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The present study aimed to investigate the effect of fatigue on the spatial underwater 
swimming arm-stroke pattern. Ten male swimmers performed a 200 m front crawl at 
maximal intensity. The kinematic stroke parameters recorded by six cameras were: mean 
swim velocity, stroke length, stroke frequency, and a number of upper limb linear and 
angular displacements and velocities. Differences between the four laps were assessed 
with a repeated measure ANOVA and effect sizes. Fatigue effect was shown in the 
significant decrease of the velocity (swimming and arm), depths and elbow angle at the 
end of backward movement. The present findings could be useful for coaches in 
evaluating fatigue effects on the swimming technique. 
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INTRODUCTION: In swimming, propulsive force is induced by arms and legs motion. During 
the front crawl, the propulsive force is known to be mainly generated by the arm-stroke 
motion (Deschodt et al., 1999). Propulsive forces were strongly linked to kinematic hand 
parameters as observed in the different models of hand force calculations (e.g. Schleihauf 
1979; Berger et al., 1995). Also it is suggested that swimming velocity (v) could partly be 
explained by horizontal or vertical hand displacements during the arm stroke (Deschodt et 
al., 1996). However, studies on the effect of fatigue in the kinematics of arm stroke motion 
during high intensity swim are limited. Deschodt (1999) reported a significant decrease in the 
displacement of the wrist in the horizontal axis following a 6 × 50 m front crawl swim at 
maximal velocity. However, Aujouannet et al. (2006) found, for a protocol of 4 x 50 m front 
crawl at maximal intensity, that fatigue was characterized by spatial stability of fingertip’s 
trajectory. Additionally, Suito et al. (2008) showed that hand velocity, and peak angular 
velocity of shoulder adduction were reduced significantly from the first half to the second half 
of an all-out 100 m front crawl, in agreement with the reports of Toussaint et al. (2006). The 
present study aimed to investigate the effects of fatigue on underwater arm-stroke motion 
during 200 m front crawl performed at maximal intensity. 
 
METHODS: Ten high performance level male swimmers participated in this study (average ± 
SD: aged 21.6 ± 2.4 yrs; height 185.2 ± 6.8 cm; arm span 188.7 ± 8.4 cm; body mass 76.4 ± 
6.1 kg). All swimmers (mean performance in a 200 m race = 91.6 ± 2.1% of the 25 m pool 
world record) had 11.9 ± 3.5 yrs experience as competitive swimmers. After a moderate 
intensity individual warm-up, totalling 1000 m, swimmers performed a 200 m front crawl race 
at maximal intensity, from a push off start, to eliminate the influence of the dive in the 
analysis of the first stroke cycle. Six synchronised video cameras (Sony® DCR-HC42E) were 
used to record the event (four under and two above water; the above water angle between 
cameras was ≈100º, while the angles between adjacent underwater cameras varied from 75º

 

to 110º). Three-dimensional reconstruction of 21 body landmarks (with DLT; Abdel-Aziz & 
Karara, 1971) using Zatsiorsky anatomical model adapted by de Leva (1996) was digitised at 
50 Hz. A calibration frame (3 x 2 x 3 m for the horizontal, vertical and lateral directions; 30 
calibration points) and a 6 Hz low pass digital filter were used. The accuracy was calculated 
through RMS reconstruction errors of the calibration frame, which for x, y and z axes were: (i) 
3.9, 3.7 and 3.3 mm respectively for the above water view and (ii) 3.4, 2.5 and 3.2 mm 
respectively for the underwater view.  The reliability was determined digitizing ten times the 

Saddle height was predicted (R2=0.937; p<0.001) taking into account inseam length and 
knee angle. If these variables were replaced in the equation by the recommended 30-40º 
(Price and Donne, 1997) and the mean inseam length of our riders (93.9 ± 3.1 cm), we would 
obtain a saddle height range of 108.6% to 110.4% of inseam length. In a similar line to our 
results, Peveler (2008) highlighted that when saddle height was set using 109% of inseam, 
only 37% of the subjects worked out with knee angle inside the limits to prevent knee injuries 
(goniometric evaluation). As we can see, our range of saddle height relative to the inseam is 
higher than the limits recommended by other studies, where riders used  toe-clip pedals. 
(Hamley & Thomas, 1967; Nordeen-Snyder, 1977). In our case, cyclists worked out with 
clipless interfaces that probably caused an increment of knee flexion angle and induced a 
higher position of the saddle compared with the toe-clip pedal configuration. Further studies 
are required to confirm this hypothesis. 
 
