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Abstract 

Canoe sprint is a specific type of sport (under natural conditions, it 

takes place on water); therefore, a large part of research is carried out 

under laboratory conditions, when the load is performed on various special 

exercise machines (ergometers) that try to simulate natural conditions as 

closely as possible. Thus, one of the fields of research in canoe sprint is the 

mutual correlation of various indicators – kinematic, physiological and 

biomechanical – under natural conditions of the sport and under laboratory 

conditions. Although research have been carried out in the relevant 

direction, they did not consider specific direct differences in the power of a 

stroke and stroke parameters when paddling on an ergometer compared to 

paddling on water. A precise comparison of these differences would provide 

an opportunity to describe the differences in the characteristics of a full 

stroke and brace (water phase) when paddling on water and on an 

ergometer in canoe sprint, simulating a 200m competition distance. The 

research subject was a European and World championships medallist, – 25 

years of age, height – 191.4cm, weight – 99.1kg. In order to obtain stroke 

parameters during a 200 m competition distance under natural conditions 

on water and under laboratory conditions while paddling on an ergometer, 

two experiments were carried out – a field experiment and a laboratory 

experiment (the two experiments included pulsometry, blood biochemical 

analysis and dynamometry). There were large percentage differences found 

among the time parameters of a stroke: when paddling on water, the 

duration of the unsupported phase was 44.8% shorter (0.08s), and when 

paddling on an ergometer, the duration of the brace phase was 29.8%
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longer (0.1s). The total duration of a stroke on water was on average 5% 

longer (0.02s). This indicates the different nature of the load, as the time in 

which muscles must be able to perform the maximum transfer of force and 

power per unit of time is 1/10 longer on water; this, in turn, suggests that 

coaches need to take these differences into account when preparing 

athletes; - in athletic training, the parameters of a stroke performed on 

water should be taken as the basis for the duration of muscle work. 
 

Key words: Canoe sprint, kayak ergometer, on water measurements, stroke 

parameters, stroke phases, power. 
 

Introduction  

Modern canoe sprint is characterized by high intensity, a tight 

competition schedule (from April to August) and specialization in a specific 

discipline. By specialization we understand the adaptation of athlete training 

to a specific distance and boat class. If before the Beijing Olympic Games in 

2008 an athlete often competed in several disciplines and boat classes, then 

with the next Olympic cycle this trend has changed, and athletes specialize 

in a specific distance and a specific boat class. This is due to the changes in 

the competition programme, which make it difficult to compete in several 

disciplines. Such specialization forces the sport to develop, – to perform 

scientific measurements in order to use them in methodical preparation. 

Since canoe sprint is a specific type of sport (under natural conditions, it 

takes place on water), a large part of measurements and research takes place 

under laboratory conditions, when the load is performed on various special 

exercise machines (ergometers) that try to simulate natural conditions as 

closely as possible (Van Someren & Olivier, 2002; Begon & Colloud, 2007; 

Borges et al., 2017). Thus, one of the fields of research in canoe sprint is the 

mutual correlation of various indicators – kinematic, physiological and 

biomechanical – under natural conditions of the sport and under laboratory 

conditions.  

Due to the latest technological advances in biomechanical 

measurements in canoe sprint (Sturm et al., 2010; Sturm, 2012; Gomes et 

al., 2011; Gomes et al., 2015; Hogan, 2019; Bonaiuto et al., 2020; 

Winchcombe, 2020; Kong et al., 2020), it is possible to analyse them under 

natural conditions. Currently, obtaining biomechanical measurements has 

become possible due to commercially available devices that provide the 

opportunity to perform such measurements. Research show significant 

differences in kinematic indicators, – the technical performance, muscle 

activity, stroke frequency (Klitgaard et al., 2020; Fleming et al., 2012 a,b). 

Differences in physiological indicators are also noted, - in the maximum 

oxygen consumption (Matzka et al., 2021). Furthermore, research have been
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conducted on the calculation of load intensity, using various biomechanical 

and physiological indicators, such as heart rate (Van Someren & Olivier, 

2002; Bishop 2004; Borges et al., 2014). In general, the aim of the research 

is to adjust the load intensity in training work on water. In studies where 

measurements were made on water, it was found that power indicators are 

most effectively used in load planning (Hogan, 2019; Winchcombe, 2020). 

