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Abstract
While strong relationships between dynamic upper body strength and kayak sprint performance have been
reported in several studies, information of the causal relationship is limited. Previously, maximal bench press
and -pull has been proven strong predictors of kayak sprint performance, with bench press being of the highest
importance. The aim of this study was to investigate the effect of two different strength training programs
(bench press- and maintenance program) on a 200m kayak ergometer sprint performance. Twenty-six national
elite junior A, U23 and senior kayak paddlers (sixteen men: age 18.6 ± 4.1 years, weight 79.1 ± 7.8 kg, height
179.0 ± 5.1 cm, and ten women: age 17.0 ± 1.4 years, weight 64.9 ± 4.6 kg, height 168.5 ± 6.6 cm) were
divided into two groups, and tested (200m sprint performance, 1RM; bench press, bench pull, pull up, and
maximal repetition pull ups) before and after six weeks of strength training, concurrent with their normal onwater kayak training. The purpose of the maintenance group was to maintain strength in all exercises, while
the purpose of the bench press group was to increase maximal bench press strength. Significant differences
were found in 200m sprint performance (difference = -1.15%; p = 0.042), 1RM bench press (difference =
7.53%; p = 0.001), and 1RM bench pull (difference = 2.31%; p = 0.025) in the bench press group. No
significant differences were found for the maintenance group. In conclusion six weeks of heavy bench press
training, improved the 200m kayak ergometer sprint performance, while six weeks of maintaining strength in
press and pull resulted in no improvements for the 200m kayak ergometer sprint performance.
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Introduction
In the Olympic Program in 2012 the K1 200m kayak sprint was added (1), which require different metabolic
demands than the longer distances (2). 500 and 1000m require greater delivery from the aerobic system, while
anaerobic capacity dominates the energy contribution (63%) during a 200m kayak sprint (3). The greater
contribution from the anaerobic system results in higher demands for the anaerobic power, which can be
expressed as the maximal power per stroke, and is thereby limited by muscle strength, more specifically upper
body strength (4,5). Some of the most typical strength training exercises used in kayaking are bench pull and
-press, as they replicate the involved muscles in the paddle stroke (6), which is commonly divided in a pulland a push phase (7,8). The pull phase is when the paddle is immersed in the water until it exits, and the push
phase is when the paddle is immersed in the water on the contralateral side of the kayak until it exits the water
(8). The primary movers in the pull phase, found by Logan et al., are m. latissimus dorsi, m. teres major and
minor, m. posterior deltoid and m. infraspinatus (8), which is in agreement with the primary muscles involved
in bench pull (9). In the press phase, the primary movers are m. pectoralis major, m. anterior deltoid and m.
triceps brachii (8), which are in agreement to the muscles involved in bench press (10,11).
Relationships between dynamic strength and 200m on-water kayak sprint performance has previously been
reported in several studies (1,12–14). Pickett et al. revealed a strong negative relationship between 3RM bench
press (r = -0.8), bench row (r = -0.76), and chin-up (r = -0.73) in relation to a 200m sprint performance,
measured in seconds, indicating that athletes with greater muscle strength had the fastest sprint times. (12)
Likewise, Akca et al. found a non-significant moderate negative relationship between 1RM bench press and a
200m sprint performance (r = -0.51) (13). Further, van Someren et al. reported a moderate negative relationship
between dynamic strength, executed on a dynamometer positioned to simulate a paddle stroke, and a 200m
sprint performance (r = -0.57; p = 0.013). (15) To the best of our knowledge, there are no studies showing
contradicting results in the literature compared to the above-mentioned results, which indicates that the athletes
with the greatest upper body strength show superior kayak sprint performance times. In general, maximal
bench press and -pull strength has shown strong correlations to kayak sprint performance. However, there has
been limited information concerning the importance of different strength qualities in relation to the prediction
of a kayak sprint performance. Therefore, in an unpublished work by the present authors, the impact of
different strength qualities (power (50% of 1RM), isometric, 1RM, and 40s maximal repetition (40% of 1RM))
of bench press and -pull in the prediction of a 30s on-water kayak sprint performance, was investigated on 33
national elite junior and U23 kayak paddlers. Partial least squares regression analysis showed, that 1RM bench
press was the best predictor, and of highest importance for a 30s on-water kayak sprint performance, compared
to the other strength qualities, where 1RM bench pull was second highest. (16) As above-mentioned studies
are cross sectional studies, a causal relationship between upper body strength training and kayak sprint
performance can therefore not be inferred. This has only been reported by Liow & Hopkins (17). They
