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Abstract 

 

Canoe slalom is an Olympic sport held in natural and artificial rivers, 

with peculiar characteristics as compared to other sports. This sport is 

divided into the subdisciplines of kayak single (K1), canoe single (C1) and 

canoe double (C2), which also have specific characteristics. As with many 

other Olympic sports still on the rise, which lack expressive media 

recognition, few scientific studies have investigated canoe slalom. This 

information gap minimises possible similarities between theory and 

practice and advances in the preparation of teams (i.e., coaches, physical 

trainers and athletes). It is well established that for athletic development, 

several areas of knowledge must be integrated and applied to the specific 

nature of the sport, optimising sports training and athletic performance. 

Accordingly, this review aims to bring together studies on the 

physiological, psychological and biomechanical parameters, sports 

strategies and periodisation training applied to canoe slalom, explaining 

the need for increased knowledge in each of these areas of the practice of 

this sport.  

 

Keywords- Canoe slalom, Training, Physiology, Psychology, Morphology, 

Biomechanics   

  

 

1. Introduction  

 

Sports on the rise increasingly use scientific information to improve the performance of 

their athlete and, in most cases, to develop and receive recognition. However, this 

assessment does not transpire in the same way for less recognized sports, being 

characterised by a shortage of scientific studies. 

 

Canoeing is featured among the Olympic sports that gradually elevate their media 

exposure but lack scientific studies. Canoeing consists of a range of different 

specificities and is has distinctive characteristics from other water sports that use boats. 

"Canoe" has several disciplines: i) Canoe Sprint, held in rivers or lakes with calm 

waters and limited boundaries; ii) Canoe Slalom, performed in white waters and rivers, 

over distances of approximately 300 meters, in which athletes must negotiate gates both 
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downstream (with the current) and upstream (against the current); iii) Canoe Ocean 

Racing, held in marine waters aiming at going a predetermined distance in the shortest 

possible time; iv) Canoe Marathon, held in calm and turbulent waters without a course 

previously determined, in which athletes must overcome obstacles but not necessarily 

within the boat (disembarking from the boat and carrying it with their own hands is an 

alternative); v) Canoe Polo, which resembles water polo but is performed with kayaks 

and paddles; and vi) Canoe Freestyle, which uses waves and eddies in which athletes 

must perform technical moves without leaving the wave, thus accumulating points 

(Michael et al., 2009; ICFa, 2013). 

 

Considering the various Canoe branches, the acquisition of scientific information about 

the peculiarities of each discipline in this sport becomes even more difficult. Studies 

that investigate Canoe Sprint, although restricted, are still more frequent in the 

literature, possibly because it is a cyclic sport with races defined by fixed distances, 

which is closer to the severity needed when adopting scientific methods. When the 

searching for studies on Canoe slalom, specifically regarding approaches related to 

means and training methods of physiological evaluation, scientific deficiencies are even 

more pronounced.  

 

Because it is held in rivers, with races characterised by displacement exercises both for 

and against the current, canoe slalom has several peculiarities and suffers interference 

from the environment where it is practiced and thus is not considered a "closed" sport 

(i.e., held in conditions of high control). In this sense, studies of slalom that are guided 

by scientific methods with traditional characteristics are hampered. This is one of the 

major reasons for the low number of scientific studies on canoe slalom. Therefore, there 

are very few reports in the literature about the metabolism and bioenergetics 

predominant in slalom (Zamparo et al., 2006), variability of races (Nibali et al., 2011), 

race strategies (Hunter et al., 2008; Hunter, 2009), biomechanical analyses (Hunter et 

al., 2007), psychological analyses (Males et al., 1998; Moran and MacIntyre, 1998; 

White and Hardy, 1998; Macintyre et al., 2002; Macintyre and Moran, 2007) and 

physiological analyses (Sidney and Shephard, 1973; Baker, 1982).  

 

The purpose of this review is to encourage dialogue between those involved in practical 

and theoretical canoeing, with emphasis on studies of slalom, helping the 

rapprochement between science and coaches/technical committees of these sports, 

presenting the different scientific aspects of canoeing. Accordingly, the present review 

addresses different aspects of the sport and is divided into a brief historical section 

containing the profile characterisation studies involving canoe slalom, followed by 

examination of physiological, psychological, biomechanical, performance, race strategy 

and training aspects.  

 

Scientific studies were searched for using the search engines EBSCO Host and NCBI 

PubMed and various combinations of words such as "training", "tests", "physiological", 

"biomechanics", “canoe”, “slalom”, “white water”, "canoeing" and "kayaking". For the 

studies that emphasised the “white water” term, only the articles that clearly described 

the slalom discipline were included. Studies that did not relate psychological, 

biomechanical, performance, race strategies and training with canoe slalom were not 

included in this review. Only studies written in English as the primary language were 
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used in this paper. Factors such as sample characteristics (level of training), the number 

of samples evaluated and the reproducibility of the assessments proposed in the 

mentioned studies were not considered limiting and did not determine their inclusion in 

this review.  

