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Abstract 

The flatwater canoeing competition is held in lake or pond that flow rate is constant. The traction and thrust force 
are expected to be at high level as well as excellent technique. Also, the 1000-m event demands high levels of both 
aerobic and anaerobic fitness. Additionally, sportive performance is affected by anthropometric characteristics. 
Therefore, the aim of this study was to determine the relationship between anthropometric variables, respiratory 
function, bio-motoric properties and 1000-m canoe performance. Eight male canoe athletes volunteered to partic-
ipate in this study (mean age: 17.125 ± 1.12 years; height: 171.86 ± 6.95 cm; weight: 61.262 ± 10.7 kg; BMI: 
20.623 ± 2.41 kg/m2). The canoe athletes underwent tests of anthropometric variables (height, weight, BMI, sitting 
height, arm span, sum of 8 skinfold, body fat percentage), respiratory function (FVC, FEV1, FEV1/FVC, PEF, 
FEF25-75 and MVV), bio-motoric properties (right and left hand-grip strength, anaerobic power and isokinetic knee 
strength) and 1000-m canoe performance. Anaerobic power was estimated by using countermovement jump height. 
Bilateral concentric isokinetic strength of the knee extensors and flexors was evaluated at 600/s and 2400/s using 
CSMI-Humac/NormTM-770 dynamometer (Humac Norm Testing and Rehabilitation System, USA). A Spirolab-III 
ergospirometer (Medical International Research, Italy) was used to measure pulmonary function. The results of 
the present study demonstrated that there were no significant relationship between anthropometric variables, res-
piratory function, bio-motoric properties and 1000-m canoe performance (p> 0.05). A limited number of investi-
gations focused on Turkish canoe athletes encourage us to design this study. Lack of training experience of partic-
ipants may affect the results. Moreover, the small sample size is limitation of the present study.  
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1. Introduction  

Flat-water canoeing race became an Olympic discipline in 1936 in Berlin. The Flat-water ca-
noeing races involve single seat kayaks (K-1), double seated kayaks (K-2), and four seated kayaks 
(K-4) (Hagner-Derengowska et al., 2014). In the flat-water canoeing events, the upper body is 
predominantly used to make the trunk rotates from seated position and the movement involves 
concurrent trunk rotation and stabilization (Mann and Kearney, 1979). Previous studies suggest 
that flat-water canoeing events require high maximal aerobic and anaerobic capacities and upper 
body muscle strength (Bishop, 2000; McKean and Burkett, 2010). Also, optimal performance in 
flat-water canoeing events is result of the complex blend of psychological, physiological, anthro-
pometric and biomechanical factors (Bishop, 2000).  

Isokinetic strength is assessed by isokinetic dynamometer that allow to measure muscle power 
in dynamic movement. Canoe athletes exert force while sitting position and the muscle strength 
of lower extremity is important as well as upper extremity. The study which evaluated canoe and 
kayak paddlers’ various performance reported that performance and isokinetic knee strength were 
                                                
1This study was presented as an oral presentation at ICSER-International Conference on Social Sciences and Education 
Research, Turkey, 2015.  
2Anadolu University, Sports Science Faculty, Department of Coaching Training in Sports, email;bircanak-
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positively correlated (Akça and Müniroglu, 2008; Hamano et al., 2015). Hamano et al. (2015) 
showed that canoe performance was significantly correlated with isokinetic strength, hand-grip 
strength and anaerobic power (Hamano et al., 2015). Similarly, other study demonstrated that 
there were a significant relationship between 200m, 500m and 1000m performance time, anthro-
pometric variables and upper body muscle strength (Akça and Müniroglu, 2008).  