investigated the effect of slow and explosive strength training on a 15m kayak sprint, where the training
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program consisted of bench press and dumbbell pull. Both training groups improved 1RM strength (8-15%),
while the slow strength training group had a greater improvement in 15m sprint time (3.4 ± 1.3%) than the
explosive strength training group (2.3± 0.9%). No improvement was found in the control group (-0.2 ± 0.9%).
(17) Even though a causal relationship was reported between improved strength and sprint performance, the
main purpose was to investigate the difference in 15m sprint performance after the two strength training types,
which may not be transferable to a 200m sprint performance. Further, both bench press and -pull were
improved, which makes it challenging to tell if there is an effect on kayak sprint performance from enhanced
bench press or -pull separately.
Causal relationships have previously been found between strength and performance in other sports disciplines.
In a study by Styles et al., the effect of six weeks squat training (85-90% 1RM) on running sprint performance
in elite soccer players was investigated. The strength training resulted in significant improvements in absolute
and relative strength (p ≤ 0.001) and an improvement on 20m running sprint performance (pre: 3.09 ± 0.07 s,
post: 3.05 ± 0.05 s, p ≤ 0.001). These results indicate that maximal squat strength enhanced running sprint
performance in soccer players, highlighting the importance of developing maximal strength to improve short
running sprint performance. (18) Veliz et al. investigated the effect of 18 weeks of heavy upper body strength
training on a 20m swimming sprint, among other parameters, and found a significant decrease in sprint time
for the training group, while both groups did the same in-water training. (19) Aspenes et al. investigated the
effect of heavy upper body strength training on 100 and 400m crawl performance in swimmers, respectively.
The strength training consisted of heavy cable straight-arm lat pull down. While no significant effect on the
100m sprint performance was found, the swimmers improved the 400m sprint performance approximately
1.3% (p < 0.05). (20) Strass studied the effect of maximal upper body strength training on crawl performance
in competitive swimmers at 25 and 50m respectively. Improvements in performance where found (25m; 4.4
±1.3% (p < 0.001), and 50m; 2.1 ± 0.4% (p < 0.001)) after only six weeks of training. (21) The abovementioned results indicate causal relationships between improvements in strength and performance for athletes
in their primary sport.
However, while several studies show high relationships between kayak sprint performance and maximal upper
body strength (1,12,13,15), there is limited evidence regarding the causal relationship, in regard to kayak sprint.
As mentioned above, previously unpublished research has found maximal bench press strength (1RM) as being
of high importance for a 200m kayak sprint performance. Therefore, the aim of this study was to investigate
the effect of two different strength training programs (a bench press- and a maintenance program) on a 200m
kayak ergometer sprint performance. The purpose of the bench press program was to enhance the maximal
bench press strength (1RM), while the purpose of the maintenance program was to maintain maximal strength.
It was hypothesized that enhanced maximal bench press strength would improve a 200m kayak ergometer
sprint performance.
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Methods
Twenty-six national elite junior A, U23, and senior kayak paddlers (sixteen men: age 18.6 ± 4.1 years, weight
79.1 ± 7.8 kg, height 179.0 ± 5.1 cm, and ten women: age 17.0 ± 1.4 years, weight 64.9 ± 4.6 kg, height 168.5
± 6.6 cm) from three regional kayak centers (Talentcenter Hovedstaden, Super Kraftcenter Silkeborg and Kano
og Kajakklubben Limfjorden) with at least one year experience with free weight strength training, participated
in this study. The participants were informed about the procedure of the study before providing their written
informed consent. Parental or guardian consent was required for the participants under 18 years. The
participants were tested (200m ergometer sprint, 1RM; bench press, bench pull, pull up, and maximal
repetitions pull ups) before and after a six weeks strength training intervention. All tests were executed on the
same day, in the same order for every participant at both pre- and post-testing. Participants were divided into
two groups, a bench press group, and a maintenance group. Groups were stratified randomized, in relation to
kayak center, gender, and maximal bench press strength, to make as homogeneous groups as possible. The
purpose of the bench press group was to increase the maximal bench press strength and maintain the strength
in the other exercises, while the purpose of the maintenance group was to maintain the strength in all exercises.
This was done to analyze the differences in 200m ergometer sprint performance in a group with an increased
maximal bench press strength compared with a similar group with no increase in maximal bench press strength.
Both groups followed their normal kayak training routine, consecutively to the strength training.

