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In sprint kayaking the role that paddling technique plays in optimizing paddle forces and resultant kayak kinematics is still
unclear. The aim of this study was to analyze the magnitude and shape of the paddle force—time curve at different stroke rates,
and their implications for kayak performance. Ten elite kayak paddlers (5 males and 5 females) were analyzed while perform-
ing 2000-m on-water trials, at 4 different paces (60, 80, and 100 strokes per minute, and race pace). The paddle and kayak were
instrumented with strain gauges and accelerometers, respectively. For both sexes, the force—time curves were characterized at
training pace by having a bell shape and at race pace by a first small peak, followed by a small decrease in force and then followed
by a main plateau. The force profile, represented by the mean force/peak force ratio, became more rectangular with increasing
stroke rate (F[3,40] = 7.87, P < .01). To obtain a rectangular shape to maximize performance, kayak paddlers should seek a
stronger water phase with a rapid increase in force immediately after blade entry, and a quick exit before the force dropping far
below the maximum force. This pattern should be sought when training at race pace and in competition.
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In sprint kayaking, due to changes in the magnitude of the
force applied by the paddler, there is an intracyclic variation of the
kayak’s forward acceleration during each paddle stroke. To create
forward acceleration, the paddler has to produce a force greater than
the aerodynamic and hydrodynamic drag.! A kayaker’s efficiency
in generating propulsive forces is therefore a key determinant of
success.? Therefore, in terms of biomechanical testing, the force
applied to the blade should be the prime variable measured in elite
kayaking, together with performance indicators such as boat speed.’

The magnitude and shape of paddle force—time curve variables
determine the kayak acceleration and, consequently, the kayaking
performance.'# Although the importance of these variables has not
been investigated in studies of kayaking, the relationship between
the shape of the force—time curve and performance has been recog-
nized in rowing studies. Millward> showed that maintaining a force
close to the peak force (Fpeq), from entry to paddle exit, is achieved
by minimizing the speed variations of the kayak. Thus, the optimal
force profile is rectangular rather than triangular. Further, for a given
time of force application and maximum force achievable, given the
constraints of the frontal area of the blade,® the greatest impulse is
achieved when the force is at its maximum throughout the period
of force application (ie, a rectangular force profile).

Combined analyses of paddle force and kinematics have been
conducted on a kayak ergometer,’” but conclusions were limited by
the fact that the performance did not fully replicate on-water condi-
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tions. Studies of on-water paddling kinetics have been performed,>#
but were focused mainly on procedures and methods rather than
on data analysis and discussion of force profiles.

The process of training involves competition simulation using
high stroke rates (SRs), but also training at a variety of training
paces that can go from 55 strokes per minute (spm) up to 140 spm
or more.? During sprint kayak races, the kayak paddler self-selects
the SR according to the race distance (200 m, 500 m, or 1000 m).
SR is a key determinant of kayak velocity,!? being considered one of
the best biomechanical predictors of sprint kayak performance.!-1?
For past years, coaches and athletes have used the SR as a vari-
able that allows identification of training zones.’ The question of
which shape of the force—time curve is adopted by elite paddlers
at different SRs is still to be answered. It seems logical that if a
rectangular pattern of force application is desirable to optimize
performance in competition, then this pattern should be practiced
in training. However, it is not known at present whether the pat-
tern used at training paces does resemble those used by elite kayak
paddlers at race pace.

The aim of this study was to analyze the magnitude and shape
of paddle force—time curves of elite kayak paddlers (males and
females) at different intensity conditions (different training paces
and race pace), and their implications for performance and training.
It was hypothesized that there would be differences in the paddling
force profile between training paces and race pace, and that the
best performances would be achieved with a force—time curve that
tended toward a rectangular shape.

Methods

Subjects

Ten elite kayak paddlers (5 females and 5 males) participated in the
study (Table 1). All the kayak paddlers had a very high performance
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Table 1 Subjects’ physical characteristics for each
group, mean + SD

Male Kayakers Female Kayakers

Variables (n=5) (n=5)

Age (years) 2417 £2.39 25.80 = 3.81
Body mass (kg)** 86.42 £4.11 63.52 +3.46
Height (cm)** 183.10 £ 3.53 165.70 + 3.66
Sitting height (cm)** 97.72 +2.84 88.75 £ 1.30

*# P < .01, highly significant differences between sexes.

level. The criterion for subjects’ inclusion in the current study was
selection to compete internationally in the qualification races of
the 2012 Olympic Games. Six of the 10 kayak paddlers (4 females
and 2 males) participated at the London Olympic Games and then
qualified for the finals. Subjects were fully informed of the nature
of the investigation, and provided written informed consent before
data acquisition. The study was approved by the local ethics com-
mittee and was performed according to the Declaration of Helsinki.