 

  

2. Canoe Slalom 

 

The first canoe slalom competition was held on September 11th, 1932, in Switzerland. 

Canoe slalom arose from an adaptation of "slalom skiing" held on snow, which could 

only be performed in winter. The adequacy of performance strategies adopted in other 

seasons resulted in the use of kayaks in rivers and white waters (ICFb, 2013). The first 

canoe slalom world championship occurred in 1949, in Geneva. It was later included in 

the Olympic Games in Munich in 1972 (Sidney and Shephard, 1973; Ridge et al., 

2007). In 1992, the slalom event returned to the Olympic Games in Barcelona and was 

held in La Seu d'Urgell, near the border with Andorra (ICFc, 2013). Since that point, 

slalom has become established as an Olympic sport. 

 

In the slalom sport, several branches can be found with even greater specifications. The 

discipline K1 (kayak single) is carried out in boats whose minimum dimensions are 8 

kg, 60 cm wide and 350 cm long, where the athlete, in a seated position, paddles with 

the aid of a double-bladed paddle. Similar to K1, the C1 (canoe single) discipline is held 

in boats that must have minimum proportions of 8 kg, 60 cm wide and 350 cm long; 

however, the canoeist uses a single-bladed paddle. The performances that adopt the 

canoe as a boat can also be performed by pairs, in a discipline called C2 in (canoe 

double), with two canoeists in the same boat (13 kg, 75 cm wide and 410 cm long), and 

the paddles used similar to those of C1 athletes (ICFd, 2013).  

 

Despite different boats or stroke tools, the slalom competitions take place in similar 

environments, running on natural and artificial rivers. During competitions, 

performances are characterised by two runs, and the winner is defined by the time 

he/she completes the entire course, negotiating "gates" that can be found both with and 

against the current. To touch or fail to negotiate a gate invokes a penalty, resulting in an 

increase of 2 or 50 s, respectively, added to the final time of the run (Nibali et al., 

2011). 

 

It is important to note that the official courses have closer to 90 seconds duration 

(Hunter, 2009), with random courses composing a range between 200 and 400 meters 

(ICFd, 2013). The latter are defined at the beginning of the competition without 

allowing athletes to test the course prior to the competition (Moran and MacIntyre, 

1998). Although athletes could watch a 32 demonstration run at the course after 1997 

(performed by several good paddlers), according to the International Canoe Federation, 

they cannot perform training in the course prior to their participation (Macintyre and 

Moran, 2007). In that sense, Nibali et al. (2011) stress that variability in performance 

for swimmers, runners, cyclists and flat water kayakers appears to be related to the 

maintenance of high-intensity exercise by the athletes. However, for canoe slalom, the 

athletes not only have to sustain high-intensity efforts but also have to negotiate gates 
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and natural obstacles, brining in the variability of the performance attributed to intensity 

and technical ability. 

 

 

3. Profile of studies on canoe slalom   

 

Table 1 shows studies focused on physiological, psychological, biomechanical, 

performance, race strategy and training aspects of canoe slalom, published from 1973 to 

2013. It is possible, by literature review, to observe a clear lack of scientific information 

involving slalom, as only twenty-one studies were found that directly considered the 

aspects of this sport that this review emphasises. Underscoring the need for knowledge 

in this area, only one study was found on physiological parameters and specific 

assessments capable of assisting in the development of training programs, as well as 

evaluative responses, after periodic slalom training. This can be considered a 

detrimental factor to the sport, given the recent placement of Banfi et al. (2012), noting 

the need for information about the volume and intensity of training essential for the 

growth and improvement of athletes’ performance in any sport. 

 

Table 1. Studies regarding physiological, psychological, biomechanical, performance, 

race strategy and training aspects of canoe slalom published in periodical journals from 

1973 to 2013.   

Author(s) 
Year of 

publication 
Periodical 

Canoeists 

(n) 
Objective of the study 

Sidney and Shepard 1973 

European Journal 

of Applied 

Physiology 

12 

To describe the structural and 

functional factors related to the 

features of success in canoe slalom 

competition 

Baker 1982 
British Journal of 

Sports Medicine 
19 

To analyse the blood lactate 

concentration after competition in a 

canoe slalom race 

 