Test protocol
Prior to the tests, a standardized ergometer warm-up was performed (table 1). Test protocol consisted of a
200m kayak ergometer sprint test, followed by a 40min rest after which strength tests were conducted,
consisting of 1RM bench press, 1RM bench pull, 1RM pull up, and maximal repetitions pull ups.
Table 1: Standardized ergometer warm-up before the strength test. I2 = medium intensity. DS = double strokes

Ergometer sprint test: The ergometer sprint test was conducted on a Dansprint kayak ergometer (Dansprint
PRO kayak ergometer, Dansprint ApS, Hvidovre, Denmark) and consisted of a 200m all out sprint. Drag was
regulated in relation to sex and age and the same drag was used at both pre- and post-test. The participants
were instructed to paddle all out from the start. A computer was connected to the ergometer and time (s) was
recorded.
Strength tests: Prior to both bench press and –pull tests, participants performed four submaximal warm-up
sets, consisting of 10, 8, 4, and 2 repetitions, respectively, with 50, 70, 80, and 90% of the participants’
estimated 1RM, respectively. Each warm-up set was followed by a 2min rest. The estimated 1RM was
calculated using a website-based calculator (22), which calculates an average estimation from several formulas
(23). The test setup for the 1RM bench press consisted of a bench press rack and barbell. The press was
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accepted when head and buttock was kept in the bench throughout the press and the feet had contact to the
floor. The barbell should be lowered down and touch the chest, without bouncing, and pressed up in fully
extended arms. The test setup for the 1RM bench pull consisted of a prone pull bench and a barbell. The height
of the bench was adjusted, so the participants could grab the barbell with extended elbows while the barbell
laid on the ground. The pull was accepted when the barbell touched the underside of the bench and the head
was held in the bench. The setup for the pull up tests consisted of a pull up bar. For the 1RM test, a weight belt
and chalk were used. The participants grabbed the bar with shoulder width or slightly wider grip. A repetition
was accepted if the chin was raised over the bar, and the participants did not kick or in other way created
momentum with the legs. Further, the arms should be fully extended before the concentric phase. For the 1RM
pull up test a specific warm-up protocol was performed, similar to the warm-up for 1RM bench press and -pull
in proportion to repetitions, intensity, and rest between sets. If the participants estimated that they were able to
perform more than 12 repetitions with bodyweight, they started the warm-up by performing 8-10 repetitions
with only bodyweight, otherwise, they started the warm-up by performing cable lat pulldowns, similar to the
intensity, reps, and rest as the other maximal tests. The intensity was increased, and repetitions decreased for
every warm-up set. The participants had three trials to reach 1RM separated by 3min rest for every 1RM test.
If the three trials succeeded with progression, the participants were given additional trials, until they were not
able to progress anymore. Maximal repetitions pull ups test was executed 15min after the 1RM pull up test,
and chalk was used. The aim was to perform as many repetitions as possible. Verbal encouragement was given
during maximal attempts.
Training protocol
RPE: In the training programs, the intensity was indicated by a rate of perceived exertion (RPE) and refers to
how high the intensity is in relation to the maximal capacity. The RPE indicates the number of repetitions the
participants should be able to lift additionally after a set was done when RPE is subtracted from 10. I.e. an
RPE at 8 would give 2 repetitions extra capacity when the set is done (10-8=2).
Bench press group: Participants in the bench press group had three strength training sessions a week besides
their normal on-water kayak training. The main focus was the bench press, and every training session consisted
of 6 to 9 sets of 1 to 6 repetitions of heavy bench press (RPE = 7-9), with at least 3 to 4min rest between sets.
Progression was made by increasing the weight and decreasing the repetitions throughout the weeks.
Additionally, the strength training consisted of 3 to 4 sets of 8 to 10 repetitions (RPE = 7-8) of split squats and
reverse flyers or bench pull and one arm shoulder press (table 2).
Maintenance group: Participants in the maintenance group had two similar strength trainings a week besides
their normal on-water kayak training. Every strength training consisted of 3 to 4 sets of 8 to 12 repetitions
(RPE = 6-7). The strength training program consisted of split squats, bench pull, bench press, reverse flyers,
one arm shoulder press, and one arm lateral pull down (table 3).

5

Table 2: Strength training program for the bench press group, for all six weeks of training
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Table 3: Strength training program for the maintenance group, for all six weeks of training, performed two times per
week.
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Strength training was supervised two times a week to ensure correct technique and compliance to the training
program, and the participants were encouraged to use a handed-out logbook to note kg for every set, to use
during training sessions. Further, an illustration and description of every exercise was available in all three
kayak centers. The total weekly volume in bench press and -pull training for both groups is illustrated in figure
1.

Figure 1: Total training volume per week in (A) bench press and (B) bench pull, for both the bench press group and the maintenance
group, throughout the six week of training.
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Statistical analysis
Statistical analysis was executed in SPSS (version 25). Shapiro-Wilk test was used to test for normal
distribution. Mann-Whitney U Test (Independent Samples) was used to test if the groups were statistically
different from each other for all five variables (200m sprint performance, 1RM bench press, 1RM bench pull,
1RM pull up, and maximal repetition pull ups) pre- and post-testing. Paired-Samples T-test was used to detect
the difference between pre and post-test for the normally distributed variables and a Wilcoxon test (Related
Samples) was used to test the difference between pre and post-test for the variables that were not normally
distributed. Spearman correlations were made for bench press and -pull, in relation to 200m ergometer sprint
performance. Effect size and achieved power for bench press and -pull, in relation to 200m ergometer sprint
performance were calculated using G*power (version 3.1.9.3). Alpha-level was set to 0.05, beta-level was set
at 0.2.