Summarizing the analysed sources of literature, it was concluded 

that the types of biomechanical measurements in canoe sprint are divided 

into three basic categories: competition analysis, kinematic analysis and 

force measurements on water. The third type is the one of interest in our 

research; according to the author Lok, 2013, it is the most important when 

paddling on water, - and also the most difficult, as it must be taken into 

account that the devices that perform these measurements must meet 

specific requirements. The authors Aitken and Neal (1992), and Stothart et 

al. (1986) have already developed separate guidelines to consider: water 

endurance, lightness, mobility, a robust provider of signal energy and data 

recording capacity, adaptability to the paddle of the subject, real-time 

reflection of an action from more than one subject (team boats). 

In general, these guidelines have been taken into account and 

researchers in canoe sprint have progressed greatly with the development of 

such devices. Researchers Baker (1998), and Sperlich and Baker (2002) 

have already published force indicators of a stroke, – measured in newtons 

(N). Furthermore, a system of measuring devices was developed – 

“Fpaddle”, which has been used in various research (Gomes et al., 2011; 

Gomes et al., 2015). In 2010, authors Sturm, Yousaf and Eriksson published 

a study on a device, – “Kayak XL System”, – that measures not only the 

force applied to the paddle, but also leg force – the force that the athlete 

exerts against the leg support of the boat through the feet during a canoe 

sprint stroke movement (Sturm et al., 2010). Recently, another device has 

appeared, with the help of which it is possible to perform these 

measurements – “E-Kayak system”. Authors Bonaiuto et al. (2020) have 

reviewed the possibilities of this device in their study. It is a multi-channel 

digital reception system tailored specifically for canoe sprint. Unfortunately, 

there is no information about the above-mentioned devices regarding their 

commercial availability; the opposite is the case with the device – “Kayak 

Power meter”, – manufactured by the New Zealand company “One Giant 

Leap”, which is a commercially available product that allows to measure the 

force and power indicators of a stroke on water; the device has been 

validated (Macdermid & Fink, 2017) and several studies have already been 

conducted with it in canoe sprint (Hogan, 2019; Winchcombe, 2020; Kong 

et al., 2020).
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The most important stroke parameters that can be obtained by using 

these devices are: 

- stroke frequency or pace (the number of strokes performed per minute); 

- brace length (the distance from the water contact of a paddle blade until 

its removal from water); 

- brace duration (the time from the water contact of a paddle blade until 

its removal from water); 

- stroke length (the distance travelled from the start of a brace with one 

hand to the start of the next brace with the other hand); 

- stroke duration (the time from the beginning of a brace with one hand to 

the start of the next brace with the other hand); 

- air phase time (the part of the stroke time in which the paddle blade is 

out of the water); 

- brace length (the distance travelled by the boat only during the brace 

phase); 

- stroke force variables (the maximum achieved force, average force, 

force ratio, rate/frequency of force increase, impulse and impulse 

frequency); 

- stroke power variables (the maximum power achieved/peak power in a 

stroke, average power, power ratio and work performed). 

Although studies have been conducted in the discussed direction, 

they did not cover specific direct differences in stroke power and stroke 

parameter indicators when paddling on an ergometer compared to paddling 

on water. A precise comparison of these differences would provide an 

opportunity to describe the differences in the characteristics of a full stroke 

and brace (water phase) when paddling on water and on an ergometer in 

canoe sprint, simulating a 200m competition distance. 
 

Material and Methods 

The research subject was a European and World championships 

medallist, – 25 years of age, height – 191.4cm, weight – 99.1kg. The 

permission of the Ethics Commission of the Latvian Academy of Sport 

Education was received for this study.  

In order to obtain the stroke parameters of a high-performance 

kayaker during a 200m competition distance under natural conditions on 

water and under laboratory conditions on a kayak ergometer, two 

experiments had to be performed, – a field experiment and a laboratory 

experiment. 

