to participate in 

this study. 
 

 
 
 
Stockholm      /   2014 
 

Subject´s name (please print) Signature  Date  

Principal investigator´s name (please print) Signature Date 
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Appendix 6 Marker set  

Thorax 

1. L Acromion 

2. R Acromion 

3. C7 

4. T10 

5. Insicura Jugularis 

6. Processus Xiphoideus 

 

Pelvis 

7. L ASIS 

8. R ASIS 

9. L PSIS 

10. R PSIS 

 

Left upper arm 

11-14. Cluster of markers 

15. Lateral Epicondyle 

16. Medial Epicondyle  

 

Right upper arm 

17-20. Cluster of markers 

21. Lateral Epicondyle 

22. Medial Epicondyle  

 

Left forearm 

23-24. Cluster of markers 

25. Radial styloid process  

26. Ulnar styloid process  

 

Right forearm 

27-29. Cluster of markers 

30. Radial styloid 
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31. Ulnar process 

 

Left hand 

32. 2nd MP joint 

33. 5th MP joint 

 

Right hand 

34. 2nd MP joint 

35. 5th MP joint 

 

Right thigh 

34-37. Cluster of markers 

38. Lateral knee joint 

39. Medial knee joint 

 

Left thigh 

40-42. Cluster of markers 

43. Lateral knee joint 

44. Medial knee joint 

 

Right shank 

45-48. Cluster of markers 

49. Lateral part of ankle joint  

50. Medial part of ankle joint 

 

Left shank 

51-54. Cluster of markers 

55. Lateral part of ankle joint  

56. Medial part of ankle joint 

 

Left foot 

57. Sub 

58. 1st metaphalange 
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59. 5th metaphalne 

60. Top of toe 

 

Right foot 

61. Sub 

62. 1st metaphalange 

63. 5th metaphalne 

64. Top of toe 

 

Paddle 

65. Middle of paddle 

66. Right end of paddle 

67. Left end of paddle 

68. Right side of right force transducer 

69. Left side of right force transducer 

70. Right side of left force transducer 

71. Left side of left force transducer 

 