Results
Five participants were excluded because of personal issues unrelated to the study, and one participant was
excluded due to equipment difficulties at the post test. 20 participants were used in the statistical analysis.
Mean and standard deviations (SD) prior to the intervention for the two groups are shown in table 4. MannWhitney U test showed no significant differences between groups in any variable prior to the intervention.
Table 4: Mean, standard deviation (SD), and p-value for the difference between groups in all the variables, prior to the intervention.

Descriptive data, differences from pre to post test in percent and p-values of the differences within- and
between groups are presented in table 5, for all five tests, for both groups (mean ±SD). For the maintenance
group, no significant differences were found in any of the five variables; 200m sprint performance (difference
= -0.15%; p = 0.893), 1RM bench press (difference = 1.34%; p = 0.408), 1RM bench pull (difference = 1.37%;
p = 0.349), 1RM pull ups (difference = 4.76%; p = 0.442), and maximal repetitions pull ups (difference =
6.31%; p = 0.416). For the bench press group significant differences were found in 200m sprint performance
(difference = -1.15%; p = 0.042), 1RM bench press (difference = 7.53%; p = 0.001), and 1RM bench pull
(difference = 2.31%; p = 0.025). No significant differences were found in 1RM pull ups (difference = 1.14%;
p = 0.667) and maximal repetitions pull ups (difference = 1.98%; p = 0.591). No significant differences were
seen between groups in any variable post-testing.
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Table 5: Mean, SD, difference in percent from pre to post, and p-values of the differences within- and between groups, for
all the variables * = significant difference between pre- and post-test.

Individual values in sprint performance (A), 1RM bench press (B), and 1RM bench pull (C) for the bench press
group are illustrated in figure 2, as this was the only variables showing significant differences after the
intervention.
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Sprint performance (s)

A

Sprint performance for the bench press group (pre-post)
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1RM bench press (kg)
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Figure 2: Individual values for 200m kayak ergometer sprint (A), 1RM bench press (B), and 1RM bench pull (C) at pre- and
post-testing for the bench press group.
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Effect size and power is presented in table 6. For the bench press group, small effect sizes (effect size < 0.30)
were seen for 1RM pull ups and maximal repetitions pull ups, medium effect sizes (effect size = 0.3 – 0.5)
were seen for 200m kayak ergometer sprint performance (effect size = 0.46) and 1RM bench pull (effect size
= 0.43), and large effect size was seen for 1RM bench press (effect size = 1.09). For the maintenance group,
small effect size was seen for 200m kayak ergometer sprint (effect size = 0.06) and medium effect sizes where
seen for 1RM bench press (effect size = 0.36), 1RM bench pull (effect size = 0.41), 1RM pull ups (effect size
= 0.30) and maximal repetitions pull ups (effect size = 0.35).
A strong power value was seen for 1RM bench press (power = 0.96), while all other variables showed low
power values (bench press group: 200m kayak ergometer sprint performance; power = 0.36, 1RM bench pull;
power = 0.31, 1RM pull ups; power = 0.07, maximal repetitions pull ups; power = 0.06, maintenance group:
200m kayak ergometer sprint performance; power = 0.05, 1RM bench press; power = 0.11, 1RM bench pull;
power = 0.13, 1RM pull ups; power = 0.09, maximal repetitions pull ups; power = 0.11).
Table 6: Effect size and power for 200m kayak sprint, 1RM bench press, 1RM bench pull, 1RM pull ups and maximal
repetitions pull ups for bench press- and maintenance group.