The field experiment was conducted in a competition distance, – in 

Limbaži, at the paddling base of SIA “Olimpiskais Centrs Limbaži”, ten 

days after the final race of the World championship. Within its framework,
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the athlete performed a 200m distance at maximum effort in a competition 

distance, and the following methods were used to obtain data: pulsometry 

(to obtain HR recovery indicators); blood biochemical analysis (to obtain 

lactate recovery indicators); dynamometry (to obtain indicators of power 

and force applied to the paddle), using a specialized device – a kayak power 

meter (One Giant Leap, Nelson, New Zealand).  

Pulsometry was provided by a Garmin pulsometer (model: 

Forerunner 935) combined with a heart rate belt (model: HRM-Tri™ 

monitor). The pulsometer was placed on the boat, wrapped around a special 

watch holder and placed in clear sight of the athlete so that he could see the 

information displayed on it.  

For an informative comparison of the physiological orientation of 

load between the two experiments, blood biochemical analysis was 

performed, and lactate value was measured before the load, in the 4th 

minute immediately after the load and in the 25th minute of recovery. 

Lactate measurement was performed with a portable test strip analyser 

Accutrend® Plus. Based on the scientific literature on portable lactate 

devices in sport, it is one of the most commercially available (Baldari et al., 

2009, and Tanner, Fuller & Ross, 2010). 

A special device – a kayak power meter (One Giant Leap, Nelson, 

New Zealand) – was used to measure the force and power of the stroke. The 

validity of the device ranges from 0.12% to 1.4% (Macdermid and Fink, 

2017). In order to prepare the device for work, an online application must be 

used with a Bluetooth connection, the operation of which is ensured through 

adaptive network technology – ANT+™.  

Data are recorded using a Windows desktop application or a paired 

compatible ANT+™ device running in bicycle mode (as power display is 

required). The device was used in high-speed data mode – HSD. The 

competition distance covered was recorded by a power meter at a frequency 

of 50hertz (Hz); each value of power (W) and applied (upper and lower 

arm) force (N) was recorded every 0.01s. The device stored the fire in its 

internal memory, and it was then possible to analyse the data by using an 

internet connection and accessing the manufacturer’s data reflection 

application. Furthermore, the data were downloaded in a Microsfot Excel 

application format. A total of 27834 cells were filled with data as the device 

was operated in high-speed data recording mode for approximately five 

minutes and recorded all force and power values applied by the subject to 

the strokes every 0.005s. Furthermore, data filtering was performed, and 

only the data reflecting the power and force values during a competitive 

distance (200m) on water were extracted (3814cells). Next, data comparison 

was made in the MS Excel application and the online application, as it was
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important to mark the beginning and the end of the strokes, as well as to 

separate brace phases to further record and analyse the average values of 

these indicators. Also, a recording and summarization of the stroke and 

brace duration was performed. These actions were performed for each of the 

87 strokes performed by the athlete in the 200m distance on water. The 

power meter recorded six different values in high-speed data mode every 

0.01 s: upper arm force applied to the paddle shaft (left stroke), lower arm 

force applied to the paddle shaft (left stroke), upper arm force applied to the 

paddle shaft (right stroke), lower arm force applied to the paddle shaft (right 

stroke), power (left stroke), power (right stroke). Thus, during the 

performance of each stroke (right or left), there were changes in the 

indicators of the relevant active side, for instance, when the athlete 

performed a left stroke, there were changes (an increase) in the values of 

upper and lower arm force of the left stroke and the power values of the left 

stroke.  

One of the next parameters that was calculated was the duration (s) 

of the unsupported phase of a stroke, which was calculated by expressing 

the unknown value of (1) equation: the duration of a brace was subtracted 

from the duration of a stroke.  

The laboratory experiment took place exactly 2 weeks after the 

field experiment, in the sports laboratory of the Latvian Olympic Unit, with 

the subject completing a 200m distance on a kayak ergometer at maximum 

effort. The following experimental methods were used during the laboratory 

experiment: ergometry; pulsometry; blood biochemical analysis (lactate 

measurement during the load). The load was performed on a kayak and 

canoe ergometer „Dansprint”, Dansprint ApS, Hvidovre, Denmark. It is one 

of the kayak ergometers that is also used in official races and also one of the 

most commercially available kayak ergometers (Borges et al., 2017). When 

paddling on a kayak ergometer, using the „Dansprint” application 

“Dansprint Analyser – USB – ver.1.61”, initially 13 indicators were 

recorded: number of consecutive strokes; total distance (m); speed (km/h); 

length of the stroke (m); power of the stroke (W); work (J); pace 

(strokes/min); water time (%); stroke time (s); length of the stroke in water 

(m); unsupported phase (s); total work done (J); the time spent in the 

distance (s). 