CONCLUSION: The results of the present study support the view that adjusting saddle 
height from 106% to 109% of the inseam would not ensure an optimal knee flexion angle and 
might not prevent injuries (30-40º with the crank parallel to the vertical tube). Therefore, we 
suggest selecting a saddle height between 109-110.4% of inseam length could be more 
appropriate to prevent these types of injuries. Besides anthropometrics, we recommend that 
coaches and sports scientists should consider a kinematic study to individualize the bicycle 
set-up and prevent injuries.  
 
REFERENCES: 
Belluye, N., & Cid, M. (2001). Approche biomecanique du cyclisme moderne, donnees de la litterature. 
/ Biomechanics approach to modern cycling, literature data's. Science & Sports, 16(2), 71-87. 
Bini, R. R., Tamborindeguy, A. C., & Mota, C. B. (2010). Effects of Saddle Height, Pedaling Cadence, 
and Workload on Joint Kinetics and Kinematics During Cycling. Journal of Sport Rehabilitation, 19(3), 
301-314. 
de Vey Mestdagh, K. (1998). Personal perspective: in search of an optimum cycling posture. Applied 
Ergonomics, 29(5), 325-334. 
Faria, I. E. (1992). Energy expenditure, aerodynamics and medical problems in cycling: an update. 
Sports Medicine, 14(1), 43-63. 
Farrell, K. C., Reisinger, K. D., & Tillman, M. D. (2003). Force and repetition in cycling: possible 
implications for iliotibial band friction syndrome. Knee, 10(1), 103-109. 
García-López J, Diez-Leal S, Rodríguez-Marroyo JA, Larrazabal J, de Galdeano IG, Villa JG (2009). 
Eficiencia mecánica de pedaleo en ciclistas de diferente nivel competitivo. Biomecánica, 17, 2: 9-20. 
Gregor, R. J., Broker, J. P., & Ryan, M. M. (1991). The biomechanics of cycling. Exercise & Sport 
Sciences Reviews, 19, 127-169. 
Hamley, E. J., & Thomas, V. (1967). Physiological and postural factors in the calibration of the bicycle 
ergometer. The Journal Of Physiology, 191(2), 55P-56P. 
Holmes, J. C., Pruitt, A. L., & Whalen, N. J. (1993). Iliotibial band syndrome in cyclists. American 
Journal of Sports Medicine, 21(3), 419-424. 
Nordeen-Snyder, K. S. (1977). The effect of bicycle seat height variation upon oxygen consumption 
and lower limb kinematics. Medicine and Science in Sports, 9(2), 113-117. 
Peveler, W. W., & Green, J. M. (2010). Effects of Saddle Height on Economy and Anaerobic Power in 
Well-Trained Cyclists. Journal of Strength & Conditioning  Research. 
Price, D., & Donne, B. (1997). Effect of variation in seat tube angle at different seat heights on 
submaximal cycling performance in man. Journal of  Sports Science, 15(4), 395-402. 
Silberman, M. R., Webner, D., Collina, S., & Shiple, B. J. (2005). Road Bicycle Fit. Clinical Journal of 
Sport Medicine, 15(4), 269-274. 



232ISBS 2011 Porto, Portugal

Vilas-Boas, Machado, Kim, Veloso (eds.) 
Biomechanics in Sports 29

Portuguese Journal of Sport Sciences
11 (Suppl. 2), 2011  

 

Table 1. (continued) 
Parameters Lap 1 Lap 2 Lap 3 Lap 4 F(3,27) p f 
Max. finger 
depth (m) 

0.72 
(0.06) 

0.71 
(0.06) 

0.70 
(0.05) 

0.69a 
(0.06) 4.90 0.008 0.17 

Max. wrist depth 
(m) 

0.57 
(0.06) 

0.56 
(0.06) 

0.55 
(0.05) 

0.54a 
(0.06) 4.50 0.001 0.18 

Max. elbow 
depth (m)  