Spearman correlation coefficients for the differences in pre and post values, measured in percent, for both 1RM
bench press and -pull in relation to 200m kayak ergometer sprint performance for the bench press group are
presented in table 8. Significant moderate correlation of the differences in percent was found for 1RM bench
press in relation to 200m kayak ergometer sprint performance (-0.467; p = 0.019) while a non-significant
moderate correlation was found for 1RM bench pull in relation to 200m kayak ergometer sprint performance
(-0.360; p = 0.060).
Table 7: Correlation coefficients of 1RM bench press and 1RM bench pull in relation to 200m kayak sprint for the bench
press group
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Discussion
The aim of this study was to investigate the effect of two different strength training programs on a 200m kayak
ergometer sprint performance. The purpose of the training intervention was to increase the maximal bench
press strength in the bench press group and maintaining the strength in the other strength tests, while the
purpose of the maintenance group was to maintain the strength in all the strength tests. This was done to
investigate the effect of increased maximal bench press strength on a 200m kayak ergometer sprint
performance, isolated from other strength variables. Results showed significant improvements for the bench
press group in 200m kayak ergometer sprint performance, 1RM bench press and 1RM bench pull, with no
significant differences in the 1RM pull up or maximal repetitions pull ups tests. No significant changes
occurred in any of the tests in the maintenance group (table 5).
Results are in agreement with recent research showing relationships between maximal strength and kayak
sprint performance (1,12–14). In previous research, the causal relationship between enhanced strength and
kayak sprint performance has only been investigated by Liow & Hopkins, who found similar improvements in
a 15m kayak sprint performance, in addition to enhanced maximal upper body strength. As the kayak is
accelerating during the paddle stroke, an increase in maximal strength will allow the athlete to overcome
greater resistance, which may lead to an enhanced rate of force development (12). Rate of force development
is described as the ability to rapidly develop muscular force and is defined as the Δforce per Δtime. It has been
suggested, that explosive movements with different time spans are influenced by different physiological
parameters, e.g. muscle fiber type, maximal muscle strength, and neural drive to the muscle. (24) In a study
by Andersen & Aagaard the relationship between the voluntary contractile rate of force development in
different time intervals, from the onset of contraction in relation to maximal muscle strength, was investigated
on m. vastus lateralis. The primary findings were that explosive muscle strength became increasingly more
dependent on maximal strength, as the time from the onset of contraction increased. (24) In a review by
McDonnell et al., the relationships between kayak velocity and different kinematic variables were investigated.
where a stroke was defined from the start of the pull phase, to the start of the pull phase on the contralateral
side of the kayak paddler. Stroke time is divided into a water phase time, where the paddle is immersed in
water, and an aerial phase time, when the paddle is not in contact with the water. Relative water phase time
varied from 50% to 65% of the total stroke time, and while a strong negative relationship was found between
average water phase time and average kayak velocity (r = -0.83, p < 0.05), longer relative water phase time
has been suggested to be associated with better performance. (25) In the present study, the average stroke rate
during the 200m kayak ergometer sprint was 138±13 strokes per minute (post-testing), resulting in an average
stroke time at ~440ms per stroke. According to McDonnel et al., the relative water phase time of the stroke
during a 200m kayak performance for elite kayak paddlers is in average 55%, calculated from several studies
in the review. This means it will take ~240ms to drag the paddle trough the water. In addition to Andersen &
Aagaard, this is in agreement with maximal strength being of high importance in the stroke, because of the
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long contraction time. Furthermore, this supports the findings from unpublish work by the authors, who found
that maximal strength, measured on 1RM, had the highest influence on a 30s on-water kayak sprint
performance compared to other strength qualities (16).
Effect size describes the effectiveness of the strength training program and is a way to quantify the magnitude
of the difference between pre and post for the kayak ergometer sprint and strength tests. The highest effect size
was found for 1RM bench press (effect size = 1.09), demonstrating the greatest improvement in bench press
(table 6). Further, the power describes the probability of making a type 2 error. The highest power was likewise
found for 1RM bench press (Power = 0.96) and explains that there was a 4% probability for a type 2 error,
with 69% for bench pull, being the second highest. In the present study, a low power in bench pull is expected,
as the purpose for both groups were to maintain maximal strength in bench pull. Further, the power for the
sprint test was small, which might be due to the relatively small changes in sprint time and a larger sample size
might provide a stronger power for the data. Values for effect size and power suggests that the bench press
have had the highest influence on the improvement in sprint performance for the bench press group, in the
present study. Further, a moderate association between relative changes in 1RM bench press and 200m kayak
ergometer sprint performance was found (r = -0.467; p = 0.019), while a non-significant moderate association
was found between relative changes in bench pull and 200m kayak ergometer sprint performance (r = -0.360;
p = 0.060), which further support enhanced bench press being of higher importance in the improvements in
sprint performance (table 7). This is in agreement with an unpublished study by the present authors, where
partial least squares regression analysis showed the highest regression coefficient for 1RM bench press,
meaning 1RM bench press was the best predictor of the kayak sprint performance. (16) It is suggested by Mann
& Kearney, that the most horizontal acceleration of the kayak, is when the paddle is in a vertical position (7).
As a consequence, rapidly entering the paddle in this position, after immersion in water, and hold this for as
long as possible in the paddle stroke, would be most effective (7). Though, this may not apply to ergometer
sprint, due to biomechanical differences as the ergometer might not be affected by the angle of the paddle
during the pull. In a study by Fleming et al. EMG, stroke force and 2D kinematic data during on-water and onergometer kayaking where compared. For both tasks, time to peak of the stroke was found to occur at the same
time as the shaft entered a vertical position, though this happened earlier on the ergometer, than in the paddle
stroke on-water. However, it was found that kayak ergometer does not fully replicate the biomechanical
demands for on-water performance, as muscle activity and force generation significantly differs between onergometer and on-water (26). A strong press segment in the stroke, which involves the same muscles as the
bench press (10,11), is needed to quickly reach a vertical position of the paddle (7). It could be argued that a
strong press segment would further affect the paddle with more force, which will create a greater moment over
the draw hand, as the formula for moment is moment = force * distance from the pivot. In kayaking, the
distance will be from the press hand to the draw hand. As this distance is greater than the distance from the
draw hand to the water, an increase in bench press might have a greater impact on the moment over the draw

