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Abstract: Paddling technique and stroke kinematics are important performance factors in flatw14 

sprint kayaking that require important energetic demand and high strength from the muscles o15 

trunk and upper limb. The various distance competed (from 200-m to 1000-m) requires the ath16 

to optimize their pacing strategy to maximize power output distribution throughout the race17 

study aims to characterize paddling technique and stroke kinematics during two maximal sp18 

of different duration. Nine national-trained participants performed a 40-seconds and a 4-min s19 

at maximal intensity on a kayak ergometer. The main findings demonstrated a significantly gr20 

mean stroke power (237 ± 80 W vs 170 ± 48 W) and rate (131 ± 8 spm vs 109 ± 7 spm) during the21 

sprint compared to the 4-min sprint. Athletes used an all-out strategy for the 40-sec exercise a22 

parabolic-shape strategy during the 4-min. Despite different strategies implemented and h23 

muscular activation during the 40-s sprint, no change in paddling technique and body coor24 

tion occurred during the sprints. The findings of the present study suggest that athletes25 

structed a well-defined profile that is not affected by fatigue despite a decrease in power ou26 

during the all-out strategy. Also, they regulate paddling kinematics during longer exercise wi27 

change in paddling technique and body coordination. 28 

Keywords : flatwater kayaking; body coordination; electromyography; pacing strategy 29 

 30 

1. Introduction 31 

Flatwater sprint kayaking events are contested over distances from 200-m to 10032 

in single or crew boats composed of 2 or 4 athletes. In single kayaking, the world's33 

race times ranged from 33-sec and 37-sec on 200-m until  200-sec and 230-sec on 10034 

for men and women, respectively (data from International Canoe Federation) w35 

makes aerobic and anaerobic capacities as well as high upper body strength st36 

physiological factors of performance (Pickett et al. 2018; Bishop 2000; Forbes et al. 237 

Furthermore, the cyclic nature of the activity makes also the paddling technique an38 

portant performance factor that athletes should optimize to ensure the effectivene39 

each blade stroke to propel the boat despite the persistent unbalance state resulting 40 

the thinness of the boat.  41 

From a global perspective, (Lopez Lopez et Ribas Serna 2011) identified a sim42 

paddling technique among Olympic athletes who qualified for an “optimal stroke 43 

file”. Qualitatively, (Limonta et al. 2010) reported longer stroke length developed by44 
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athletes compared to national-level athletes at the end of an incremental 4-min test. On 45 

200-m sprint, (Pickett et al. 2021) pointed out that among the elite athletes, those of higher 46 

performance level also performed longer stroke length on 200-m races than elite athletes 47 

of a lower performance level. The strong negative relationship observed between stroke 48 

length and race time conducted by these authors highlights stroke length as a perfor-49 

mance predictor of a 200-m sprint for elite athletes (Pickett et al. 2021). However, one 50 

should be cautious not to interpret these findings as increasing stroke length through a 51 

delayed exit of the blade from the water that would impair boat speed and consequently 52 

increase drag force (Gomes et al. 2015). Instead, international elite athletes of better per-53 

formance level distinguishes from national level athletes by a greater range of motion in 54 

knee extension, increasing pelvis and trunk rotation which ultimately increased stroke 55 

length through a well forward catching phase (Limonta et al. 2010; Klitgaard et al. 2021). 56 

However, they maintain the exit phase once the blade reaches the vertical position to 57 

quickly initiate the contralateral catching phase while reducing ineffective portion of the 58 

stroke (Gomes et al. 2015). Particularly, (Gomes et al. 2015) reported that increasing 59 

stroke rate permitted a more rectangular force profile to be produced from the 60 

blade/water interaction, which results in a greater impulse during stroke and a higher 61 

mean boat velocity. Accordingly, the increase in mean stroke rate during 200-m races 62 

paralleled improvements in performances over the years (McDonnell, Hume, et Nolte 63 

2013), which identifies stroke rate as a performance factor between international elite 64 

athletes and athletes of national level (Pickett et al. 2021). 65 

Leg contribution in flatwater kayaking should also not be discarded. Providing the 66 

feet are strapped on the footrest, the kayakers performed push and pull actions with their 67 

legs to enhance pelvis and trunk rotation (Nilsson et Rosdahl 2016; Limonta et al. 2010; 68 