Procedures

The kayak paddlers performed 4 trials of 200 m at different pad-
dling SRs: 60, 80, and 100 spm, and at race pace in which the
athlete was free to select the SR, with 5 minutes recovery between
trials. The SR represented different training zones (aerobic to race
pace) as prescribed by the World Canoe Sprint Coaches Technical
Group.® The subjects were instructed to search for the best perfor-
mance in each of the SR conditions. Each of the trials began with
the kayak at a velocity of 2.78 + 0.04 m-s~! (represents a very low
intensity); at a signal, the athlete started the trial. The data were
collected in calm water, with no influence of currents and with a
wind velocity below 0.42 m-s~! (corresponding to calm to light air
on the Beaufort scale).!? Paddle forces generated by the paddler on
the shaft and the kayak acceleration were collected continuously,
recording at a sampling rate of 256 Hz. In the trials that had a
specific SR to accomplish, the athlete used an audible metronome
device (TempoTrainerPro, Finis, Livermore, CA) set to that SR.
A GPS tracker (Forerunner 310X T, Garmin, Olathe, KS) allowed
triggering at the start and the end of the each trial, and helped the
athlete to control the velocity immediately before the start, since
differences in start velocity would interfere with the time that the
athlete took to perform the 200 m.

Data Analysis and Equipment

The individual equipment (paddle and kayak) of each kayak paddler
was instrumented before the trials. The paddle was instrumented
with the ‘FPaddle’ system and the kayak with a triaxial accelerom-
eter (G-Link-mXRS, Microstrain, Williston, VT) placed inside the
kayak and attached to the central rail for ballast in a level position
(parallel to the kayak seat platform).

The ‘FPaddle’ system!* comprises deformation sensors, a force
transducer, a transmitter and radio receiver, and signal processing
software (Node Commander 2.4.0, Microstrain, Williston, VT). The
paddle shaft was instrumented with 2 strain gauges for composite
materials (HBM, Darmstadt, Germany) bonded directly onto the
paddle shaft, thus decreasing possible erroneous sensing data.!’
They were positioned in each side at the same longitudinal posi-
tion from the tip of the blades (80 cm) to respond to the bending
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of the shaft in one plane parallel to the larger surface of the blade.
In addition, the strain gauges were connected to the voltage node
V-Link-mXRS (Microstrain, Williston, VT) by wires. Gain and
offset were set automatically by software.

The calibration of the system was performed statically by load-
ing the paddle with calibrated masses (from 5 kg to 30 kg, in steps
of 5 kg). The paddle was calibrated using the following procedures:
(1) one support positioned on the right-hand grip position where
the athlete grabbed the shaft (considering the third finger); (2) the
other support positioned on the middle of the left blade (assuming
that the force was acting upon the center of the blade—hypothetical
center of hydrodynamic pressure);3'¢ and (3) the different masses
were suspended on the left-hand grip position (considering the
third finger). The process was performed for both paddle sides.
A strong linear relationship was found between the force on the
paddle shaft hand grip (Fs) and the change in resistance within
the quarter-bridge circuit (Wheatstone bridge) for both sides (r =
-1.00, P < .00). Since force data were sampled at a high sampling
rate frequency, at paddling frequencies from approximately 60 spm
to 124 spm, it did not significantly influence the dynamic analysis.

Based on equilibrium of moments, the Fg was used to determine
the force applied on each blade (Fg) (Equation 1) by taking into
consideration the distance between the center of the area of the
blade and the near grip (d) and between grips (dg).!?

dB
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B

Equation 1 assumes that the longitudinal instantaneous center of
rotation of the paddle (pivot point on the paddle) is maintained
stationary and positioned on the grip opposite to the propulsive side
throughout the water phase (left and right). The shaft deformation
measured by the ‘FPaddle’ system during the water phase of the
stroke combined the force applied by both top and bottom hands,
and was analyzed by the strain gauge closer to the bottom hand
and parallel to the larger surface of the blade that was submerged.