Vaccaro and Gray 1984 

Research 

Quarterly for 

Exercise and Sport 

13 
To analyse the physiological 

characteristics in elite canoe slalom 

Sklad et al 1994 Biology of Sport 10 

To determine the morphological 

differences in elite rowers and canoe 

slalomists 

Vest 1997 

Kinesiologia 

Slovenica 

Scientific Journal 

on Sport 

20 
To characterise the influencing factors 

on competitive results in canoe slalom 

White and Hardy 1998 
The Sport 

Psychologist 
3 

To explore qualitatively how high-

level canoe slalomists use images in 

competitions and training 

Moran and 

Macintyre 
1998 

The Irish Journal 

of Psychology 
12 

To investigate the images of 

kinaesthetic processes in canoe 

slalomists 
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Males et al 1998 
Journal of Applied 

Sport Psychology 
9 

To analyse qualitatively the 

metamotivational states during canoe 

slalom competition 

Macintyre et al 2002 
Perceptual and 

Motor Skills 
31 

To explore the controllability of 

imagination of elite athletes and the 

intermediate canoe slalom 

Usaj 2002 

Kinesiologia 

Slovenica 

Scientific Journal 

on Sport 

7 

To analyse the effects of different 

methods within distinct periodisation 

in canoe slalom 

Beatie et al 2004 

Journal of Sport 

and Exercise 

Psychology 

81 

To explore self-discrepancies in self-

confidence in relation to performance 

and cognitive anxiety in canoe 

slalomists 

Ong et al 2005 
Sports 

Biomechanics 
42 

 

To characterise and differentiate the 

boat (kayak) of canoe slalomists 

 

Zamparo et al 2006 

International 

Journal of Sports 

Medicine 

8 
To investigate the metabolism 

prevalent in canoe slalom 

Hunter et al 2007 
Sports 

Biomechanics 
4 

To analyse canoe slalom races using 

kinematics and determine the 

reliability intra- and interobserver 

 

Ridge et al 2007 
European Journal 

of Sport Science 
43 

To characterise the specific 

morphological aspects of canoe 

slalomists 

Macintyre and 

Moran 
2007 

Journal of Imagery 

Research in Sport 

and Physical 

Activity 

12 
To explore imagery experiences 

among elite canoe slalomists 

Hunter et al 2008 
Sports 

Biomechanics 
30* 

 

To kinematically analyse and assess 

the strategies used during a canoe 

slalom race 

 

Hunter 2009 
Sports 

Biomechanics 
17 

To study different courses chosen in 

simulated canoe slalom races by 

kinematic analysis 

 

Nibali et al 2011 
European Journal 

of Sport Science 
151 

To characterise the variability effects 

between canoe slalom races 

 

Bílý et al 2011 
Journal of Outdoor 

Activities 
110 

To find selected somatic factors of 

canoe slalomists and compare with 

previous measurements 
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Bílý et al 2012 
European Journal 

of Sport Science 
84 

To analyse the effect of paddle blade 

adherence as well as the prevalence of 

the use of the stroke arm on the 

morphological aspects of canoe 

slalomists 

* (n) characterised by number of runs in official races. 

 

 

Notwithstanding the clear need, it is possible to identify a small quantitative growth in 

the number of scientific publications involving physiological, psychological, 

biomechanical, performance, race strategies and training and canoe slalom in recent 

years (Figure 1). According to the graphic representation, there was a 62.5% increase in 

the number of scientific publications indexed in 2001-2010 compared to the previous 

three decades.  

 

 
Figure 1. Distribution of publications regarding physiological, psychological, 

biomechanical, performance, race strategy and training aspects related to canoe 

slalom in the past five decades (period analysed: 1971 to 2013) 
§
 Reviewed until July 2013. 

 

 

Regarding the percentage distribution among these studies of subjects related to slalom 

publications, it is possible to observe a predominance of physiological, anthropometric. 

biomechanical evaluations and race strategies (Figure 2). It is important to emphasise 

the lack of studies directly related to training, such as the means and methods of training 

and periodisation applied to the sport, as well as obtaining physiological data through 

evaluations of specific characteristics of the sport. Despite this lack in the literature, in 

the subsequent topics of this review, it will be possible to identify some aspects listed in 

an attempt to bring together the data from their studies into canoe practice, with 

emphasis on performance optimisation of canoeists.  
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Physiological 

aspects
19%

Biomechanical 

aspects
9%

Anthropometric 

aspects
19%Race strategy

14%

Variability in 

official races
5%

Training

5%

Psychological 

aspects
29%

 
 

Figure 2. Percentage distribution of scientific articles indexed when considering the 

main topics investigated in the publications. The results are shown as a percentage of 

the 21 publications found on canoe slalom. 

 

 

4. Physiological variables and energetic predominance in canoe slalom 
  

Information on the predominance of energy systems, lactate concentration and maximal 

oxygen uptake in canoe sprint are commonly found in the literature (Zamparo et al., 

1999; van Someren et al., 2000; Bishop et al., 2002; van Someren and Oliver, 2002; 

Zamparo et al., 2006; Michael, 2008), which is in contrast with canoe slalom. This 

difference is possibly related to differences in the characteristics of the races. 