Klitgaard et al. 2021) (Nilsson et Rosdahl 2016) estimated to 0.2 seconds the duration of 69 

the synchronized period between leg extension and paddle thrust. Although of short 70 

duration, synchronization between leg extension, pelvis, and trunk rotation, as well as 71 

paddle thrust, needs to be finely refined to provide gain in boat velocity quantified from 72 

6% (Begon, Colloud, et Sardain 2010, 201) to 16% (Nilsson et Rosdahl 2016). 73 

It should, however, be mentioned that the vast majority of the studies describes 74 

paddling technique on a reduced number of stroke cycles and with no consideration 75 

about changes that could occur throughout a race. Only few studies analyze stroke 76 

kinematics over the time course of 200-m or 500-m maximal sprints (Pickett et al. 2021; 77 

Bertozzi et al. 2022; Vaquero-Cristóbal et al. 2013). Over short-distance sprint (i.e., 200-m), 78 

a reduction in boat speed and stroke rate was identified in young national-level paddlers 79 

(Vaquero-Cristóbal et al. 2013) and international and national level athletes (Pickett et al. 80 

2021). (Vaquero-Cristóbal et al. 2013) also identified a reduction in stroke efficiency over 81 

the time-course of the 200-m sprint. On a 500-m sprint, (Bertozzi et al. 2022) also observed 82 

reductions in stroke length and velocity, while stroke duration remained constant. These 83 

elements shed light on the occurrence of fatigue that athletes face during a race to max-84 

imize their performance. Given the different distances competed in flatwater kayaking 85 

(i.e., from 200-m to 1000-m), athletes set up different pacing strategies to optimize power 86 

distribution throughout the sprint and limit the occurrence of fatigue (Jones et al. 2008; 87 

Abbiss et Laursen 2008). Therefore, pacing strategies represent a performance factor in 88 

flatwater sprint kayaking (Bishop, Bonetti, et Dawson 2002). These strategies also impact 89 

stroke peak power, power distribution or stroke rate, and physiological responses during 90 

sprint (Bishop, Bonetti, et Dawson 2002) (Therrien, Colloud, et Begon 2011). For instance, 91 

male athletes increased stroke rate and reduced stroke length to produce greater stroke 92 

impulse during paddling. Despite the lack of study regarding sprint of longer distance 93 

(e.g., 1000-m), one could suggest that the distribution of stroke rate or power during a 94 

1000-m sprint race depends on the pacing strategy used. Consequently, athletes would 95 

also likely adapt their paddling technique (paddle displacement and body coordination) 96 

differently depending on the distance covered and their pacing strategy. 97 
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Adaptations in stroke kinematic and paddling technique can result from body co-98 

ordination changes. (Bjerkefors et al. 2018) identified for instance that elite athletes in-99 

creased shoulder flexion and adduction and performed trunk flexion and rotation of 100 

greater amplitude to increase power output during paddling. Also, (Bertozzi et al. 2022) 101 

evidenced that elite athletes increased lateral trunk flexion over a 500-m maximal sprint 102 

to compensate for the fatigue-induced reduction in shoulder range of movement ampli-103 

tude. However, they did not detect a change in knee or ankle range of motion during the 104 

sprint (Bertozzi et al. 2022). In addition to motion capture, surface electromyography 105 

(sEMG) recordings can complete the investigation of body coordination related to pad-106 

dling technique and evidence changes in the activation pattern of the muscles with the 107 

occurrence of fatigue. To date, the pattern of muscle recruitment during kayaking has, 108 

however been scarcely investigated, and limited to comparison in shoulder’s muscles 109 

recruitment between on-water kayaking and ergometer (Trevithick et al. 2007) or the 110 

lower limb in with-water races (Murtagh et al. 2016). In this context, it remains currently 111 

unknown how athletes adapt their paddling technique during a prolonged sprint when 112 

facing fatigue.  113 

This study aimed therefore to identify whether national-level athletes adapted dif-114 

ferent paddling technique and stroke kinematics during simulated maximal sprint of 115 

different durations. Additionally, we intended to identified how the different pacing 116 

strategy employed by athletes impacts the occurrence of fatigue and its effects on body 117 

coordination and muscle activation patterns. We hypothesized that athletes would use a 118 

more conservative pacing strategy during the 4-min sprint than an all-out strategy em-119 

ployed during the 40-sec sprint, limiting kinematic and muscle coordination changes. 120 

2. Materials and Methods  121 

2.1. Participants 122 

Nine experienced young kayak athletes (2 females, age: 18 ± 3 years; BMI: 22.2 ± 2.0 123 