Both items of equipment (G-Link and V-Link nodes) were
working synchronously (node-to-node synchronization with a limit
error of + 32 Uusec) in a wireless communication system and transfer-
ring in real time to the WSDA-Base (Microstrain, Williston, VT).
The force and acceleration data were exported to MatLab R2010a
(The MathWorks Inc., Natick, MA) and analyzed using a routine
specially developed for this application. A fourth-order low-pass
Butterworth filter with a cut-off frequency of 20 Hz was used to
smooth the data and remove the random error."” The choice of
cut-off frequency was based on residual analysis of the difference
between filtered and unfiltered signals over a wide range of cut-off
frequencies using the percentage variance accounted (VAF)® to
estimate the optimum cut-off frequency. For the applied cut-off
frequency, the mean VAF was 98.87 + 1.03%, representing a dif-
ference between the filtered and unfiltered signals of less than 2%.

The paddling technique was analyzed considering the 2-phase
model proposed by McDonnell et al," that divides a single stroke
into the water phase (from entry to paddle blade exit from the
water) and the aerial phase (from the paddle blade exit to the entry
instant on the other side). For the current study, the definition of the
entry and exit of the paddle on the water corresponded to the start
and end of force application.?’ The software routine automatically
detected the water phase of each stroke by identifying the onset
and end of the force application. A visual inspection of the strokes
was performed to ensure correct data selection. All the strokes
performed during the 200 m were analyzed, from the moment the
kayak paddler reached the requested SR.
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The Fpe. (highest point of force in each stroke), the time to
reach the F, (time from the start of the water phase to the peak
force), the Fy.., (mean of the force values of the water phase by
stroke), and the impulse (calculated as the integral of the water
phase of the force—time curve) were calculated for each stroke.
The Fiean/Fpeak ratio was calculated to reflect the force profile. This
ratio, expressed as a percentage, is 100% if the force is rectangular
(constant force) and 50% if it is triangular in shape.?! Since it is
a ratio and independent of strength differences, the results of the
male and female paddlers were pooled for statistical analysis. For
graphical analysis of the force—time profile of male and female elite
kayak paddlers at different SRs, the force—time curve data within
each SR was time normalized to the median of the water phase
duration. Since the duration of force application varied along the
trial for each SR, time normalization to the median time enabled
valid comparison of force profiles. The on-water force variables
and shape of the force—time curve, indicated by the Fpean/Fpeax
ratio in conjunction with inspection of the characteristics of the
force—normalized time graphs, were analyzed for each of the dif-
ferent SR trials.

The mean kayak velocity was determined based on the time
to travel the 200 m. The time variables analyzed based on the
force—time curve were the duration of a single stroke and of the
water and aerial phases (each as a percentage of the stroke dura-
tion). Mean SR for the entire trial was computed as the inverse of
the mean stroke duration.

The kayak acceleration profile was analyzed, together with
the synchronized force data, for the whole stroke to identify the
times that corresponded to the start of positive acceleration and
the instant the kayak started to decelerate, both as a percentage of
the stroke duration.

Statistics

Statistical analyses of the effect of SR on Fyeqx/Frean ratio; duration
of the water and aerial phases; and time t0 Fyeak, Fpeaks Fmean, and
impulse were conducted using SPSS 12.0 for Macintosh (IBM,
Inc., Chicago, IL). The data were checked for distribution normal-
ity and homoscedasticity with the Shapiro-Wilk and Levene tests,
respectively. The intertrial comparison was performed using a
repeated-measures one-way ANOVA (factor considered was SR
with 4 levels: 60, 80, 100, and race pace frequency); pairwise
comparisons were performed using a Bonferroni post hoc pro-
cedure. Correlations between variables were obtained using the
Pearson moment correlation coefficient. For all tests, the level of
significance was set at .05.