14

hand and thus affecting the water with greater force in the stroke, as force is multiplied by a greater factor. In
a study by Timofeev et al., EMG analysis was made on m. latissimus dorsi, m. pectoralis major and m. biceps
brachii of Olympic and World championship kayakers on a 1000m on-water kayak distance. The results
showed strong intermuscular coordination of the contralateral musculature during both the press- and pull
phase. (27) This intermuscular coordination allows the kayak paddler to stabilize the upper-body and thereby
transfer force from leg, hip, core, and shoulder girdle rotation, to the paddle, and enhance the propulsive force
of the kayak (12). In heavy bench press, the ability to produce force through intermuscular coordination is
necessary to keep the intra-abdominal tension (28), and may therefore be transferable to the kayak sprint.
Above-mentioned may be in agreement with bench press being of high importance to the paddle stroke, as it
results in a stronger press phase, and because of the great intra-abdominal tension.
As seen in figure 1B, the maintenance group had a greater volume of bench pull training throughout the week
than the bench press group. However, while the maintenance group did not significantly improve 1RM bench
pull, a significant improvement of 2.31% was seen for the bench press group, which might indicate some
transferability between the two exercises. It has been shown, that the acute hormonal response from strength
training is dependent on the total trained muscle mass, intensity and volume (29,30). As bench press is an
exercise that involves a great amount of muscle mass, the high volume and intensity might have contributed
to a greater hormonal response for the bench press group, than the maintenance group. Further, m. latissimus
dorsi, which is one of the main muscles involved in bench pull (8), is suggested to play an important role in
bench press, as a stabilizer (31). These factors may have played a role in the increased 1RM bench pull strength
for the bench press group, even though this was not the intention of the strength training program.
After the intervention, inter-individual differences in maximal strength gain was found, even though
participants in each group followed the same strength training program. The strength gain in maximal bench
press for the bench press group ranged between 0 - 21.4% (mean: 8.0% ± 5.9%), which indicate that they had
different responses to the strength training. In other studies, inter-individual differences following strength
training have also been found (32,33). Marshall et al. investigated the effect of six weeks of squat exercise
(80% of 1RM) with either one, four, or eight sets of repetition to failure performed twice a week, on three
groups of strength trained participants. The group with eight sets, improved the 1RM squat strength more than
the other groups (p < 0.05). After the intervention, participants were sub-divided as either high, medium, or
low strength responders (%increase in bodyweight-normalized squat strength), with all sub-groups present in
both the one-, four-, and eight sets training group. No differences were seen in training experience, age, body
weight, lean body mass, relative body fat, thigh and leg length, squat strength, muscle activation, rate of force
development, and energy intake between the sub-groups at baseline test, suggesting that other factors
contributed to the individual strength gains. (32) Results from Balshaw et al. showed a moderate negative
correlation (r = -0.429, p = 0.023) between pre-training strength and the percentage change in maximal
voluntary isometric contraction in knee extension after 12 weeks of strength training. This means that the
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participants with lower pre-training strength increased maximal voluntary contraction relatively more than the
participants with greater pre-training strength, and it is pointed that pre-training strength plays a role in the
strength responses after a training period. (33) Other factors that could have contributed to the inter-individual
differences, is the intensity of which the individual training was executed. The intensity for each set throughout
the intervention was the same for all participants, but the perception of how many repetitions each participant
had in reserve could be different. During the supervision of the strength training, the participants were
encouraged to notice the specific RPE, and adjust the weight on the barbell accordingly, to secure the correct
intensity.
When evaluating sprint performance in sports, time or distance is often used as measurements. In the present
study, the kayak performance was measured on a 200m sprint, as this is now an Olympic distance. According
to Gastin, who reviewed the anaerobic and aerobic contribution during maximal exercise in different sports,
the longer the duration, the greater percentage of the energy is delivered from the aerobic system (2).
Consequently, the energy delivered by the anaerobic system, at the 200m sprint distance, may be greater for
the faster athletes. Time of the pre 200m sprint performance varied from 39.2 to 52.2s, which results in
contributions from the anaerobic system between 55 and 73% (2). In theory, participants who had a longer
sprint time, may be more dependent on maximal aerobic power (VO2max), which is limited by the
cardiorespiratory system. (4) To take this into account, A Mann Whitney U test was used to test for statically
significant differences in sprint time between groups, prior to the intervention (table 4). In future studies, sprint
test could be executed on a fixed time to ensure as similar aerobic/anaerobic contribution as possible for all
athletes. In the Olympic games in Rio in 2016, the winning time in the K1 200m sprint was 35.197s for men
and 39.864s for women, and a fixed time could be set at 35s for men and 40s for women, to more accurately
imitate the same energy contributions which are required for the best paddlers in the world.
In relation to assessing performance in sports, it is optimal to test in the natural environment and under
competing conditions. However, as testing took place in February, it was challenging to make a standardized
set-up for evaluating a 200m on-water sprint performance because of factors such as water- and air
temperature. In kayaking, ergometry systems have been shown to provide a valid representation of the
kinematics and physiological demands of the sports, and therefor gives a reliable alternative for performance
testing. (34) Further, in un-published work by the authors, a strong correlation (r = 0.853) was found between
a 30s ergometer and on-water sprint performance. Therefore, a kayak ergometer was implemented in the
present study design.
In the present study, the participants’ strength training was supervised, in a specific timespan, two days a week.
However, not all participants executed the strength training in this time period, because of personal matters
such as work or school, and instead trained in another time of day or another day. In total, 111 of 341 training
sessions were supervised during the intervention. During unsupervised training, it is unclear to the authors, if
the program has been followed, though, participants reported that every training has been followed, with the
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right intensity and volume, with no additional strength training. Further, the participant’s normal kayak training
was not controlled or supervised, and it is therefore unclear if a part of the improvements in sprint comes from
an increase in normal kayak training volume or intensity. However, the participants were divided into two
training groups, with the same percentage of participants from each kayak center in each group, to make up
for possible differences in normal kayak training regimes between kayak centers.
In conclusion, six weeks of heavy bench press training, improved the 200m kayak ergometer sprint
performance, while six weeks of maintaining strength in bench press and -pull resulted in no improvements
for the 200m kayak ergometer sprint performance. Results are in agreement with the hypothesis that increased
maximal bench press strength will result in improved 200m kayak ergometer sprint performance. From this
study it cannot be ruled out, if an enhancement in only 1RM bench press or -pull strength, isolated, will improve
a 200m kayak ergometer sprint performance, as significant differences were shown in both exercises.