0.36 
(0.04) 

0.35 
(0.04) 

0.34 
(0.04) 

0.33a,b 
(0.06) 6.98 0.001 0.21 

Max. elbow 
width (m) 

0.31 
(0.05) 

0.33 
(0.06) 

0.34 
(0.05) 

0.35a 
(0.05) 4.79 0.008 0.23 

Finger width 
range (m) 

0.35 
(0.08) 

0.35 
(0.10) 

0.33 
(0.10) 

0.35 
(0.05) 0.75 0.53 0.00 

Wrist width 
range (m) 

0.29 
(0.05) 

0.30 
(0.08) 

0.27 
(0.08) 

0.27 
(0.06) 1.30 0.29 0.09 

Elbow width 
range (m) 

0.22 
(0.05) 

0.23 
(0.05) 

0.23 
(0.05) 

0.23 
(0.05) 1.03 0.39 0.03 

Elbow angle: 
entry (º) 

149.4 
(12.1) 

145.1 
(14.0) 

149.1 
(11.4) 

146.0 
(12.8) 1.61 0.21 0.10 

Elbow angle: 
first back (º) 

149.7 
(11.2) 

152.9 
(6.8) 

148.4 
(10.6) 

149.0 
(8.1) 1.85 0.16 0.13 

Elbow angle: 
shoulder x (º) 

102.2 
(13.4) 

101.2 
(15.5) 

96.8 
(12.5) 

95.9 
(10.7) 2.24 0.11 0.16 

Elbow angle: 
end back (º) 

143.0 
(3.3) 

142.6 
(7.6) 

141.3 
(6.6) 

136.3a,b 
(4.8) 5.57 0.004 0.43 

Elbow angle: 
range of pull (º)  

47.6 
(14.7) 

51.7 
(14.9) 

51.6 
(17.5) 

53.0 
(14.4) 1.06 0.38 0.03 

Elbow angle: 
range of push (º) 

40.8 
(14.9) 

41.4 
(19.1) 

44.4 
(14.8) 

40.3 
(12.6) 0.56 0.64 0.00 

a,b,c Significantly different from the first, second and third lap, respectively. p<0.05. 
 
DISCUSSION: Race parameters changed as expected and in accordance with the literature 
regarding the stroke parameters management (Craig et al., 1985; Alberty et al., 2005). The 
decrease across the 200 m in the angular velocity of the arm was expected as swimming v 
decreased as well, since the upper limb is assumed to be the main generator of the 
propulsive force, it is quite likely that the decreased swimming v was caused by the reduced 
hand velocity. These findings were in accordance with the reports for the 100 m front crawl 
(Toussaint et al., 2006; Suito et al., 2008). Backward amplitude was lower than the value 
reported by Deschodt et al. (1999; 0.81 m). Nevertheless, depths were similar to the values 
described previously (Deschodt et al., 1999; McCabe et al., 2011), however both of these 
studies a 25 m maximum protocol was performed. A decrease of all the measured depths 
was observed from the first to the last lap. Such results could reflect the absolute decrease in 
elbow angle: shoulder x, which was not found to be statistically different, but presented a 
medium size effect. It should be also affected by the increase of stroke frequency and their 
influence in the body role, as reported by Psycharakis & Sanders (2008) in the final 50 m lap 
of the 200 m front crawl. The elbow angle end back values were slightly lower than the ones 
presented by McCabe et al. (2011), probably because of the different velocities and protocol 
used. The decreased in this angle across the race suggests a reduction of the power output 
(Toussaint et al., 2006) and also a decrease in the propulsive forces produced in the push 
phase, since triceps brachii fatigues (Aujouannet et al., 2006). However, backward amplitude 
remained statistically stable, which suggests that the most forward point is increased, 
possibly due to an augmented glide and of the non-propulsive phases, consequently the 
decrease in the swimming v. The elbow angle: shoulder x values presented in the first lap 
were similar or lower than the values in the literature (Cappaert, 1999; McCabe et al., 2011). 
The decrease that occurs along the effort tending to the 90º, that some authors claim to be 
the recommended angle (e.g. Costill et al., 1992), could be to compensate the increased 

 