Results

The on-water force—time profiles for both groups changed in mag-
nitude and shape with the increase in SR (Figure 1). The coefficient
of variation of the force curve for females ranged from 19.55 at 60
spm to 42.78 at race pace, and for males from 25.08 at 60 spm to
44.90 at race pace. With increase in SR, the slope of the force—time
curve at the beginning of the water phase increased (expressed by
the decrease in the time to F.,), and the time of force application
decreased. For both groups, the force-time curves at race pace
showed a first peak followed by a small drop before the main peak
force. There was a significant intertrial correlation between the
mean velocity and Fyea (r = .663, P < .001) and Fye,n (r = .804,
P < .001). The impulse values did not change significantly when
performing an intertrial comparison (F[3,40] = .09, P = .966).
However, the intratrial correlation showed that the higher mean

Force (N)

- M-60smp
M- 80 spm
M- 100 spm
M- max

F - 60 spm
F - 80 spm
F-100 spm
F - max

Time (s)

Figure 1 — Mean force—time curves for each sex and paddling stroke rate. Each data curve represents the mean normalized curve (270, 300, 330, and
360 strokes from both sides at 60, 80, and 100 strokes per minute [spm], and race pace [max], respectively). M = male; F = female.
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velocities where obtained by the athletes who had higher mean
impulses in each trial (60 spm, = .888, P < .01; 80 spm, r = .896,
P <.001; 100 spm, r = .823, P > .01; race pace, r = .847, P < .01).

Significant differences were observed between SRs for the
Fiean/Fpeak Tatio (highly significant between the 2 low SRs in
analysis [60 and 80 spm] and the two higher SRs [100 spm and race
pace]) (Table 2). The shape of the force—time profile, indicated by
the Fiean/Fpeak ratio, became more rectangular with increasing SR
(F[3,40] = 7.87, P < .01) and was positively correlated with mean
velocity (r = .416, P < .01) (Table 2).

The time between the instant that the kayak started to deceler-
ate and the end of the water phase expressed in percentage of the
stroke duration decreased with increasing SR (F[3,40] = 4.80, P =
.008). In addition, the observable characteristics of the force—time
profile, together with the Fyeun/Fpeax ratio, indicated a transition from
a triangular to rectangular shape with increasing SR.

As the SR increased, there was a decrease in the duration of
the water and aerial phases. When these phases were represented
as a percentage of the stroke duration there was a tendency for the
water phase to increase in relation to the aerial phase duration, for
both sexes (Table 2; Figure 2). In addition, the duration of kayak
acceleration increased as a percentage of the total stroke duration
as SR increased.
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There was a modest negative correlation between the Fiean/
Fpeax ratio and the delay between the start of force application and
the beginning of kayak acceleration (r = —.453, P = .008).

Discussion

The aim of this study was to analyze the paddling force profile and
force—time curve variables at different SRs, and their implications
for kayak performance. Although few studies have focused on
paddle force analysis in kayaking, many authors have analyzed oar
force in relation to technique in rowing, considering its importance
in analyzing rowing technique.!-?2-2* Variables related to the shape
of the force profile, such as the area under the force curve (impulse)
and the Fycan/Fpeac ratio, have been studied in rowing.>2!-?2 Similarly,
this type of analysis in kayaking has the potential to help kayak
paddlers and coaches work toward successful performances.

The deformation of the paddle shaft was correlated with the
force and its calculation considered that the pivot point of the paddle
had been maintained in a position on the top hand (Equation 1).
Although this assumption can overestimate the force produced
during some part(s) of the water phase, it has been reported that
elite kayak paddlers tend to maintain a high paddle pivot resulting

Table 2 The mean = SD for the paddling force-time curve variables for each sex and Fpean/Fpea

for the total sample

Stroke Rate (spm)