Kg.m-1; training experience: 8.0 ± 5.2 years) participated in this study. All the athletes 124 

competed at least at national level, and two were members of the U18 French kayak team. 125 

The study conformed to the standard set by the World Medical Association Declaration 126 

of Helsinki “Ethical Principles for Medical Research Involving Human Subjects” (2008).  127 

2.2. Experimental design 128 

Participants visited the laboratory in a single session to performed two maximal ef-129 

forts on a flywheel kayak ergometer (Dansprint PRO kayak ergometer, Dansprint ApS, 130 

Denmark). All participants were experienced with paddling on an ergometer for their 131 

personal training. The distance between the seat and the foot bar was set for each athlete 132 

to correspond with the settings of their kayak. The flywheel resistance was adjusted with 133 

account of the athlete’s weight to reproduce on-water drag forces following the manu-134 

facturer's prescription (http://www.dansprint.com). Participants were instructed not to 135 

undertake vigorous training 24h before the experimentation.  136 

Before the experimental acquisitions, participants performed a warm-up including 137 

6-min paddling at an intensity of 70% of their maximal perceived effort, 2-min at 90% of 138 

their maximal perceived effort, and three 10-s maximal efforts. Recovery periods of 2-min 139 

followed the 6-min and the 2-min sets, and 1-min rest between the 10-s efforts. Then, 140 

participants performed two maximal exercises of different duration 40-s and 4-min to 141 

correspond with average duration for 200-m and 1000-m, with 15-min of recovery 142 

in-between. Athletes were asked to perform the highest distance they could during each 143 

bout, with no instruction about pacing strategy and no feedback on their performance.  144 

2.3. Stroke kinematics 145 

Stroke rate and power were recorded stroke-by-stroke and stored for off-line analy-146 

sis using the ergometer software (Dansprint analyser V1.12). Data were averaged over 15 147 
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complete cycles defined by the position of the paddle tip (McDonnell, Hume, et N148 

2012) and analyzed at three-time points corresponding to the beginning (T1), the mi149 

(T2), and the end (T3) of each exercise. 150 

2.4. Surface Electromyography (sEMG) 151 

EMG activity was recorded during exercises using wireless EMG probes (Com152 

systems, Italy) at a frequency of 1000 Hz. Pairs of pre-gelled surface electrodes (10153 

diameter) were applied to the midpoint of the palpated muscle belly along the mu154 

fibers with a 2 cm centre-to-centre interval. Ten upper and lower limb muscles wer155 

vestigated: anterior, middle, and posterior deltoids (Del), upper trapezius (T156 

pectoralis major (Pec), latissimus dorsi (Lat), biceps brachii (Bic), triceps brachii 157 

rectus abdominis (Rect) and vastus lateralis (Vast). The activity of the three portions o158 

deltoids was average to reflect the activity of the global deltoids. EMG activity wa159 

eraged over 1 stroke cycle and analyzed with automatic processing (Matlab, Mathw160 

USA). 161 

2.5. Motion capture 162 

Three-dimensional markers trajectory was recorded using seven infra-red cam163 

sampling at 200 Hz (Vicon T-series, Vicon motion systems Ltd. UK). Nineteen164 

ro-reflective markers (diameter = 20mm) were applied on the body to identify the tr165 

upper- (forearm, arm, shoulder girdle) and lower-limb (pelvis, thigh, leg) and the pa166 

(see Fig. 1). Based on the 3D movement of these markers, we defined an elevation a167 

for each segment, as the angles between each segment and the vertical axis (define168 

gravity-extrinsic reference). In addition, the amplitude of the paddle displacement in169 

vertical and horizontal plans (X, Z) was also evaluated. To assess the coordination170 

tween the different segments during the movement, a PCA was performed (for m171 

details on the computation, see (Berret et al. 2009; Paizis et al. 2008) upon the time s172 

of the 10 elevation angles (upper-arm, arm, trunk, leg, lower-leg for each hemibo173 

Here we used, as coordination value, the percentage associated with the three first p174 

cipal components for 15 double-stroke cycles at the beginning, the middle, and the en175 

each test (40sec vs 4min).  176 

 177 

Figure 1. Placement of the retro-reflective markers on the participants. 178 

2.6. Statistical analysis 179 

All data are presented as mean ± standard deviation (SD) in text, figures and ta180 