Practical application
In kayaking, strength training is a common component of training and preparation to competition, and sports
scientists and coaches aim to select training with the highest probability of improving an athlete’s performance.
From the present study it has been highlighted that 200m sprint kayak paddlers should focus on enhancing
maximal bench press and -pull to improve 200m kayak performance. Even though, the participants of the
present study demonstrated improvements in maximal bench press strength of 7.52% ± 5.9% on average,
athletes following the same protocol might not experience the same improvements, due to different
physiological factors or training experience, and therefor training protocols should always be adapted to the
individual athlete.
In the Olympic Games in Tokyo in 2020, K4 500m will be a competing discipline, and future research would
be relevant to investigate the demands of different strength qualities in addition to performance in this distance.
Using video of the men’s K4 500m finals in the World Cup 2019, the average stroke rate of the participating
teams was counted, by the present authors, to approximately 140 strokes per minute. As the stroke rate in K4
500m is very similar to the average stroke rate seen in the present study, it is relevant to consider that maximal
bench press and -pull strength might have a high importance in performance, as it has been shown for the 200m
kayak ergometer sprint.

Acknowledgements
This study was done in association with Aalborg University, with support from Team Danmark. The authors
would like to thank supervisor Mathias Vedsø Kristiansen and assistant supervisor Kent Kongsøre Klitgaard.
Further, the present study could not have been conducted without the athletes from Kraftcenter Hovedstaden,
Super Kraftcenter Silkeborg, and Kano og Kajakklubben Limfjorden.

17

References
1.

McKean MR, Burkett BJ. The influence of upper body strength on flat-water sprint kayak performance
in elite atlhetes. Int J Sport Physiol Perform. 2014;9(4):707–14.

2.

Gastin PB. Energy System Interaction and Relative Contribution During Maximal. Sport Med.
2001;31(10):725–41.

3.

Van Someren KA, Palmer GS. Prediction of 200-m kayaking performance. Can Soc Exerc Physiol.
2003;28(4):505–17.

4.

Šmída M, Clementis M, Hamar D, Macejková Y. Relation between Maximal Anaerobic Power Output
and Tests on Rowing Ergometer. Acta Fac Educ Phys Univ Comenianae. 2017;57(1):68-75a.

5.

Alpaslan G, Bekır T, Adela B. The effects of three different type of exercises on aerobic and anaerobic
power. Phys Educ students. 2017;21(4):152.

6.

García-Pallarés J, Sánchez-Medina L, Carrasco L, Díaz A, Izquierdo M. Endurance and neuromuscular
changes in world-class level kayakers during a periodized training cycle. Eur J Appl Physiol.
2009;106(4):629–38.

7.

Mann R V., Kearney JT. A biomechanical analysis of the Olympic-style flatwater kayak stroke. Med
Sci Sports Exerc. 1980;12(3):183–8.

8.

Logan SM, Holt LE. The flatwater kayak stroke. NSCA J. 1985;7(5):4–11.

9.

Downing JH, Lander JE. Performance Errors in Weight Training and Their Correction. J Phys Educ
Recreat Danc. 2002;73(9):44–52.

10.

Pearson SN, Cronin JB, Hume PA, Slyfield D. Kinematics and kinetics of the bench-press and benchpull exercises in a strength-trained sporting population. Sport Biomech. 2009;8(3):245–54.

11.

Sánchez-Medina L, González-Badillo J, Pérez C, Pallarés J. Velocity- and Power-Load Relationships
of the Bench Pull vs. Bench Press Exercises. Int J Sports Med. 2014;35(03):209–16.