Sex 60 80 100 Race Pace
Stroke rate (spm) Male 63+5 813 99 +6 124 7
Female 60+3 79+6 100+ 6 112+3
Time to perform 200 m (s) Male 54.35+2.29 47.85 +2.00 43.67 +1.88 38.68 +0.83
Female 61.35+0.95 53.76 +1.73 48.08 +2.36 4494 + 1.21
Mean velocity 200 m (m-s™1) Male 3.68 £0.15 4.18+0.18 4.58 +0.20 5.17+0.11
Female 3.26 £0.05 3.72+0.12 4.16 +£0.16 4.45+0.12
‘Water phase duration (s) Male 0.56 £ 0.03 0.50 £ 0.04 0.43 +0.03 0.37 £0.03
Female 0.64 +£0.03 0.55+£0.02 0.48 +£0.01 0.43+0.02
Aerial phase duration (s) Male 0.40 = 0.05 0.24 +£0.03 0.18 £ 0.04 0.14 £ 0.03
Female 0.35 +0.01 0.23 £0.05 0.17£0.05 0.12£0.02
Time to Fyea (5) Male 0.22 +0.03 0.21 +£0.02 0.19 +0.02 0.16 £ 0.02
Female 0.26 +0.03 0.24 +0.03 0.21 £0.02 0.20 +0.01
Fpeax (N) Male 225 +31 234 + 32 266 + 33 274 + 35
Female 126 + 11 130+ 8 146 +7 153 £ 11
Finean (N) Male 118 £ 16 128 £ 18 157 + 182 171 £ 18
Female 72+6 809 92 +132 99+ 15
Impulse (N-s) Male 66.3+7.3 63.9+7.3 67.7+9.5 63.2+84
Female 46.5+59 44155 442 +6.3 423 +6.6
Finean/Fpeak 1atio (%) Total sample 53.3 +3.3bed 572 4+ 3 9acd 61.0 + 3.8abd 64.8 + 3.7abe

Note. Male n =5 and female n = 5. All analyzed for each stroke rate, mean + SD. spm = strokes per minute.

a P < .05, significantly different to 60 spm.

b P < .05, significantly different to 80 spm.

¢ P < .05, significantly different to 100 spm.

d P < .05, significantly different to race pace.
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Figure 2 — Water and aerial phase durations, and the moment during the water phase when the kayak started to accelerate and decelerate. All are

expressed as a percentage of the duration of a single stroke (means + SD).

from a restricted horizontal movement of the top hand and much
of the bottom hand.?

In this study, the Fyeun/Fpeax ratio values increased with the
increase in SR and mean velocity, indicating a change toward a
rectangular force profile. This rectangular shape should be more
efficient since it maximizes the area under the force—time curve
for a given achievable F.,x, while minimizing the period of force
application to enable a high SR. A high SR is known to be related
to good performances in kayaking.!0.25:26

It was also observed that as the Fiean/Fpeax ratio values increased
with the increase in SR, the delay between the start of force applica-
tion and the beginning of the kayak acceleration decreased. This
fact indicated a tendency for a vertical slope at the beginning of
the water phase and a rapid achievement of the Fy,y, considered to
be an indicator of stroke efficiency.!

Near the end of the water phase, the delay between the begin-
ning of the kayak deceleration and the end of force application
decreased with increasing SR. This result suggests that, at low SR,
maintaining the blade on the water at the end of the water phase may
slow down the kayak. The amount of force that is being produced
in this section of the stroke seems that it is insufficient to overcome
the increase in drag produced by the blade on the water.

For both sexes in the first 3 trials, the force—time curve had a
bell shape. In the race pace trial, with the increased rate of force
application, the athletes sought to increase the force rapidly and
achieve a plateau early in the water phase. Creating a plateau on
the top of the force—time curve maximizes the impulse for a given
attainable Fye, and duration of water phase, and reflects the ten-

dency toward a rectangular profile of the force—time curve as a way
to improve performances.?

The force—time curve shape on the race pace trial was char-
acterized by a first small peak, followed by a small decrease in
force, and then followed by the main plateau. The decrease in force
immediately after the initial rise may be, in part, explained by the
elastic response of the paddle shaft due to its degree of stiffness,
a response that probably starts when the kayak paddlers try to
diminish the aerial phase duration, accelerating the paddle to reach
the water as fast as possible. Increasing the stiffness of the paddle
shaft may allow a more rapid force rise to the plateau and reduce
the force ‘bounce’, so that a high force is maintained more constant
without the small drop in force before the main plateau. Nowadays,
paddle manufacturers provide paddle shafts with different degrees
of stiffness and the athlete is responsible for choosing the one he/
she thinks can get better performances. Paddling with different
shaft stiffness should be investigated to understand the influence
on paddling force shape. Even if it is found that an increase in
shaft stiffness decreases the force ‘bounce’, further study will be
required to determine the influence of stiffness on power develop-
ment, muscle coordination, and injury risk.