 

The pioneering study involving physiological analyses in canoe slalom was published 

by Sidney and Shephard. (1973) one year after its insertion as a demonstration sport in 

the Munich Games. The authors reported the physiological and functional data from 

approximately 10 male and 2 female aspirants to the Canadian national white water 

slalom team. However, the subjects in this pioneering study regarding physiological 

characteristics in canoe slalomists were evaluated outside of their place of competition 

and training. Thereafter, Baker. (1982) investigated the blood lactate concentrations in 

different slalom categories (K1, C1 and C2). The author found that, after the execution 

of the official race, male K1 athletes had a greater elevation of this metabolite 

(16.18±1.20 mM) compared to female K1 athletes (12.20±1.77 mM). Analyses revealed 

that male C1 and C2 competitors had blood lactate concentrations of 13.10±1.75 mM 

and 10.83±1.68 mM, respectively. Baker suggested that the participation of lactic 

anaerobic metabolism was important in races of different canoe slalom categories, 

despite the differences between slalom categories and athlete’s gender, due to the 

elevated blood lactate concentrations obtained in these conditions.  
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Still aiming to investigate the participation of aerobic and anaerobic metabolism (lactic 

and alactic) in providing energy during competition and training, Zamparo et al. (2006) 

studied race simulations of 300 meters for canoe slalom (K1). Using the equation 

proposed by Wilkie. (1980), the authors determined the predominance of energy 

systems in race simulation, as well as in a maximal test in flat water (300 meters all-out 

test), considering three variables: Aer (contribution of aerobic metabolism), Anl 

(contribution of lactic anaerobic metabolism) and AnAl (contribution of alactic 

anaerobic metabolism). According to the authors, using these values to quantify the 

contribution of metabolism and dividing by the duration of the exercise, it is possible to 

obtain the predominance of each type of metabolism during participation. The authors 

report that in the two evaluation sites (river and lake) and in both testing conditions 

(simulated race or stimulus of 300 m), the contribution of aerobic metabolism is 

between 45 and 47 %, with the lactic anaerobic metabolism responsible for 29.9 % in 

simulated races and 33.9 % in maximal tests. With respect to alactic metabolism, the 

authors present values close to 24.9 % and 19.0 % in simulated races and maximal tests, 

respectively. 

 

The predominance of specific energy or metabolism systems in exercises is determined 

primarily by the intensity and duration of the effort. Even considering the short duration 

and high intensity of official slalom races (90 to 120 s), there is great interest in 

providing energy by aerobic metabolism, and training sessions with oxidative character 

are interesting tools implemented to improve the performance of slalom athletes 

(Zamparo et al., 2006). 

 

In contrast, other factors such as different categories and boats used are elements that 

can interfere with both biomechanical and physiological variables, such as energy 

demand. Pendergast et al. (1989) emphasised that differences related to boat, paddle and 

canoeist body size can generate different energy expenditures. Studying a 

heterogeneous sample (elite and inexperienced athletes slalom athletes), the authors 

note that athletes who do not have a developed technique should run trainings to 

improve this aspect because the technique is significant for reducing energy expenditure 

and improving efficiency mechanics. Moreover, according to these authors, elite 

athletes must turn their attention to training with an emphasis on increased muscle mass, 

especially in the upper limbs, thus improving their metabolic power. 

 

 

5. Morphological profile   

  

The characterisation of morphological profiles has become, over the years, a relevant 

tool in the identification and pursuit of great athletes around the world (Norton and 

Olds, 2001), especially in detecting potential talent in individual sports.  

 

In this sense, analysing the morphological particularities of canoeists, Freeman et al. 

(1987) look for similarities between canoeist profiles of canoe sprint and slalom 

disciplines, characterising them as mesomorphic individuals. Expanding the comparison 

of somatotypes to other sports, Table 2 exposes anthropometric and morphological 

parameters of various sports performed in boats. Interpreting the data shown, it is 

possible to highlight the similarity in somatotype patterns of canoe sprint and canoe 
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slalomists with other sports presented. However, despite being similar, the 

differentiation and identification of specific morphological profiles in various sports is 

necessary.  

 

Supporting this idea, Sklad et al. (1994) initially reported differences (P< 0.05) in 

anthropometric characteristics (weight and height) between rowers and slalom kayakers. 

Thereafter, Ackland et al. (2003) evaluated Olympian athletes (canoe sprint, Sydney, 

2000) and reported that their sample was characterised as homogeneous in relation to 

anthropometric and somatotype variables. However, even though marked differences 

were not observed when compared to general population characteristics, canoe sprint 

athletes show peculiarities such as lean bodies, large circumferences of the upper limbs, 

and narrow hips. Similarly, Vedat. (2012) also observed similar results for the Turkish 

national canoe team. In the study of Alves et al. (2012), the somatotype was not given; 

however, there were similarities regarding height (cm), weight (kg) and fat percentage 

(%) when canoe polo athletes were compared with canoe sprint and slalom athletes. 