A more in-depth analysis of the stroke parameters on an ergometer 

required the calculation of additional indicators. Within the framework of 

the study, the stroke time in water (water connection) or brace time (s) was 

calculated: 
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In each of these phases, specific technical actions of the athlete are 

manifested, and the division of such phases is also expressed by researchers 

in canoe sprint (Plagenhoef, 1979; Krauksts, 1997; Szanto 2010; McDonnell 

et al., 2012). 

As part of the study, the brace force was also calculated according to 

this equation (N): 

0 
(2) 

In the equation, P is the power of the stroke (W), t is stroke time (m) 

and d is the stroke length (m).  

In addition, the relative power was also calculated, and it was 

expressed by the following equation: 

 

(3) 

The average correlations and changes in stroke parameters when 

paddling on a kayak ergometer were summarized and presented in a table 

(see Table 1).  

Table 1 

Comparison of Various Indicators Between an Ergometer and Paddling on Water 
 

Indicator 
Ergometer Water 

Percentage 

difference (%) 
p value 

Number of strokes 89.33 87.00 -2.6 p > 0.05 

Speed (km/h) 19.42 18.95 -2.4 p > 0.05 

Stroke length (m) 2.24 2.30 2.6 p > 0.05 

Brace power (W) 941.4 1071.1 12.1 p < 0.05 

Stroke power (W) 539.9 862.6 37.4 p < 0.05 

Stroke force (N) 100.5 395.8 74.6 p < 0.05 

Brace force (N) 174.6 456.2 61.7 p < 0.05 

Work (J) 224.0 366.3 38.9 p < 0.05 

Pace (stroke/min) 144.7 137.0 -5.3 p < 0.05 

Water time (%) 57.5 78.0 26.3 p < 0.05 

Stroke time (sec) 0.42 0.44 5.0 p < 0.05 

Brace time (s) 0.24 0.34 29.8 p < 0.05 

Unsupported phase (s) 0.18 0.10 -44.8 p < 0.05 

Total work (J) 20083.00 31868.1 37.0 p < 0.05 

Total time (s) 37.57 38.1 1.4 p > 0.05 

 

Results 

A total of 15 different indicators were compared, 11 of which are 

related to the nature of the stroke in canoe sprint.
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There was a -2.6% difference between the number of strokes 

performed on the ergometer and on water; the difference is not significant 

(p>0.05). 

There was a -2.6% difference between the average speed presented 

in the distance on the ergometer and on water, the difference is not 

significant (p>0.05). 

There was a 2.4% difference between the average stroke length on 

the ergometer and on water, the difference is not significant (p>0.05). 

There was a 12.1% difference between the average power of the 

brace on the ergometer and on water (see Figure 1), which is considered 

significant (p<0.05). The correlation on the ergometer is not reliable r|<r 

0.05;n. The correlation on water is reliable |r|≥r 0.05;n and considered weak 

0.2<|r|< 0.49. 
 

 
 

Figure 1. Brace Power (on Ergometer and on Water) 
 

There was a 37.4% difference between the average power of the 

stroke on the ergometer and on water (see Figure 2), which is considered 

significant (p<0.05). The correlation both on the ergometer and on water is 

reliable |r| ≥ r 0.05;n and in both cases it is considered weak 0.2<|r|<0.49.  
 

 
 

Figure 2. Stroke Power (on Ergometer and on Water)
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There was a 74.6% difference between the average force of the 

stroke on the ergometer and on water (see Figure 3), which is considered 

significant (p<0.05). The correlation both on the ergometer and on water is 

reliable |r|≥r 0.05;n. In the case of the ergometer, it is on average 

0.5<|r|<0.69.  On water, the correlation is rated as close 0.7<|r|< 0.99. 
 