The correlation between impulse and mean velocity in each SR
trial was highly significant, expressing that, if the area under the
force—time curve is increased and the SR maintained, the kayak
velocity would increase. The mean velocity was strongly correlated
with Fppean, more than Fye,. Different authors®” have suggested that
the maintenance of force near the F,, throughout the water phase
is of greater importance to performance than the Fj.. itself, since
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the force pattern can vary from almost triangular to rectangular??
with the same Fcux.

Also contributing to the rectangular force profile was the fact
that, with the increase in SR (representing a decrease in stroke
duration), the slope at the beginning of the stroke increased even
though the time to peak in percentage of the water phase duration
increased due to the decrease in the water phase duration percent-
age after the Fp.,«. Therefore, as the SR increased and the kayak
paddlers searched for higher performances, there was a decrease in
the time spent in an ineffective part of the water stroke. A similar
finding was observed by Kendal and Sanders!! when analyzing the
paddling technique of elite kayakers. Since the Fp. occurs near
the time when the paddle is vertical,!?’ prolonging the water phase
beyond that point is only valuable if the force can be maintained
near the level of the peak force. Kendal and Sanders!! found that a
long paddle backward reach, although it contributes to longer water
phases, does not result in a greater mean velocity and yields a profile
that tends to be a triangular rather than rectangular shape. Thus, it
is not surprising that in this study the athletes sought to remove the
paddle shortly after achieving the vertical blade position to rapidly
start the next stroke.

In summary, the results showed that the force profile becomes
more rectangular in shape with increasing SR and performance.
The results suggested that best performances are achieved when
the Fiean 18 close 10 Fyear, that is, the Fean/Fpeak ratio approaches
1.0, reflecting a rectangular shape.

The paddling technique plays a fundamental role in kayaking
performance. Analysis of the force—time curve variables and force
profile should be a prime objective in terms of technique analysis.
In the current study, the force profile became more rectangular in
shape with increasing SR. To obtain the rectangular force profile,
the athletes need to take the paddle blade out of the water close to
the instant when the propulsive forces are still close to the peak
force, rather than prolonging the stroke during an inefficient part.
This enables optimal propulsive impulse at high SRs. In addition,
kayak paddlers should seek a rapid increase in force immediately
after blade entry. This pattern should be sought when training at
race pace and in competition.

Acknowledgments

Funding was provided by the Portuguese Foundation for Science and
Technology (Grant: SFRH/BD/69823/2010). The authors are also grate-
ful to the Portuguese Canoe Federation and the kayak paddlers for their
kind collaboration.

References

1. Michael JS, Smith R, Rooney KB. Determinants of kayak pad-
dling performance. Sports Biomech. 2009;8(2):167-179. PubMed
doi:10.1080/14763140902745019

2. Brown MB, Lauder M, Dyson R. Notational analysis of sprint kayak-
ing: Differentiating between ability levels. Int J Perform Analy Sport.
2011;11:171-183.

3. Sperlich J, Baker J. Biomechanical testing in elite canoeing. Book of
Abstracts, 20th International Symposium on Biomechanics in Sport,
Extremadura, Spain; 2002.

4. Jackson PS. Performance prediction for Olympic kayaks. J Sports
Sci. 1995;13:239-245. PubMed doi:10.1080/02640419508732233

5. Millward A. A study of the forces exerted by an oarsman and
the effect on boat speed. J Sports Sci. 1987;5:93—-103. PubMed
doi:10.1080/02640418708729769

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

Paddling Force Profile in Elite Sprint Kayaking 263

. Sprigings E, McNair P, Mawston G, et al. A method for personalis-

ing the blade size for competitors in flatwater kayaking. Sports Eng.
2006;9(3):147-153. doi:10.1007/BF02844116

. Michael JS, Rooney KB, Smith R. The dynamics of elite paddling on

a kayak simulator. J Sports Sci. 2012;30(7):661-668. PubMed doi: 1
0.1080/02640414.2012.655303

. Aitken DA, Neal RJ. An on-water analysis system for quantifying

stroke force characteristics during kayak events. Int J Sport Biomech.
1992:8(2):165-173.

. WC Sprint Coaches Technical Group. Canoe Racing Training Zones,

2001. http://www.kayaksport.net/downloads/TrainingZones.pdf.
Accessed 25 February 2013.

. Mononen H, Viitasalo J. Stroke parameters and kayak speed during

200m kayaking. Book of Abstracts, 15th Congress of the International
Society in Biomechanics. 1995;632-633.