 

same stroke cycle. Small standard deviation (s) and CV for the repeated digitisations 
indicated acceptable reliability for velocity (s: 0.03 m.s−1, CV: 2.05%) and displacement (s: 
0.004 m, CV: 1.72%). One complete arm stroke cycle, without breathing, was recorded for 
each 50 m of the 200 m front crawl. Test sessions took place in a 25 m indoor pool. 
The mean horizontal velocity was calculated by dividing the swimmer’s mean centre of mass 
horizontal displacement by the time spent to complete one stroke cycle. Stroke frequency 
was the inverse of the time to complete one stroke cycle. Stroke length was the horizontal 
displacement of the centre of mass during one stroke cycle. Angular velocity of the arm was 
calculated based on the representation of the arm by a stick connecting the shoulder joint 
centre and the centre of mass of the segment. The backward displacement amplitude and 
slip amplitude were calculated through the difference between the most forward point and the 
most backward position of fingertip’s (third distal phalanx of the finger) and between entry 
and exit fingertip’s coordinates, respectively. The vertical motion of the upper limb was 
represented by the fingertip, wrist, and elbow in y direction of displacement and referenced to 
an external point. The lateral motion of the upper limb was calculated as the absolute z 
displacement, referenced to the swimmer’s centre of mass. The three-dimensional elbow 
angle was calculated in four time moments within the underwater stroke cycle: (i) entry of the 
hand in the water (A - entry); (ii) beginning of finger backward movement (B – first back); (iii) 
finger vertically aligned with the shoulder (C – shoulder x); (iv) end of backward movement 
(D – end back). These time moments were calculated based on the horizontal displacement 
of the finger and shoulder during the stroke cycle. The elbow angle range during the pull and 
push phases was calculated as: C-B and D-C, respectively. 
Mean (SD) computations for descriptive analysis were obtained for all variables (normal 
Gaussian distribution of the data was verified by the Shapiro–Wilk’s test). A one-way 
repeated measure ANOVA with Bonferroni post hoc was used to compare the variables 
across the 200 m. Statistical analysis was performed using STATA 10.1 (StataCorp, USA) 
and p<0.05 accepted as significant.  
 
RESULTS: Mean (SD), p- and F-values of the repeated measures ANOVA, and effects sizes 
are displayed in Table 1 for the variables tested. Changes in race parameters were observed 
as denoted by the significance level and large effect sizes. Differences for the underwater 
arm-stroke, depths, maximal elbow width and the magnitude of the elbow angle at the end 
back point were significant across the 200 m front crawl. 
 

Table 1 
Mean data (SD) and statistical comparisons between the laps across the 200 m front crawl for 

the following variables: race parameters, arm, elbow angle. 
Parameters Lap 1 Lap 2 Lap 3 Lap 4 F(3,27) p f 

Velocity (m.s-1) 1.57 
(0.08) 

1.39a 
(0.06) 

1.34a 
(0.07) 

1.35a 
(0.06) 24.58 <0.001 1.26 

Stroke length 
(m) 

2.29 
(0.23) 

2.21 
(0.17) 

2.19 
(0.13) 

2.12a,b,c 

(0.13) 4.55 0.01 0.32 

Stroke 
frequency (Hz) 

0.68 
(0.09) 

0.63 
(0.06) 

0.61a 
(0.05) 

0.64 
(0.05) 5.08 0.006 0.39 

Arm angular v 
(degree.s-1) 

2.73 
(0.42) 

2.50 
(0.26) 

2.43a 
(0.26) 

2.38a 
(0.25) 5.18 0.006 0.40 

Backward 
amplitude (m) 

0.68 
(0.06) 

0.68 
(0.07) 

0.71 
(0.09) 

0.69 
(0.10) 0.45 0.72 0.00 

Amplitude slip 
(m) 

0.56 
(0.27) 

0.57 
(0.32) 

0.56 
(0.33) 

0.58 
(0.31) 0.06 0.98 0.00 

     (continued on next page) 
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Table 1. (continued) 
Parameters Lap 1 Lap 2 Lap 3 Lap 4 F(3,27) p f 
Max. finger 
depth (m) 

0.72 
(0.06) 

0.71 
(0.06) 

0.70 
(0.05) 