Studying a large sample of female paddlers, Battista et al. (2007) found an endomorph 

somatotype predominance,  thus indicating differences in anthropometric characteristics 

for the canoe slalom, sprint and polo. 

 

Anthropometric variables of canoe slalomists were also investigated. Male canoe slalom 

athletes from the USA were studied, where the mesomorphic profile of athletes was 

predominant (Vaccaro and Gray, 1984). In addition, Ridge et al. (2007) note that male 

canoe slalomists have a high brachial index (ratio between lengths of forearm and arm) 

that is 1.9 % higher compared to reference values of the population (76.7 % for 

slalomist athletes and 74.8 % for reference values) (Norton and Olds, 2001). As this 

factor is primarily affected by genetic variables than training adaptations, it highlights 

that this index may be an indicator for identifying potential talent.  

 

 

6. Psychological aspects 

 

In regards to the relationship between physical and sporting performance aspects, some 

attention has been given in the literature to studies relating psychology to performance. 

However, even though it is evident that reduced performance can be related to 

psychological factors, minimum training sessions are implemented for the development 

of psychological skills of these athletes (Carr, 2006).  

 

Psychological skills play an extremely important role in performance during the training 

of slalom athletes and, particularly, during races. In this way,(Macintyre and Moran, 

2007) emphasise that psychological traits are important for canoe slalom for two 

reasons: 1) the canoe slalom is a cognitively demanding activity, requiring the planning 

and sequencing of complex routes under time constraints; and 2) canoe slalomists 

regularly use imagery both in competition and training. Moreover, Moran and 

MacIntyre. (1998) stress that in competitions, athletes must plan their route mentally 

from the bank of the river in question. Thus, specific psychological skills, such as 

"controllability of imagery", can be determinants for a better race performance. The 

controllability of imagery can be conceptualised as the ability to predict tasks before 

they happen, playing a role in the transmission of specific skills obtained through 
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mental imagery of performance improvement of these skills during the actual event 

(Macintyre et al., 2002).  

 

Macintyre et al. (2002) applied the Mental Rotation Test (Vandenberg and Kuse, 1978) 

in 31 slalom athletes after 3 or 4 weeks of the Canoe World Championship in Augsburg 

(1992-1993). The test consisted of a questionnaire with questions directed toward 

psychological and cognitive issues; the final test score had a minimum of 0 and 

maximum of 40 points. The main findings were significant correlations (r = 0.42; P< 

0.05) between the placement the canoeists achieved at the world championships and the 

score obtained on the Mental Rotation Test.  

 

More recently, Macintyre and Moran. (2007) implemented an interview guide 

comprising sections with questions about imagery, athletes meta-imagery knowledge 

and experiences in 12 elite canoe slalomists. The authors aimed to analyse qualitatively 

how imagery can be used in canoe slalom situations. The athletes reported that they 

used imagery as part of their performance routine. Additionally, they also indicated that 

imagery was used to generate creative solutions to the problems of planning their route 

down the slalom course. Moreover, prior to participating in competitions, the athletes 

visualised other competitors in their route and imagined themselves doing the course.   

 

Based on the literature, it is possible to suggest that canoe slalomists are subject to great 

cognitive challenges during races, and psychological skills are fundamental to better 

performance in competitions. Thus, the team involved with training the slalom athletes 

should not be limited to professionals who are only able to apply physical and tactical 

training but should also include sports psychologists. In summary, training directed 

toward the development of psychological skills is indispensable because mental abilities 

can be a determining factor in the performance of athletes during canoe slalom races. 

  

 

7. Biomechanical analyses applied to performance  

 

Biomechanical analyses are commonly used for the study and implementation of 

technical aspects in different sports, which are directly linked to better performance. 

Given that stroke technique is one of the determining factors in the classification of elite 

athletes (Hunter, 2009), analysis of biomechanical stroke characteristics appears to be 

an important tool in the development slalom athletes. 