12.

Pickett CW, Nosaka K, Zois J, Hopkins WG, J A, Blazevich. Maximal Upper Body Strength and
Oxygen Uptake are Associated with Performance in High-Level 200-M Sprint Kayakers. J Strength
Cond Res. 2017;32(11):3186–92.

13.

Akca F, Muniroglu S. Anthropometric-Somatotype and Strength Profiles and On-Water Performance
in Turkish Elite Kayakers. Int J Appl Sport Sci. 2008;20(1):22–34.

14.

Uali I, Herrero AJ. Maximal strength on different resistance training rowing exercises predicts start
phase performance in elite kayakers. Strength Cond Res. 2012;26(4):941–6.

15.

Van Someren KA, Palmer GS. Prediction of 200-m Sprint Kayaking Performance. Can J Appl Physiol.

18

2009;28(4):505–17.
16.

Hansen GS, Jørgensen P, Pedersen ASK. Importance of different upper body strength qualities in
prediction of 15s and 30s on-water kayak sprint performance.

17.

Liow DK, Hopkins WG. Velocity specificity of weight training for Kayak Sprint performance. Med
Sci Sports Exerc. 2003;35(7):1232–7.

18.

Styles WJ, Mathews MJ, Comfort P. Effects of strength in training on squat and sprint performance in
soccer players. J Strength Cond Res. 2016;30(6):1534–9.

19.

Veliz RR, Requena B, Suaresz-Arrones L, Newton RU, de Villarreal ES. Effects of 18-week in-season
heavy resistance and power training on throwing velocity, strength, jumping, and maximal sprint swim
performance of elite water polo players. Fac Sport. 2014;28(4):1007–14.

20.

Aspenes S, Kjendlie PL, Hoff J, Helgerud J. Combined strength and endurance training in competitive
swimmers. J Sport Sci Med. 2009;8(3):357–65.

21.

Strass D. Effects of Maximal Strength Training on Sprint Performance of Competitive Swimmers. Int
Ser Sport Sci. 1987;vol 18(Swimming Science V. Champaign, IL: Human Kinetics):149–56.

22.

All things gym. Rep Max Calculator [Internet]. Available from: https://www.allthingsgym.com/repmax-calculator/

23.

LeSuer DA, HcCormick JH, Mayhew JL, Wasserstein RL, Arnold MD. The Accuracy of Prediction
Equations for 1-RM Performance in the Bench PRess, Squat, and Deadlift. J Strength Cond Res.
1997;11(4):211–3.

24.

Andersen LL, Aagaard P. Influence of maximal muscle strength and intrinsic muscle contractile
properties on contractile rate of force development. Eur J Appl Physiol. 2006;96(1):46–52.

25.

Mcdonnell LK, Hume PA, Nolte V. A deterministic model based on evidence for the associations
between kinematic variables and sprint kayak performance. Sport Biomech. 2013;12(3):205–20.

26.

Fleming N, Donne B, Fletcher D, Mahony N. A biomechanical assessment of ergometer task specificity
in elite flatwater kayakers. J Sport Sci Med. 2012;11(1):16–25.

27.

Timofeev V, Gorodetsky K, Sokolov A, Shklyaruk S. Energetic, biomechanical, and electromyographic
charakteristics of elite kayakers and canoeists. Curr Res Sport Sci an Int Perspect. 1996;191–7.

28.

Kristiansen M, Madeleine P, Hansen EA, Samani A. Inter-subject variability of muscle synergies
during bench press in power lifters and untrained individuals. Scand J Med Sci Sport. 2015;25(1):89–
97.

29.

Rønnestad BR, Nygaard H, Raastad T. Physiological elevation of endogenous hormones results in

19

superior strength training adaptation. Eur J Appl Physiol. 2011;111(9):2249–59.
30.

Hansen S, Kvorning T, Kjaer M, Sjogaard G. The effect of short-term strength training on human
skeletal muscle: the importance of physiologically elevated hormone levels. Scand J Med Sci Sport.
2001;11(6):347–54.

31.

Stastny P, Gołaś A, Blazek D, Maszczyk A, Wilk M, Pietraszewski P, et al. A systematic review of
surface electromyography analyses of the bench press movement task. 2017;1–16.

32.

Marshall PWM, McEwen M, Robbins DW. Strength and neuromuscular adaptation following one, four,
and eight sets of high intensity resistance exercise in trained males. Eur J Appl Physiol.
2011;111(12):3007–16.

33.

Balshaw TG, Massey GJ, Maden-Wilkinson TM, Morales-Artacho AJ, McKeown A, Appleby CL, et
al. Changes in agonist neural drive, hypertrophy and pre-training strength all contribute to the individual
strength gains after resistance training. Eur J Appl Physiol. 2017;117(4):631–40.

34.

Michael JS, Rooney KB, Smith RM. The dynamics of elite paddling on a kayak simulator. J Sports Sci.
2012;30(7):661–8.

20