0.69a 
(0.06) 4.90 0.008 0.17 

Max. wrist depth 
(m) 

0.57 
(0.06) 

0.56 
(0.06) 

0.55 
(0.05) 

0.54a 
(0.06) 4.50 0.001 0.18 

Max. elbow 
depth (m)  

0.36 
(0.04) 

0.35 
(0.04) 

0.34 
(0.04) 

0.33a,b 
(0.06) 6.98 0.001 0.21 

Max. elbow 
width (m) 

0.31 
(0.05) 

0.33 
(0.06) 

0.34 
(0.05) 

0.35a 
(0.05) 4.79 0.008 0.23 

Finger width 
range (m) 

0.35 
(0.08) 

0.35 
(0.10) 

0.33 
(0.10) 

0.35 
(0.05) 0.75 0.53 0.00 

Wrist width 
range (m) 

0.29 
(0.05) 

0.30 
(0.08) 

0.27 
(0.08) 

0.27 
(0.06) 1.30 0.29 0.09 

Elbow width 
range (m) 

0.22 
(0.05) 

0.23 
(0.05) 

0.23 
(0.05) 

0.23 
(0.05) 1.03 0.39 0.03 

Elbow angle: 
entry (º) 

149.4 
(12.1) 

145.1 
(14.0) 

149.1 
(11.4) 

146.0 
(12.8) 1.61 0.21 0.10 

Elbow angle: 
first back (º) 

149.7 
(11.2) 

152.9 
(6.8) 

148.4 
(10.6) 

149.0 
(8.1) 1.85 0.16 0.13 

Elbow angle: 
shoulder x (º) 

102.2 
(13.4) 

101.2 
(15.5) 

96.8 
(12.5) 

95.9 
(10.7) 2.24 0.11 0.16 

Elbow angle: 
end back (º) 

143.0 
(3.3) 

142.6 
(7.6) 

141.3 
(6.6) 

136.3a,b 
(4.8) 5.57 0.004 0.43 

Elbow angle: 
range of pull (º)  

47.6 
(14.7) 

51.7 
(14.9) 

51.6 
(17.5) 

53.0 
(14.4) 1.06 0.38 0.03 

Elbow angle: 
range of push (º) 

40.8 
(14.9) 

41.4 
(19.1) 

44.4 
(14.8) 

40.3 
(12.6) 0.56 0.64 0.00 

a,b,c Significantly different from the first, second and third lap, respectively. p<0.05. 
 
DISCUSSION: Race parameters changed as expected and in accordance with the literature 
regarding the stroke parameters management (Craig et al., 1985; Alberty et al., 2005). The 
decrease across the 200 m in the angular velocity of the arm was expected as swimming v 
decreased as well, since the upper limb is assumed to be the main generator of the 
propulsive force, it is quite likely that the decreased swimming v was caused by the reduced 
hand velocity. These findings were in accordance with the reports for the 100 m front crawl 
(Toussaint et al., 2006; Suito et al., 2008). Backward amplitude was lower than the value 
reported by Deschodt et al. (1999; 0.81 m). Nevertheless, depths were similar to the values 
described previously (Deschodt et al., 1999; McCabe et al., 2011), however both of these 
studies a 25 m maximum protocol was performed. A decrease of all the measured depths 
was observed from the first to the last lap. Such results could reflect the absolute decrease in 
elbow angle: shoulder x, which was not found to be statistically different, but presented a 
medium size effect. It should be also affected by the increase of stroke frequency and their 
influence in the body role, as reported by Psycharakis & Sanders (2008) in the final 50 m lap 
of the 200 m front crawl. The elbow angle end back values were slightly lower than the ones 
presented by McCabe et al. (2011), probably because of the different velocities and protocol 
used. The decreased in this angle across the race suggests a reduction of the power output 
(Toussaint et al., 2006) and also a decrease in the propulsive forces produced in the push 
phase, since triceps brachii fatigues (Aujouannet et al., 2006). However, backward amplitude 
remained statistically stable, which suggests that the most forward point is increased, 
possibly due to an augmented glide and of the non-propulsive phases, consequently the 
decrease in the swimming v. The elbow angle: shoulder x values presented in the first lap 
were similar or lower than the values in the literature (Cappaert, 1999; McCabe et al., 2011). 
The decrease that occurs along the effort tending to the 90º, that some authors claim to be 
the recommended angle (e.g. Costill et al., 1992), could be to compensate the increased 