 

In slalom, a simple stroke begins at the starts of the capture phase (where the paddle 

goes into the water) on one side of the kayak and ends at the start of the capture on the 

other side and includes the period during which the paddle is submerged (propulsion 

phase) as well as the phase when the paddle is out of water and the recovery phase 

(where the canoeist prepares for the next stroke) (Michael et al., 2009). Double strokes 

have all the same phases as the simple stroke, except that two sequential strokes are 

performed on the same side (McDonnell et al., 2012). Although the stroke technique is 

the determining factor in canoeist performance and focus of canoeing biomechanics 

studies, other factors such as aerodynamics and hydrodynamics of the boat (Michael et 

al., 2009), as well as the type of paddle blade (Sumner et al., 2003), have specific 

relevance in achieving a better race performance.  
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According to Michael et al. (2009) the drag force (Df), in the context of both the 

hydrodynamics and aerodynamics, can be defined as the force that acts opposite to the 

velocity vector of the kayak, resulting in slowdown when the kayak is submerged into 

the water. However, according to the authors, in the case of the canoe, the boat 

hydrodynamic variable has a greater influence on the loss of kayak speed than 

aerodynamic aspects. In addition, hydrodynamic Df is composed of three drag variables: 

a) friction or drag surface between the boat hull and the water; b) the pressure or drag 

force created when water is separated to allow passage of the kayak; c) the drag caused 

by the wave, which is a result of acceleration of water produced away from the boat. 

 

Sumner et al. (2003) report that, in opposition to the Df on the boat, the propulsion 

efficiency of the stroke can be maximised by another Df produced by the paddle blade, 

which aims to shift the boat and competes with the Df of the boat. Analysing three types 

of blades (Conventional, Norwegian, Turbo), the authors report that, regardless of the 

type of blade used, Df does not show difference. On the other hand, aspects such as 

blade return to the beginning of the stroke, the blade entrance into and exit from the 

water and the interaction between the blade and the water surface are factors that differ 

according to the type of blade used and thus may be an aid for canoeist performance.  

 

When canoeing is performed in standing water, the above aspects are adequate to 

describe canoe sprint races. However, due to the characteristics of slalom race 

environments, aspects related to the types of blade are attenuated. Nevertheless, the 

effects related to the stroke type and boat used is heightened. Performed in natural and 

artificial rivers, the slalom races have obstacles (e.g., rocks and waterfalls) (Shephard, 

1987), and during the race, changes in biomechanical variables are necessary for the 

athlete to complete the course. 

 

Thus, Hunter et al. (2007) analysed in detail the biomechanic particularities of different 

strokes in canoe slalom and designated two classifications: pure strokes and multi-

strokes. Pure strokes are strokes of one predominant phase. Among these types, the 

authors name them as Forward (propulsive stroke, carries boat forward with no 

significant change in direction), C (propulsive stroke moving the blade in a C-shaped 

path, turns the boat while propelling forward), Draw (blade facing inwards, parallel to 

boat, significantly changes the direction), Sweep (blade facing outwards, causes 

significant change in direction but not much propulsion), Reverse Sweep (reverse Sweep 

movement), Reverse (reverse stroke, causes a significant change in direction without 

slowing the boat), Brace (support stroke used for stability), Punt (stroke in contact with 

solid surfaces, usually used for turning), Side Draw (blade facing inwards, parallel to 

the boat in line with the body of the paddler, does not propel the boat forward or change 

direction, but moves sideways) and Steering strokes (strokes that define the direction of 

the boat). Moreover, the authors define that multi-strokes are classified as combinations 

of pure strokes, which include Draw-Forward, Reverse Sweep-Forward, Forward-

Reverse Sweep, Draw-Draw, Reverse Sweep-Draw, Draw-Sweep and Forward-Sweep. 

Through these analyses, Hunter et al. (2008) aimed to quantify the influence of the 

stroke technique in different groups of canoeists (female C1, male C1 and K1) in the 

performance of official canoe slalom races. The authors reported that, for the group 

composed of female K1 canoeists, longer race durations were reported (108.5±2.6 s) 

compared to C1 males (100.8±2.2 s) and K1 athletes (97.9±1.3 s).  
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Table 2. Anthropometrical and morphological variables of sports performed in boats. 

Study Sport Subdiscipline Gender Athletes (n) Age (years) Height (cm) Body mass (kg) Fat percentage (%) 
Somatotype 