Kendal SJ, Sanders RH. The technique of elite flatwater kayak pad-
dlers using the wing paddle. Int J Sport Biomech. 1992;8:233-250.
McDonnell LK, Hume PA, Nolte V. Place time consistency and stroke
rates required for success in K1 200-m sprint kayaking elite competi-
tion. Int J Perform Analy Sport. 2013;13:38-50.

Saucier W. Principles of Meteorological Analysis. New York: Dover
Phoenix Editions; 2003.

Gomes B, Viriato N, Sanders R, et al. Analysis of the on-water pad-
dling force profile of an elite kayaker In: Vilas-Boas JP, Machado L,
Wangdo K, Veloso AP (eds.), Biomechanics in Sports, Portuguese J
Sport Sci. 2011;11(Suppl. 2): 255-258.

Sturm D. Wireless Multi-Sensor Feedback System for Sports Perfor-
mance and Monitoring. Doctoral thesis. Stockholm: KTH, Technology
and Health, 2012.

Sturm D, Yousaf K, Eriksson M. A kayak training system force
measurement on-water. Book of Abstracts, 28th Conference of the
International Society of Biomechanics in Sports, Michigan, USA.
2010;712-713.

Winter DA. Biomechanics and Motor Control of Human Movement. 4th
ed. New York: John Wiley & Sons; 2009. doi:10.1002/9780470549148

. Moorhouse KM, Granata K. Role of reflex dynamics in spinal stability.

Intrinsic muscle stiffness alone is insufficient for stability. J Biomech.
2007;40:1058-1065. PubMed doi:10.1016/j.jbiomech.2006.04.018
McDonnell LK, Hume PA, Nolte V. An observational model for bio-
mechanical assessment of sprint kayaking technique. Sports Biomech.
2012;11(4):507-523. PubMed doi:10.1080/14763141.2012.724701
Baker J. Evaluation of biomechanical performance related factors
with on-water tests. Book of Abstracts, International Seminar on
Kayak-Canoe Coaching and Science, International Canoe Federation,
Ghent, Belgium, 1998.

Kleshnev V. Parameters of rowing force curve. Rowing Biomechanics.
2008;8(83). http://www.biorow.com/RBN_en_2008.htm. Accessed
March 1, 2013.

Hill H. Dynamics of coordination within elite rowing crews: evidence
from force pattern analysis. J Sports Sci. 2002;20:101-117. PubMed
doi:10.1080/026404102317200819

Smith RM, Spinks W. Discriminant analysis of biomechanical
differences between novice, good and elite rowers. J Sports Sci.
1995;13:377-385. PubMed doi:10.1080/02640419508732253
Smith R, Spinks W, Torode M. Biomechanical factors in the analysis
of rowing capacity and skill. Book of Abstracts, Congress of the Aus-
tralian Sports Medicine Federation, Cumberland College of Health
Sciences, Sydney, Australia, 1988.

Plagenhoef S. Biomechanical analysis of Olympic flatwater kayaking
and canoeing. Res Qt. 1979;50:443-459. PubMed

Sanders RH, Kendal SJ. A description of Olympic flatwater kayak
stroke technique. Aust J Sci Med Sport. 1992;24(1):25-30.

JAB Vol. 31, No. 4, 2015


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19705767&dopt=Abstract
http://dx.doi.org/10.1080/14763140902745019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7563291&dopt=Abstract
http://dx.doi.org/10.1080/02640419508732233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3441021&dopt=Abstract
http://dx.doi.org/10.1080/02640418708729769
http://dx.doi.org/10.1007/BF02844116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22369264&dopt=Abstract
http://dx.doi.org/10.1080/02640414.2012.655303
http://dx.doi.org/10.1080/02640414.2012.655303
http://www.kayaksport.net/downloads/TrainingZones.pdf
http://dx.doi.org/10.1002/9780470549148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16782106&dopt=Abstract
http://dx.doi.org/10.1016/j.jbiomech.2006.04.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23259240&dopt=Abstract
http://dx.doi.org/10.1080/14763141.2012.724701
http://www.biorow.com/RBN_en_2008.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11811567&dopt=Abstract
http://dx.doi.org/10.1080/026404102317200819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8558624&dopt=Abstract
http://dx.doi.org/10.1080/02640419508732253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=545532&dopt=Abstract