 

 

same stroke cycle. Small standard deviation (s) and CV for the repeated digitisations 
indicated acceptable reliability for velocity (s: 0.03 m.s−1, CV: 2.05%) and displacement (s: 
0.004 m, CV: 1.72%). One complete arm stroke cycle, without breathing, was recorded for 
each 50 m of the 200 m front crawl. Test sessions took place in a 25 m indoor pool. 
The mean horizontal velocity was calculated by dividing the swimmer’s mean centre of mass 
horizontal displacement by the time spent to complete one stroke cycle. Stroke frequency 
was the inverse of the time to complete one stroke cycle. Stroke length was the horizontal 
displacement of the centre of mass during one stroke cycle. Angular velocity of the arm was 
calculated based on the representation of the arm by a stick connecting the shoulder joint 
centre and the centre of mass of the segment. The backward displacement amplitude and 
slip amplitude were calculated through the difference between the most forward point and the 
most backward position of fingertip’s (third distal phalanx of the finger) and between entry 
and exit fingertip’s coordinates, respectively. The vertical motion of the upper limb was 
represented by the fingertip, wrist, and elbow in y direction of displacement and referenced to 
an external point. The lateral motion of the upper limb was calculated as the absolute z 
displacement, referenced to the swimmer’s centre of mass. The three-dimensional elbow 
angle was calculated in four time moments within the underwater stroke cycle: (i) entry of the 
hand in the water (A - entry); (ii) beginning of finger backward movement (B – first back); (iii) 
finger vertically aligned with the shoulder (C – shoulder x); (iv) end of backward movement 
(D – end back). These time moments were calculated based on the horizontal displacement 
of the finger and shoulder during the stroke cycle. The elbow angle range during the pull and 
push phases was calculated as: C-B and D-C, respectively. 
Mean (SD) computations for descriptive analysis were obtained for all variables (normal 
Gaussian distribution of the data was verified by the Shapiro–Wilk’s test). A one-way 
repeated measure ANOVA with Bonferroni post hoc was used to compare the variables 
across the 200 m. Statistical analysis was performed using STATA 10.1 (StataCorp, USA) 
and p<0.05 accepted as significant.  
 
RESULTS: Mean (SD), p- and F-values of the repeated measures ANOVA, and effects sizes 
are displayed in Table 1 for the variables tested. Changes in race parameters were observed 
as denoted by the significance level and large effect sizes. Differences for the underwater 
arm-stroke, depths, maximal elbow width and the magnitude of the elbow angle at the end 
back point were significant across the 200 m front crawl. 
 

Table 1 
Mean data (SD) and statistical comparisons between the laps across the 200 m front crawl for 

the following variables: race parameters, arm, elbow angle. 
Parameters Lap 1 Lap 2 Lap 3 Lap 4 F(3,27) p f 

Velocity (m.s-1) 1.57 
(0.08) 

1.39a 
(0.06) 

1.34a 
(0.07) 

1.35a 
(0.06) 24.58 <0.001 1.26 

Stroke length 
(m) 

2.29 
(0.23) 

2.21 
(0.17) 

2.19 
(0.13) 

2.12a,b,c 

(0.13) 4.55 0.01 0.32 

Stroke 
frequency (Hz) 

0.68 
(0.09) 

0.63 
(0.06) 

0.61a 
(0.05) 

0.64 
(0.05) 5.08 0.006 0.39 

Arm angular v 
(degree.s-1) 

2.73 
(0.42) 

2.50 
(0.26) 

2.43a 
(0.26) 

2.38a 
(0.25) 5.18 0.006 0.40 

Backward 
amplitude (m) 

0.68 
(0.06) 

0.68 
(0.07) 

0.71 
(0.09) 

0.69 
(0.10) 0.45 0.72 0.00 

Amplitude slip 
(m) 

0.56 
(0.27) 

0.57 
(0.32) 

0.56 
(0.33) 

0.58 
(0.31) 0.06 0.98 0.00 

     (continued on next page) 
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KINEMATICS IN ELITE KAYAKERS WHILE PADDLING A SLIDING ERGOMETER 
EQUIPPED WITH STANDARD AND SWIVEL SEATS 