Predominance  

Sklad et al, 1994 
Canoe 

slalom* 
K1 M 10 19.1 ± 2.2 178.3 ± 7.3 73.7 ± 5.9 10.3 ± 2.6 # 

Ridge et al., 2007 
Canoe 

slalom* 
K1 M 12 27.8 ± 3.9 177.0 ± 0.0 71.7 ± 4.8 # Mesomorphic 

   F 12 25.3 ± 4.8 168.0 ± 0.0 59.0 ± 4.5 # Mesomorphic 

  
C1 M 19 28.2 ± 5.9 177.0 ± 0.0 73.1 ± 6.5 # Mesomorphic 

Bílý et al.,  

2012 

Canoe 

slalom* 
K1 M 29 24.0 ± 4.7 176.8 ± 6.0 74.0 ± 6.7 10.0 ± 2.7 # 

   F 23 24.0 ± 6.6 166.1 ± 5.7 59.5 ± 4.9 17.0 ± 4.6 # 

  C1 M 17 25.2 ± 5.2 181.6 ± 6.4 77.4 ± 7.5 10.1 ± 3.5 # 

  C1 bowmen M 7 22.7 ± 5.4 175.4 ± 5.6 73.7 ± 4.4 11.6 ± 2.6 # 

  C1 stern men M 8 23.4 ± 3.5 175.9 ± 3.6 74.5 ± 8.4 11.8 ± 4.9 # 

Ackland et al., 2003 
Canoe 

Sprint* 
K2, K4 e C2

§
 M 50 24.8 ± 3.0 184.3 ± 5.8 85.2 ± 6.2 # Mesomorphic 

   F 20 26.4 ± 5.1 170.4 ± 6.3 67.7 ± 5.7 # Mesomorphic 

Vedat, 2012 

 

Canoe 

Sprint* 
# M 10 # 176.2 ± 5.5 74.5 ± 10.7 # Mesomorphic 

Alves et al., 2012 
Canoe 

Polo 
# M 10 26.7 ± 4.1 177.1 ± 6.5 76.8 ± 9.0 12.3 ± 4.0 # 

Battista et al., 2007 Paddle* # F 90 20.2 ± 1.3 173.0 ± 0.0 74.6 ± 8.5 22.4 ± 2.5 Endomorph 

Data shown as the means ± standard deviation. M-Male; F-Female; 
§
Data presented encompassing all sports; 

#
Information not specified in 

the study; *Olympic discipline.
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According to Hunter et al. (2008), the longer duration for female athletes may be linked 

to physical differences of this group compared to males. However, no differences were 

detected between the durations of the C1 and K1 males; only the number of strokes was 

significantly lower (C1=80+; K1=100+) (P˂ 0.05). Thus, the authors suggest that 

although C1 canoeists use paddles that include only one blade, and thus have limitations 

compared to the paddles used in K1 canoeists, the stroke technique of C1 canoeists is 

more effective compared to K1 canoeists. Though it is suggested that canoeists improve 

their performance through training aimed at improving physical abilities, technical 

training should be implemented for athlete development 

 

. 

8. Strategies and variability in canoe slalom races  

 

Commonly, canoe slalom races consist of two runs, the first (semi-final) being used to 

classify athletes for the second (final). However, the courses in official races are not 

similar across competitions. In addition, the final time of the athlete is adjusted in 

slalom races if the canoeist touches any of the gates or fails to negotiate a gate. 

Additionally, Vest. (1997) emphasises that the identification of competitive capability 

in athletes is hampered by components such as non-standard wild-water conditions, 

different gate placements and various constructions of artificial slalom courses. 

Moreover, these factors make it difficult to analyse the variability of performance in this 

sport (Nibali et al., 2011).  

 

Based on these observations, Nibali et al. (2011) emphasised that, for sports such as 

swimming, running and cycling, the variability in performance appears to be linked to 

the athlete's ability to sustain high-intensity exercise. In other words, the variability is 

directly related to the duration required for the athlete to complete the race. On the other 

hand, canoe slalom is a sport that requires a large technical development of the athlete. 

Because they need to sustain high-intensity exercise while negotiating gates and natural 

obstacles, the variability in slalom performance is linked not only to the athlete’s 

performance at high intensities but also to their technical capabilities. 
 

Races in canoe sprint are characterised by a linear course (i.e., the canoeist paddles in a 

fixed direction throughout the race). Regarding strategies for performing in this type of 

a race (pacing strategy), coaches and canoe athletes generally agree that the best 

strategy is to begin a race with maximal effort (fast start) and then transition to a steady 

pace (Bishop et al., 2002). However, slalom races are nonlinear, and each course is 

distinct. Consequently, various strategies can be chosen depending on the course. 

 

In support of this idea, Hunter et al. (2008) investigated the different strategies used by 

canoeists (C1, C2 and K1) for thirty runs in official races. The authors report that, 

regardless of the sport, the strategy used to negotiate gates and navigate the course is the 

same (i.e., in general, throughout the race, athletes have used similar techniques to 

negotiate all the gates). However, the use of different strokes techniques, such as spin 

(situation where the canoeist turns to the gate at an angle greater than 180 °) and pivot 

(situation where the canoeist turns to the gate at an angle less than 180 °) in specific 

locations, such as gates placed in locations where the current is flowing upstream 

(upstream gates), can differentiate the final performance of the athlete.  

 

In an attempt to extend these findings, Hunter. (2009) aimed to determine how the 

strategy chosen by canoeists to negotiate upstream gates influences the final race 
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duration. In a simulated race with six gates (four with and two against the current), 17 

canoeists (11 - K1; 6 - C1) repeated the course six times according to their respective 

strategies. Similar to considerations already presented (Hunter et al., 2008), the authors 

report that regardless of the sport, the strategy used to negotiate upstream gates is the 

same. However, using kinematic analysis, Hunter explains that the canoeists who 

showed better performance in the simulated race used techniques that included a 

passage closer to the canoeist head and the negotiated gate.  