The nature of the distribution was assessed for all variables using the Shapiro-Wilk te181 

ensure proper use of parametric ANOVA. A Greenhouse-Geisser correction to the de182 

of freedom was applied when the sphericity of the data was violated. A two-way 183 

ANOVA was used to test the effect of condition (40-sec vs. 4-min exercise) and time184
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vs. T2 vs. T3) on EMG activity, kinematic and stroke rate and power. When significant, 185 

main effect and condition × time interaction were followed-up with Tuckey HSD test. 186 

Effects sizes are reported as partial eta squared (ηp²) and Cohen’s dz, the latter being 187 

calculated from the mean and standard deviation of the variables, and the correlation 188 

between these variables using G*Power (version 3.1, Universität, Düsseldorf, Germany). 189 

Statistical analysis was performed with Statistica (StatSoft France, version 7.1, 190 

STATISTICA). The significance level was set at 0.05 (two-tailed) for all analysis. 191 

3. Results 192 

3.1. Stroke rate and power 193 

The significant condition × time interaction for the stroke rate (p = 0.007; ηp² = 0.464) 194 

revealed significantly lower stroke rate during the 4-min exercise compared to the 40-s at 195 

each time point (all p < 0.001; all dz > 0.921; see fig. 2A). Stroke rate was significantly lower 196 

at T2 compared to T1 and T3 during the 4-min exercise (all p < 0.018; all dz > 1.528), with no 197 

difference between T1 and T3. Stroke rate remained constant during the 40-s exercise (all 198 

p > 0.747; all dz < 0.680). The ANOVA also detected a condition × time interaction on 199 

stroke power (p < 0.001; ηp² = 0.598; see fig 2.B). Power was greater during the 40-s exer-200 

cise compared to the 4-min at each time point (all p < 0.013; all dz > 0.508) and significantly 201 

higher at T1 than T2 and T3 in each condition (all p < 0.031; all dz > 1.148). Power increased 202 

from T2 to T3 during the 4-min exercise (p = 0.005; dz = 1.521), while remaining constant 203 

for the 40-s exercise (p = 0.971; dz = 0.265).  204 
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 205 

Figure 2. Stroke rate (A) and power (B) recorded during the 40-s and 4-min sprints (N = 9; m206 

SD). 207 

3.2. Electromyographic activity 208 

Figure 3 presents EMG activity of each muscle at the different time points durin209 

40-s and the 4-min exercise. Due to a technical issue during recording, EMG data of210 

participant has been removed from analyses, and only data from 8 participants have 211 

considered. A significant main effect of time was detected for Pec, Trap, and Lat mu212 

(all p < 0.006; all ηp² > 0.516), with no condition or condition × time interaction (all p > 0213 

all ηp² < 0.434). All three muscles demonstrated greater EMG activities at T2 compar214 

T3 (all p < 0.004; all dz > 1.336). EMG activity was also greater at T2 compared to T1 fo215 

Trap muscle (p < 0.001; dz = 1.675). 216 
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 217 

Figure 3. EMG amplitude of muscle activations recorded at the beginning (T1), middle (T2) a218 

the end (T3) of each sprint (N = 8; mean ± SD). 219 

A significant condition × time interaction was detected for Bic, Tri, Del, Rect and220 

muscles (all p < 0.049; all ηp² > 0.350). The Rect muscle showed a significantly greater E221 

activity at T1 and T3 during the 40-s than during the 4-min exercise (all p < 0.026; al222 

0.809). All other muscles (i.e. Bic, Tri, Del, and Vast), showed a greater EMG act223 

during the 40-s than the 4-min exercise at each time points (all p < 0.001; all dz > 0.873)224 

Vast muscle showed no change of the EMG activity over time during both exercises 225 

> 0.062; all dz < 0.917). During the 4-min exercise, the Tri and Del muscles showed gr226 

EMG activities at T2 compared to T1 and T3 (all p < 0.018; all dz > 1.218), and EMG act227 

of the Bic was greater at T2 compared to T3 (p = 0.021; dz > 0.764). No other change228 

observed. 229 

3.3. Kinematic data 230 

Table 1 showed the mean elevation angle of the upper arm, arm, and trunk c231 

lated for the two conditions. Due to technical problems with reflective markers, 232 

complete data from 4 subjects have been included in kinematic analysis. The ANO233 

revealed neither main effect of the condition or time (all p > 0.271; all ηp² < 0.353), no234 

teraction (p = 0.279; ηp² = 0.364) for elevation angles coordination.  235 

Table 1. Mean and standard deviation, across subjects, of the main kinematic parameters for t236 

sec and 4 min condition. 237 

 
40 sec. 4 min. 