 
Vincent Fohanno, Floren Colloud, Khalil Ben Mansour and Patrick Lacouture 

 
Institut Pprime UPR 3346, CNRS – Université de Poitiers – ENSMA, 

Département génie mécanique et systèmes complexes, Poitiers, France 
 

This study investigated the effects of two seat designs (standard versus swivel seats) at 
two paces (training and race paces) on the main kinematics parameters involved in 
kayaking performance. Eight elite athletes performed two trials at an incremental stroke 
rate. Sixteen markers were recorded by a motion capture system. Angular (trunk) and 
linear (blade tips) kinematics were calculated during aquatic phase. A Wilcoxon signed-
rank test was carried out to compare seat conditions. Results indicated a significant 
increase of pelvis and thorax rotations associated with both greater mediolateral 
displacements and velocities of the blade tips at both paces. However, complex 
interactions may limit these positive effects. While paddling on-water, the performance in 
competition was not improved significantly with the introduction of the swivel seat. 
 
KEY WORDS: flatwater kayaking, performance, equipment. 
 

INTRODUCTION: In flatwater kayaking, the final ranking is determined by the time taken to 
complete a race distance (500 m and 1000 m at the Olympics). Hence, the mean velocity of 
the athlete-paddle-kayak system (Sapk) is the external mechanical factor of on-water 
performance. The change in velocity of Sapk depends on both its mass and the four forces 
acting on this system: gravitational, buoyancy, total resistance due to aerodynamic and 
hydrodynamic drag, and blade force (e.g. Begon, Colloud & Lacouture, 2009). The 
anteroposterior component of the blade force represents the propulsive force. Its magnitude 
depends on blade shape, blade orientation, and the velocity of the submerged part of the 
blade. To create a propulsive force, this velocity must be superior to the Sapk velocity in a 
global coordinate system with corresponding vectors in opposite directions. 
Over the past twenty years, the introduction of the wing blade significantly improved 
performance by generating a propulsive force composed by both drag and lift forces 
(Michael, Smith & Rooney, 2009). To generate and properly use a lift force, the blade motion 
must be more laterally oriented than observed with conventional (flat) blades. It was shown 
that the propulsive efficiency was increased when using lift forces, explaining a large part of 
the performance improvement (Jackson, Locke and Brown, 1992). Thus, the effort required 
to propel the Sapk is assumed less important and more economical using the wing blade. 
Michael, Smith & Rooney (2009) reported that this lateral movement observed when 
paddling with a wing blade is the consequence of a larger torso rotation coupled with a larger 
knee extension (i.e. larger lower limb pedalling movement). It was suggested that torso 
rotation was used as a physiologically economical solution to move the wing blade laterally 
because larger muscles are solicited than during the extension of both shoulders and upper 
limbs. Recently, Begon, Colloud & Sardain (2010) simulated a 1000 m kayaking race 
performed on the Poitiers-A kayak ergometer. They showed an important increase of the 
energy expenditure when the pelvis was fixed, i.e. the knees were kept extended. Moreover, 
this study outlined the need to increase the pelvis rotation using the lower limbs to improve 
the performance (i.e. the blade velocity). 
Several different types of seats are currently available. They mainly differ from each other by 
the height of the backside and by the design of mechanisms that facilitate the pelvis rotation 
(e.g. swivel seat). Michael, Smith & Rooney (2010) reported that paddling an ergometer 
equipped with a swivel seat over a two-minute all-out race led to a significantly greater mean 
power output compared to paddling with a standard seat. They concluded that physiological 
responses are not sufficient and a biomechanical approach could provide a complete 
representation of how the swivel seat affects performance at race pace, i.e. a stroke rate 

 

 

width of the elbow. The range of the angles were maintained throughout the effort and were 
similar to the ones presented previously (Payton et al., 1999; McCabe et al., 2011). 
 
CONCLUSION: The fatigue induced by a maximal 200 m front crawl effort provoked 
changes in spatial underwater upper limb kinematical parameters. These results could be 
useful for coaches to evaluate the general and individual effects of fatigue on technical 
parameters of front crawl. 
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