 

In summary, the strategy chosen to go through the course is a determining factor for 

improved performance in slalom races. However, canoeists should not be limited to 

considering evidence only from slalom races of their respective discipline but instead 

should pay attention to all disciplines, which present great similarity in terms of race 

strategies and techniques used (Hunter, 2009). 

 

 

9. Training periodisation 

 

Throughout this review, several aspects involving physiological, psychological, 

biomechanical and morphological parameters were addressed, and studies were 

analysed that aimed to equip slalom participants, including athletes, coaches, and 

trainers, to enhance the sports training of slalomists. However, despite timely attempts, 

there is a clear lack of studies that assess periodisation and periodic evaluations in canoe 

(Ušaj, 2002; Garcia-Pallares et al., 2010). 

 

Periodisation in sport was the subject of a review of the literature presented by Issurin. 

(2008). In this study, the author stresses that training periodisation is one of the more 

training theory-oriented branches, and its application is essential in obtaining a better 

athletic performance. Nevertheless, this strategy is not well investigated in canoeing. 

 

Recently, Garcia-Pallares et al. (2010) investigated the physiological and performance 

effects using a traditional periodisation (TP = 22 weeks) and block periodisation (BP = 

12 weeks) applied to elite athletes (n = 10) of canoe sprint. According to the authors, the 

most pronounced differences between traditional and block periodisation is in the total 

volume of training implemented and the percentage of this volume aimed at improving 

physiological parameters such as ventilatory threshold 2 (VT2) and peak oxygen 

consumption (VO2 peak). Conducting periodic evaluations within each periodisation, 

the authors found that similar gains in these parameters were obtained at the end of each 

periodisation, observing a VT2 increase of 9.9 % for TP and 8.0 % for BP and a VO2 

peak increase of 11.0 % for TP and 8.1 % for BP. Based on these results, the authors 

suggest that block periodisation seems to be more effective than traditional 

periodisation for canoe sprint, considering that the gains obtained were similar to 

traditional periodisation but over a shorter duration of time (12 weeks). 

 

Only one study was found in the literature that evaluated the effects of periodisation 

applied to canoe slalomists. Ušaj. (2002) aimed to examine whether the traditional 

periodisation (40 weeks) would be effective in modifying physiological parameters such 

as anaerobic threshold as well as enhancing related variables to performance into two 

groups: Olympic athletes (n=3) and non-Olympic (n=4). Applying an incremental test, 

the athletes were subjected to five maximum efforts equivalent to 600 meters, with 

intervals of one minute between efforts for the extraction of blood and blood lactate 

analysis. The anaerobic threshold was classically determined by a method proposed by 
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Kindermann et al. (1979) and by fixed blood lactate concentration (Sjodin and Jacobs, 

1981). Performance data were presented as the total time for completion of the EIGHT 

test (Ušaj, 2002), where the athletes performed a course on a lake consisting of eight 

"gates". According to Usaj, unexpectedly, neither Olympic athletes nor non-Olympic 

athletes showed any significant differences in the physiological parameters analysed 

after 40 weeks. However, increased performance (i.e., lower test duration in the lake) 

was displayed at the end of periodisation for both groups. The author assigns no 

modifications in physiological variables at the training level of each group, speculating 

that the athletes could be at their biological limit and that improvement in this aspect 

would be very difficult to attain.  

 

 

10. Final considerations 

 

Commonly, studies published in the scientific community mistakenly include canoe 

slalom alongside other disciplines that include canoes. However, despite being 

performed with a boat and paddles, the present review indicates that slalom has peculiar 

aspects, including the race features, which should preclude its comparison and/or 

association with other canoe disciplines.  

 

We speculate that the limited number of scientific studies focused on canoe slalom is 

also a reflection of the characteristics of the sport, which hinder the application of 

scientific methods to evaluate the practice of the sport. Nevertheless, in spite of the lack 

of scientific studies, the number of studies in the literature focused on canoe slalom has 

increased in recent decades, with emphasis on designs related to investigations of 

physiological, psychological, biomechanical, and morphological aspects and the race 

strategies of canoe slalomists.  

 

To improve the progress of performance in this sport, we believe that a combination of 

all the factors discussed in this review, as well as the adoption of specific assessment 

methods for canoe slalom, should be considered when drafting and prescribing 

regimens for training. In this respect, scientific attention to slalom, with specific 

proposals addressed to aspects related to training and athletic performance, certainly 

aids in the understanding of this Olympic sport. 
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