Considering the limited scientific data in Turkish canoe and kayak athletes, the purpose of this 
study was to investigate some physical, anthropometric, strength and pulmonary function charac-
teristics and the relationship of these characteristics with 1000m canoe performance time. The 
anthropometric characteristic were evaluated by height, body mass, body mass index, sitting 
height, arm span, sum of 8 skinfold and body fat percentage, the strength characteristics were 
evaluated by isometric hand grip (normalized for body mass), anaerobic power estimated by coun-
ter movement jump and isometric strength of knee flexors and extensors, additionally, pulmonary 
function characteristic were evaluated by forced vital capacity (FVC), forced expiratory volume 
in one second (FEV1), the ratio of FEV1 to FVC (the Tiffeneau index), the forced expiratory flow 
(FEF25-75), the peak expiratory flow (PEF) and maximum voluntary ventilation (MVV). Due to 
the lack of scientific data about Turkish flat-water canoeists’ physiological and performance char-
acteristics, once identified these characteristics may be used for talent identification and assisted 
the coach for training strategies. 

2. Methods 

2.1. Participants  

Eight healthy male canoeists volunteered to participate in this study. All participants were 
members of the same team who had trained for 2.4 hours per day, five days a week. None of the 
participants had medical history, leg or arm injury, cardiovascular and pulmonary diseases. At the 
beginning of the study all participants were informed about possible risks and benefits of the study 
and written consents were obtained from them and from their parents or legal guardian. The study 
was conducted in accordance with the Declaration of Helsinki for experiments involving humans.  

2.2. Experimental overview 

All participants visited the laboratory two times. During visit one, the subjects’ anthropometric 
values, counter movement jump performance and isokinetic strength of the knee were measured. 
On visit 2, the hand grip strength and the pulmonary functions were evaluated. The participants 
underwent a 1000m canoe performance trial over a measured flatwater course, under race condi-
tions.   

2.3. Anthropometry 

Height and sitting height were measured using a stadiometer (Holtain, Britain) and body mass 
was estimated by bioelectrical impedance analyzer (BIA) (Tanita MC-180-MA, Japan). Arm span 
was measured using a metal anthropometric tape, between the distal ends of the third fingers, as 
subjects stood with outstretched arms in a horizontal plane. The subjects’ 8 skinfold sites (brachii, 
biceps brachii, suprailiac, supraspinale, abdominal, subscapular, anterior thigh, and calf skin-
fold thickness) were measured using a skinfold caliper (Holtain, ltd, England) to the nearest 0.2 
mm. The median of three values was used for data analysis. Body density was predicted using the 
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equation of Durnin and Womersley (Durnin and Womersley, 1974) (Formula 1) and body fat was 
estimated using the equation of Siri (Siri, 1956) (Formula 2). Additionally the body mass index 
(BMI) was calculated (Formula 3).   

Body density = 1.1533-0.0643logΣ4 (boys)    Formula 1                                           

Σ4: Sum of 4 skinfold as suprailliac, biceps, subscapular and triceps 

(Durnin and Womersley,1974) 

Body fat = ((4.95/body density)-4.5) × 100    Formula 2                                                                  

(Siri,1956) 

BMI = Weight (kg) / Height(m)2      Formula 3  

2.4. Counter movement jump tests and anaerobic power  

All participants started with a standardized warm-up of 5-7 minute of cycling at 55-60 rpm 
against no load (894 Ea, Peak Bike by Monark AB, Sweden) and 5-7 minute of stretching. Fol-
lowing the warm-up, subjects rested for 5-min. After a familiarization session (learning the proper 
techniques of the jump condition) each participant performed three maximal voluntary counter 
movement jumps (CMJ) and the best value of the three trials was used for further analysis. The 
CMJ was performed using a dedicated force platform (Fusion Sport, Old, Australia) from an up-
right standing position, with the hands fixed on the hips and with a counter movement preparatory 
phase. Sufficient recovery time was given among trials (more than 2 minutes). The power output 
(CMJpower) value was calculated using the following formula (Rogers, 1990).   