 
 

Figure 3. Stroke Force (on Ergometer and on Water) 
 

There was a 61.7% difference between the average brace force on 

the ergometer and on water (see Figure 4), which is considered significant 

(p<0.05). The correlation on the ergometer is not reliable r|<r 0.05;n. The 

correlation on water is reliable |r|≥r 0.05;n and considered close 

0.7<|r|<0.99. 

 
 

Figure 4. Brace Force (on Ergometer and on Water) 
 

There was a 38.9% difference between the average stroke/brace 

work on the ergometer and on water, which is considered significant 

(p<0.05). 

There was a -5.3% difference between the average shown pace when 

paddling on the ergometer and on water, which is considered significant 

(p<0.05).
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There was a 26.3% difference between the average (%) water contact 

when paddling on the ergometer and on water, which is considered 

significant (p<0.05). 

There was a 5% difference between the average stroke time when 

paddling on the ergometer and on water (see Figure 5), which is considered 

significant (p<0.05). The changes in the stroke duration values are 

considered significant p<0.05, but the correlation in both cases is not 

reliable |r|<r 0.05;n. 
 

 
 

Figure 5. Stroke Duration (on Ergometer and on Water) 
 

There was a 29.8% difference between the average brace time when 

paddling on the ergometer and on water (see Figure 6), which is considered 

significant (p<0.05), and the changes in the brace duration values are 

considered significant p<0.05, but the correlation in both cases is not 

reliable |r|<r 0.05;n. 
 

 
Figure 6. Brace Duration (on Ergometer and on Water) 

 

There was a -44.8% difference between the average time of the 

unsupported phase when paddling on the ergometer and on water (see 

Figure 7), which is considered significant (p<0.05). The correlation both on 

the ergometer and on water is reliable |r|≥r 0.05;n and in both cases it is 

considered weak 0.2<|r|<0.49. 
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Figure 7. Unsupported Phase Duration of a Stroke (on Ergometer and on Water) 
 

There was a 37.0% difference between the total work done on the 

ergometer and on water, which is considered significant (p<0.05). 

There was a 1.4% difference between the total distance time on the 

ergometer and on water, which is not considered significant (p>0.05). 

In general, the indicators differed, as well as the degrees of their 

difference appeared to vary. In order to be able to assess the significance of 

these differences, the percentage difference for each indicator was 

calculated between their values on the ergometer and on water. In 4 out of 

15 cases, the difference was less than 5%. In 11 cases, this difference was 

>5% (from 5 to 74.6%). The smallest percentage differences were found 

between the number of strokes, the average speed shown over the distance, 

the stroke length and the total time spent on the distance. The largest 

percentage differences were found between the force values applied in the 

stroke and its brace phrase (61.7% and 74.6% respectively). There were also 

large percentage differences between stroke time parameters: when paddling 

on water, the duration of the unsupported phase was 44.8% shorter (0.08 s), 

while when paddling on the ergometer, the brace phase time was 29.8% 

longer (0.1s). The total stroke duration on water was on average 5% longer 

(0.02s).  
 

Discussion 

The aim of the research was to compare stroke parameters during a 

200 m competition distance simulation on an ergometer and on water. The 

obtained results indicate differences in such indicators as stroke power, 

brace power, stroke force and brace force. Basically, the differences in these 

indicators can be explained by the fact that different devices were used, each 

of which measures these indicators differently. A group of researchers from 

Australia also faced the same issue (Winchcombe et al., 2019), so they state 

that in the future it is necessary to study the possibility of determining 

power indicators in the same way both on an ergometer and on water. 
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Previously Sturm (2010) has had similar achievements with a team as they 

compared the developed “Kayak XL System” device and whether the power 

displayed by the device correlates with the power of the ergometer (in this 

case, the “Dansprint” ergometer was used). It was found that the maximum 

force values applied to the paddle correlate well (93.6%) with the force  

device continued, various trials took place, during which the desired 

nuances were improved and the second version of the device was developed 

(Sturm, 2012). However, there is currently no information on the 

commercial availability of this device and other studies involving it. 

Therefore, it is currently still relevant to find out the average differences in 

stroke parameters, performing as equal load as possible on an ergometer and 

on water; thus, the author’s study also looked at physiological indicators – 

heart rate and biochemical lactate analysis.  

