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Purpose
Athletes of kayak and canoe must have a high level of strength and power in 
the upper body and excellent muscular endurance and anaerobic capacity (1). 
Indeed, from a recent investigation, it was found that international medal-win-
ning canoe sprinters have a slightly higher average power output (Pavg) than their 
non-trophy counterparts in bench press and bench pull (2). Therefore, the aim 
of our research was to describe the power-load (P-L) relationship through a 
comprehensive incremental test in the guided eccentric-concentric bench press 
(BP), guided eccentric-concentric ballistic bench press (BBP) and guided con-
centric-only prone bench pull (PBP) in international canoeist and kayaker ath-
letes.

Methods
Nine international athletes (21,0±1,5years; 80,3±4,8kg; 183,3±4,6cm) were mon-
itored during two complementary sessions (48h apart) of a comprehensive in-
cremental testing protocol with a 5kg increase from an absolute load of 30kg to 
100kg in the BP, 15kg to 60kg in the BBP, and 30kg to 95kg in the PBP. Mean ve-
locity and average power output during the concentric phase were measured at a 
sampling frequency of 200Hz using a linear position transducer. One Repetition 
maximum (1RM). The direct measurement of 1RM in the BP and PBP was out of 
the scope of the present investigation. Therefore, if athletes had not reached their 
true 1RM during the incremental protocol, it was indirectly calculated through 
the load-velocity (L-V) relationship (3). Specifically, a function “(=TREND)” in 
Microsoft Excel including the V-LBP relationship and a minimum velocity (V1RM) 
of 0.15m/s was fitted to estimate the 1RM in the BP, while the same function in-
cluding the V-LPBP with a V1RM of 0.45m/s was used for the PBP. The 1RM for the 
BBP press was set at 80% of the maximum weight lifted in the BP (4). Calculation 
of the standardized relative load. Once obtained the 1RM (directly or estimated), 
the absolute load [kg] from 20% to 90% 1RM at each 10% interval was calculated 
to allow the comparison between and within exercises. Calculation of the pow-
er output at standardized load. Once the absolute load [kg] at the standardized 
percentage of the 1RM was obtained, the mean power output was calculated using 
the individual power-load polynomial equation obtained during the incremental 
protocol (W= a∙m2 + b∙m + c, where W indicates power in Watts and m represents 
mass in Kg). Data analysis. A two-way repeated measures ANOVA was used to 
explore differences among the different exercises and relative load from 20% to 
90% 1RM. 

Results
Sample characteristics. The subjects average one repetitions maximum (1RM) in 
the BP, PBP and BBP were, respectively: 99.2±11.1kg, 95.1±10.1kg, and 79.3±8.8kg. 
Related to their average body weight the 1RM were, respectively: 1.2±0.1kg-1, 
1.2±0.2kg-1, and 1.0±0.1kg-1. Average power-output between-exercises. PBP dis-
played a higher average power output (Pavg) from 40% to 90% 1RM compared to BP 
and BBP (p<0,0001), while no statistical difference was found between the latter at 
any load percentage (p>0,05) [Figure 1, Table 1]. Average maximum power output 
within exercises. Post-hoc analysis showed that the relative load at the maximum 
Pavg differed between exercises; 60% 1RM for the PBP, 50% 1RM for the BBP and 
40% for the BP. However, the Pavg was not statistically different (p>0.05) from 40% 

Figure 1. Results from two - way ANOVA analysis: average power output differences in different loads and exercises. A 
two-way repeated ANOVA showed significant effects of different load (p<0.0001; Figure 2.A) and exercises (p<0.0001; Fi-
gure 2.B) increasing loads is effective and differs by exercise; interaction between two factors was significant (p<0.0001).
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to 80% 1RM in the PBP, from 40% to 60% 1RM in the BBP, and from 20% to 60% 
the BP [Figure 1, Table 1].

Discussion
The main finding of our study is that in professional canoeists and kayakers the 
power-load relationship differs between PBP, BP and BBP exercises, with the high-
est average power output monitored in the PBP in comparison with both, BP and 
BBP. Our study agrees with the one carried out by Sánchez-Medina et al., using 
a strength-trained population (5). In addition, the P-L relationship of the PBP in 
Italian international paddle athletes is extremely similar to the one monitored in 
the Spanish National rowing team (6).