start end start end
Right Hemibody 

Elev. Angle upper arm (deg.) 67 ± 2 64 ± 2 67 ± 3 65 ± 2
Elev. Angle arm (deg.) 70 ± 4 72 ± 3 68 ± 3 68 ± 2

Elev. Angle trunk (deg.) 14 ± 2 14 ± 1 14 ± 1 14 ± 1
Amplitude Paddle Vert. (cm) 164 ± 15 167 ± 15 160 ± 14 162 ±
Amplitude Paddle Hrzt. (cm) 61 ± 9 63 ± 8 64 ± 11 66 ± 1

Left Hemibody 
Elev. Angle upper arm (deg.) 67 ± 2 64 ± 2 67 ± 3 65 ± 2

Elev. Angle arm (deg.) 70 ± 4 72 ± 3 68 ± 3 68 ± 2
Elev. Angle trunk (deg.) 14 ± 2 14 ± 1 14 ± 1 14 ± 1
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Amplitude Paddle Vert. (cm) 158 ± 2 154 ± 3 158 ± 2 153 ± 7 
Amplitude Paddle Hrzt. (cm) 67 ± 12 71 ± 11 74 ± 7 74 ± 5 

Coordination (%) 94 ± 2 94 ± 2 94 ± 2 93 ± 3 
     

4. Discussion 238 

This study aims at describing kinematic and muscle activity of the paddling tech-239 

nique in young, experienced paddlers during maximal sprints of different duration on a 240 

kayak ergometer, and to analyze how athletes adapt their pacing strategy depending on 241 

race duration. In line with our hypothesis, the results from stroke power highlighted that 242 

the athletes use a more conservative pacing strategy during the 4-min sprint than an 243 

all-out strategy employed during the 40-sec sprint, with higher muscular activity in bi-244 

ceps brachii, triceps, deltoids, rectus femoris, and vastus lateralis muscles during the 245 

40-sec sprint. Despite these differences not found differences in kinematic and muscle 246 

coordination. 247 

Mean power (237 ± 80 W and 170 ± 48 W) and stroke rate (131 ± 8 spm and 109 ± 7 248 

spm) recorded during the 40-s and 4-min sprint, respectively, are similar to that reported 249 

for national-level athletes by (Pickett et al. 2021) on 200-m and somewhat lower than that 250 

reported for international athletes by (Bjerkefors et al. 2018). Maximal and mean power 251 

and stroke rate were significantly lower during the 4-min bout compared to the 40-s 252 

sprint despite the same resistance imposed by the ergometer. During the 40-s sprint, 253 

stroke rate remained constant while stroke power decreased immediately after the start 254 

(i.e. from T1 to T2 and T3), with no further decrease between T2 and T3. During the 4-min 255 

sprint, stroke rate and power were higher at T1 compared to T2 and T3, and both pa-256 

rameters increased from T2 to T3. These elements showed that athletes implemented two 257 

different pacing strategies during exercise. Athletes implemented an all-out strategy 258 

during the 40-s sprint characterized by a greater power developed at the start and then 259 

maintained as long as possible, while an even-pace strategy characterized by a parabol-260 

ic-shape profile was implemented during the 4-min exercise (Bishop, Bonetti, et Dawson 261 

2002; Abbiss et Laursen 2008). These two strategies previously reported for well-trained 262 

kayakers (Bishop, Bonetti, et Dawson 2002; Pickett et al. 2021) and rowers 263 

(Dimakopoulou et al. 2018), would improve performance through optimization of the 264 

balance between power production and occurrence of fatigue. Specifically, an all-out 265 

strategy would enable athletes to achieve the greater amount of work they could above 266 

the critical power before a high level of fatigue limiting their performance (Jones et al. 267 

2008). On the contrary, athletes would implement an even-pace strategy based on their 268 

own experience to limit disturbance in muscle intracellular milieu (Bishop, Bonetti, et 269 

Dawson 2002), delaying therefore the occurrence of fatigue (Dimakopoulou et al. 2018) 270 

allowing them to limit decrease in boat speed or even increase it.  271 

Performance in sprint flatwater kayaking also stands upon the acquisition of a fine 272 

paddling technique that ensures the effectiveness of the paddling stroke throughout the 273 

race. In line with the “optimal stroke profile” identified by (Lopez Lopez et Ribas Serna 274 