In the study, the average differences of the HR value per second 

during a 200m competition distance simulation showed a difference of 

3.49% between paddling on water and paddling on the ergometer (it was 

higher when paddling on water). Looking at the lactate values – before and 

after the load they were 1.0 and 1.5mmol/l respectively, and in the 4th 

minute after the load (the maximum La value) 19.5 and 13mmol/l on the 

ergometer and on water. Taking into account the presented maximum HR 

and La values, it can be concluded that the subject performed a maximum 

load. We conclude that the following differences in the stroke force and 

power indicators can be observed when performing a maximum load 

between an ergometer and water, in favour of water, – the brace power is 

9.9% higher; the stroke power is 35.4% higher; the brace force is 60.4% 

higher; the stroke force is 73.8% larger. 

Author Van Someren et al. (2000) states that an ergometer is capable 

of physiologically stimulating the functioning of the body’s systems in 

short-term intensive work in a similar way as on water, and our study also 

confirms this. However, while analysing the HR and La recovery speed of 

the research subject, it was concluded that it was faster after the work on 

water. Here the reasons can be various – one of them is that the ergometer 

test was performed later than the water test. The load on water was 

performed on the 10th day after the World championship, and then it was 

done on the ergometer two weeks after the water performance (24 days after 

the World championship). Therefore, according to the authors Иссурин & 

Люстиг (2004), there is a possible effect of maintaining the training effect. 

In this case, it can be observed that the body’s buffer system is no longer 

able to utilize lactate as quickly after the load on the ergometer. Also, the 

recovery rates of La and HR could be affected by the fact that the load on 

the ergometer differs kinematically – different technical performance and 
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activation of different muscles can be observed (Klitgaard et al., 2020; 

Fleming, 2012a,b; Bishop, 2004; Borges et al., 2014). 

The performed study provides an insight into the nature of a stroke, 

as looking at the measurements obtained from both experiments, we find 

that initially the power values of a brace are higher when paddling on the 

ergometer than when paddling on water. This is due to the fact that the boat 

has to be moved from place along with its mass in the first strokes on water. 

In contrast, this initial part of the distance is not provided for on the 

ergometer. When reaching a high movement speed on water, the power 

values of a brace increase rapidly and are held at a high level until the 40th 

stroke when the brace power starts to decrease. On the ergometer, the trend 

is different; initially, optimal values of brace power are reached, then a 

slight drop is observed from the 28th to the 40th stroke, followed by 

stabilization where the values slightly increase and are maintained almost 

until the end. 

The above-mentioned characterization of stroke differences is 

confirmed by the obtained numerical parameters of stroke phases, which 

show that the average stroke time on water was 0.44s against 0.42s on the 

ergometer; by dividing the stroke phases according to McDonnell et al., 

2012, the brace time or water contact phase (0.34s on water against 0.24s on 

the ergometer) and the unsupported stroke phase time (0.10s on water 

against 0.18s on the ergometer) was obtained; therefore, the differences in 

the kinematic indicators between performing a similar load on the ergometer 

and on water are related to the fact that the duration of the active stroke 

phase on the ergometer is significantly shorter. 
 

Conclusions 

Stroke force and power parameters indicate that under natural 

conditions force and power values demonstrated by athlete are significantly 

(p < 0.05) higher, – a difference of 12.1% between the average brace power, 

a difference of 37.4% between average stroke power, a difference of 61.7% 

between average stroke force and a difference of 74.6% between the average 

brace force in favour of natural conditions were reported 

Stroke time parameters, including the water time part (%), indicate 

that under natural conditions the time against the stroke is 29.8% higher 

when the paddle blade has been in the active phase, in which force is 

applied. This indicates the different nature of the load, since the time in 

which the muscles must be able to perform the maximum force and power 

transition into a unit of time is 1/10 of a second longer on water; in turn, this 

suggests that coaches need to take these differences into account when 

preparing athletes; – in athletic training, the parameters of the stroke
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performed on water should be taken as the basis for muscle work duration. 

Furthermore, the overuse of a kayak ergometer may hinder the force 

conversion phase. 
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