2011) that international elite athletes share, present findings showed the same paddling 275 

profile implemented by the athletes during both sprints (see fig. 4). Furthermore, no 276 

change in this pattern was evidenced during the race despite different pacing strategies. 277 

Previously, well-trained and elite athletes also demonstrated synchronized actions be-278 

tween the upper and the lower limb (Bjerkefors et al. 2018; Nilsson et Rosdahl 2016). Our 279 

findings showed that elevation angles and body coordination were similar between the 280 

40-s and the 4-min sprint and were similar between left and right sides of the body as 281 

ever reported by (Bjerkefors et al. 2018). Hence in accordance with (Therrien, Colloud, et 282 

Begon 2011), the present findings suggest that well-trained athletes kept the same pad-283 

dling technique despite different stroke rate between sprints.  284 
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 285 

Figure 4. Mean start posture and paddle tip trajectory for the 15 first cycles (black) and 15 la286 

cles (grey) of the 40 sec (left) and 4 min (right) condition, for a typical subject. 287 

Surface EMG was also recorded in our study to characterize the impact of diffe288 

pacing strategies and the occurrence of fatigue on muscle activation patterns. Muscl289 

tivities of the upper- (i.e. Bic, Tri, Del) and lower limbs (i.e. Vast) were consistently hi290 

during the 40-s compared to the 4-min sprint. The greater mean activity of these mu291 

during the 40-s corroborates the higher power output recorded during sprint. Sp292 

cally, the increase in mean EMG activity of the biceps brachii would transcribe a gr293 

force level developed to resist against elbow extension during the pulling phase (bi294 

brachii). In contrast, increase in triceps brachii activity would limits elbow flexion o295 

aerial limbs to ensure the effectiveness of the opposite pulling phase (Fleming, Donn296 

Fletcher 2012; Bjerkefors et al. 2018). The greater activity of the vastus lateralis mu297 

recorded during the 40-s reflects the prominent role the lower limbs play in force tr298 

mission in flatwater kayaking (Nilsson et Rosdahl 2016; Begon, Colloud, et Sardain 2299 

However, most of the investigated trunk muscles (i.e. Trap, Pec, Lat) did not demons300 

different EMG activity between sprint modalities, excepted a greater activity for301 

rectus abdominis at T1 and T3 during the 40-s compared to the 4-min. The trapezius302 

the latissimus dorsi muscles control for shoulder extension and internal rotation du303 

kayak paddling (Trevithick et al. 2007). The similar magnitude of EMG activity betw304 

sprint modalities for these two muscles suggest that the greater power output prod305 

during the 40-s did not increase shoulder instability. Together, these findings sug306 

that athletes adapt to the greater power output mainly by increasing muscular for307 

ensure the effectiveness of their paddling technique rather than change in paddlin308 

kinematic (e.g. pulling stroke length). 309 

Flatwater race sprint kayaking performance is a complex process dependin310 

numerous factors such as athletes’ level, inter-individuals’ history, balance and dista311 

Additionally, it would be of interest to explore in real conditions the muscular activa312 

associated with the kinematics and body coordination with a larger sample size in313 

ferent distances in a future study in order to optimize performance during single 314 

race and ensure optimal stroke synchronization in crew boat. 315 

5. Conclusion  316 

The main findings of this study showed that athletes used different pacing stra317 

between a 40-s and a 4-min maximal sprint. Specifically, athletes implemented an al318 

strategy during the 40-s sprint in order to achieve the greater work above the cr319 

power before the occurrence of neuromuscular fatigue, while employing an even-p320 

strategy to avoid excessive accumulation of fatigue early during the race. In spite of t321 

two marked different strategies, athletes kept a similar paddling technique that coul322 

defined as the “optimal stroke profile” ever reported in previous studies. Only incr323 

in mean activity of upper- and lower limbs muscles was detected when comparing324 
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40-s to the 4-min sprint, which could be related to an increase in force to resist against the 325 

greater stroke power and maintain the effectiveness of their paddling technique. There-326 

fore, we encourage practitioners to develop the most suitable strategy relatively to their 327 

distance race and give more attention in strength training of biceps brachii, triceps 328 

brachii, deltoids, rectus femoris and vastus lateralis which were more activated to pro-329 

duce more power for a similar paddling technique and body coordination. 330 

References 331 

1. Abbiss, Chris R., et Paul B. Laursen. 2008. « Describing and Understanding Pacing Strategies during Athletic Competition ». 332 

Sports Medicine 38 (3): 239‑52. https://doi.org/10.2165/00007256‑200838030‑00004. 333 

2. Begon, Mickaël, Floren Colloud, et Philippe Sardain. 2010. « Lower limb contribution in kayak performance: modelling, sim‑334 

ulation and analysis ». Multibody System Dynamics 23 (4): 387‑400. https://doi.org/10.1007/s11044‑010‑9189‑8. 335 

3. Berret, B, F Bonnetblanc, C Papaxanthis, et T Pozzo. 2009. « Modular Control of Pointing beyond Arm ’ s Length ». The journal 336 

of neuroscience 29 (1): 191‑205. https://doi.org/10.1523/JNEUROSCI.3426‑08.2009. 337 

4. Bertozzi, Filippo, Simone Porcelli, Mauro Marzorati, Andrea M. Pilotto, Manuela Galli, Chiarella Sforza, et Matteo Zago. 2022. 338 

« Whole‑Body Kinematics during a Simulated Sprint in Flat‑Water Kayakers ». European Journal of Sport Science 22 (6): 339 

817‑25. https://doi.org/10.1080/17461391.2021.1930190. 340 

5. Bishop, David. 2000. « Physiological predictors of flat‑water kayak performance in women ». European journal of applied 341 

physiology 82 (1‑2): 91‑97. 342 

6. Bishop, David, Darrell Bonetti, et Brian Dawson. 2002. « The influence of pacing strategy on VO2 and supramaximal kayak 343 

performance. » Medicine and science in sports and exercise 34 (6): 1041‑47. 344 

7. Bjerkefors, Anna, Olga Tarassova, Johanna S. Rosén, Pascal Zakaria, et Anton Arndt. 2018. « Three‑dimensional kinematic 345 

analysis and power output of elite flat‑water kayakers ». Sports Biomechanics 17 (3): 414‑27. 346 

https://doi.org/10.1080/14763141.2017.1359330. 347 

8. Dimakopoulou, Eleni, Elias Zacharogiannis, Chrysoula Chairopoulou, Socratis Kaloupsis, et Theodoros Platanou. 2018. « The 348 

effect of pacing strategy on physiological, kinetic and performance variables during simulated rowing ergometer ». Journal of 349 

Sports Medicine and Physical Fitness 58 (7‑8): 1006‑13. https://doi.org/10.23736/S0022‑4707.17.06976‑6. 350 

9. Fleming, Neil, Bernard Donne, et David Fletcher. 2012. « Effect of kayak ergometer elastic tension on upper limb EMG activity 351 

and 3D kinematics ». Journal of sports science & medicine 11 (May): 430‑37. 352 

10. Forbes, Scott C, Daniel L Fuller, Joel R Krentz, P Little, et Phillip D Chilibeck. 2009. « Anthropometric and Physiological Pre‑353 

dictors of Flat‑water 1000 m Kayak Performance in Young Adolescents and the Effectiveness of a High Volume Training 354 

Camp ». Internation journal of exercice and science 2(2) (3): 106‑14. 355 

11. Gomes, Beatriz B., Nuno V. Ramos, Filipe A.V. Conceição, Ross H. Sanders, Mário A.P. Vaz, et João Paulo Vilas‑Boas. 2015. 356 

« Paddling force profiles at different stroke rates in elite sprint kayaking ». Journal of Applied Biomechanics 31 (4): 258‑63. 357 

https://doi.org/10.1123/jab.2014‑0114. 358 

12. Jones, Andrew M, D.P Wilkerson, M Burnley, et Anni Vanhatalo. 2008. « Influence of pacing strategy on O2 uptake and exer‑359 

cise tolerance ». Scandinavian Journal of medicine and science in sport 18: 615‑26. 360 

13. Klitgaard, Kent K., Hans Rosdahl, Rene B. K. Brund, John Hansen, et Mark de Zee. 2021. « Characterization of Leg Push Forces 361 

and Their Relationship to Velocity in On‑Water Sprint Kayaking ». Sensors (Basel, Switzerland) 21 (20): 6790. 362 

https://doi.org/10.3390/s21206790. 363 

14. Limonta, Eloisa, Roberto Squadrone, Renato Rodano, Alberto Marzegan, Arsenio Veicsteinas, Giampiero Merati, et 364 

Massimiliano Sacchi. 2010. « Tridimensional kinematic analysis on a kayaking simulator: Key factors to successful perfor‑365 

mance ». Sport Sciences for Health 6 (1): 27‑34. https://doi.org/10.1007/s11332‑010‑0093‑7. 366 

15. Lopez Lopez, C., et J Ribas Serna. 2011. « Quantitative analysis of kayak paddling technique: definition of an optimal stroke 367 

profile ». Medicina del Deporte 4 (3): 91‑95. 368 

16. McDonnell, Lisa K., Patria A. Hume, et Volker Nolte. 2012. « An observational model for biomechanical assessment of sprint 369 

kayaking technique ». Sports Biomechanics 11 (4): 507‑23. https://doi.org/10.1080/14763141.2012.724701. 370 

17. ———. 2013. « Place time consistency and stroke rates required for success in K1 200‑m sprint kayaking elite competition ». 371 

International Journal of Performance Analysis in Sport 13 (1): 38‑50. https://doi.org/10.1080/24748668.2013.11868630. 372 

18. Murtagh, Misha, Darrell Brooks, Jonathan Sinclair, et Stephen Atkins. 2016. « The lower body muscle activation of intermediate 373 

to experienced kayakers when navigating white water ». European Journal of Sport Science 16 (8): 1130‑36. 374 

https://doi.org/10.1080/17461391.2016.1188993. 375 

19. Nilsson, Johnny E., et Hans G. Rosdahl. 2016. « Contribution of leg‑muscle forces to paddle force and kayak speed during 376 

maximal‑effort flat‑water paddling ». International Journal of Sports Physiology and Performance 11 (1): 22‑27. 377 

https://doi.org/10.1123/ijspp.2014‑0030. 378 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted January 24, 2023. ; https://doi.org/10.1101/2023.01.23.525293doi: bioRxiv preprint 

https://doi.org/10.1101/2023.01.23.525293


Int. J. Environ. Res. Public Health 2023, 20, x FOR PEER REVIEW 11 of 11 
 

 

20. Paizis, Christos, Charalambos Papaxanthis, Bastien Berret, et Thierry Pozzo. 2008. « Reaching beyond arm length in normal 379 

aging: Adaptation of hand trajectory and dynamic equilibrium. » Behavioral Neuroscience 122 (6): 1361‑70. 380 

https://doi.org/10.1037/a0013280. 381 

21. Pickett, Craig W., Chris Abbiss, James Zois, et Anthony J. Blazevich. 2021. « Pacing and stroke kinematics in 200‑m kayak 382 

racing ». Journal of Sports Sciences 39 (10): 1096‑1104. https://doi.org/10.1080/02640414.2020.1859242. 383 

22. Pickett, Craig W., Kazunori Nosaka, James Zois, Will G. Hopkins, et Anthony J. Blazevich. 2018. « Maximal upper‑body 384 

strength and oxygen uptake are associated with performance in high‑level 200‑m sprint kayakers ». Journal of Strength and 385 

Conditioning Research 32 (11): 3186‑92. https://doi.org/10.1519/JSC.0000000000002398. 386 

23. Therrien, M., F. Colloud, et Mickaël Begon. 2011. « Effect of stroke rate on paddle tip path in kayaking ». Movement & Sport 387 

Sciences ‑ Science & Motricité, no 75 (octobre): 113‑20. https://doi.org/10.1051/sm/2011156. 388 

24. Trevithick, Beverley a, Karen a Ginn, Mark Halaki, et Ronald Balnave. 2007. « Shoulder muscle recruitment patterns during a 389 

kayak stroke performed on a paddling ergometer. » Journal of electromyography and kinesiology 17 (1): 74‑79. 390 

https://doi.org/10.1016/j.jelekin.2005.11.012. 391 

25. Vaquero‑Cristóbal, Raquel, Fernando Alacid, Daniel López‑Plaza, José María Muyor, et Pedro a López‑Miñarro. 2013. « Kin‑392 

ematic Variables Evolution During a 200‑m Maximum Test in Young Paddlers. » Journal of human kinetics 38 (September): 393 

15‑22. https://doi.org/10.2478/hukin‑2013‑0041. 394 

 395 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted January 24, 2023. ; https://doi.org/10.1101/2023.01.23.525293doi: bioRxiv preprint 

https://doi.org/10.1101/2023.01.23.525293