CMJpower (kg.m/s) = √4.9 x body weight (kg) x √jump height (m) Formula 4 

2.5. Isokinetic strength 

Bilateral concentric isokinetic strength of the knee extensors and flexors was measured using 
the CSMI-Humac/NormTM-770 model (Humac Norm Testing and Rehabilitation System, USA). 
Before each testing session, the dynamometer was calibrated in accordance with the manufac-
turer’s recommendations. Knee extension and flexion were performed with the subjects in an 
upright seated position, with their hands gripping the sides of the dynamometer chair. Stabilizing 
straps were placed around the thorax, pelvis and the thigh. The resistance shin pad was placed at 
a level just above the medial malleolus. Peak isokinetic concentric knee extension and flexion 
torque of both legs were evaluated at 2 angular velocities: 60, and 240ᵒ/s. Contractions were per-
formed through a range of 0 - 90 (full extension defined as 00). Subjects were instructed to com-
plete 3 submaximal trials at 60 and 5 submaximal trials at 240ᵒ/s angular velocity for familiariza-
tion and warm-up purpose. Subjects then performed 5 maximal repetitions of knee extension and 
flexion at 60ᵒ/s angular velocity and 30 maximal repetitions at 240ᵒ/s angular velocity. A 30-s 
time interval was provided between familiarization and test session (Çakır-Atabek et al., 2009; 
Tsiokanos et al., 2002) whereas a 2-min rest period was given between each test velocity (Çakır-
Atabek et al., 2009; Malliou et al., 2003). In addition, a break of at least 2-min was given when 
the machine setting was changed for the opposite leg. The order of testing was randomized for 
the dominant and non-dominant legs. Verbal encouragements and visual feedback were given by 
investigator to all participants to help them concentrate on the quality of their movements. The 
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greatest peak torque (Nm) for knee extension and flexion (out of the 5 and 30 trials in each ve-
locity) and fatigue index (FI) and total work (TW) were calculated automatically by the Hu-
mac®/2004 and served as the outcome measure. 

2.6. Hand-grip isometric strength 

Each participant was given a brief demonstration and verbal instructions for the hand-grip test 
using the Takei T.K.K.5101 digital hand-grip dynamometer (Takei Scientific Instruments Co. 
Ltd, Tokyo, Japan). If necessary the grip opening was adjusted according to the subject’s hand 
size. The test was conducted for both the dominant and non-dominant hand, in standing, with 
shoulder adducted and neutrally rotated and the wrist and the elbow in full extension. The dyna-
mometer was held freely without support, not touching the subject’s trunk (Koley et al., 2011). 
Three trials were allowed with sufficient recovery period and the highest score was recorded in 
kilograms (kg) as peak grip strength.  

2.7. Pulmonary functions 

A Spiro lab III ergo spirometer (Medical International Research) was used to measure pulmo-
nary functions. The spirometric values were measured when the subjects were in seated position. 
Wearing a nose clip, and following a maximal inspiration, subjects performed a maximal expira-
tion for the determination of forced vital capacity (FVC), forced expiratory volume in one second 
(FEV1), the ratio of FEV1 to FVC (the Tiffeneau index), the forced expiratory flow (FEF25-75), 
the peak expiratory flow (PEF) and maximum voluntary ventilation (MVV). 

2.8. 1000 m Canoe performance 

The participants underwent a 1000m canoe performance trial over a measured flatwater 
course, under race conditions.  

2.9. Statistical analysis  

All values were presented as mean ± standard deviation. The correlations between anthropo-
metric variables (age, height, body mass, body mass index, sitting height, arm span, sum of 8 
skinfold and body fat percentage), respiratory function (FVC, FEV1, FEV1/FVC, PEF, FEF25-75 
and MVV) and bio-motoric properties (hand grip strength, anaerobic power and isokinetic 
strength) was evaluated using the Pearson Product Moment Correlation analysis. All analyses 
were executed using the SPSS for windows version 16.0 and statistical significance was set at p 
< 0.05. 

3. Results  

General physical and anthropometric characteristics and correlation analysis of these values 
with 1000m canoe performance time of the participants are presented in Table 1. The results 
indicated that there were no significant correlations between anthropometric variables and 1000m 
canoe performance time (p>0.05). 

The hand grip strength and the anaerobic power values and correlation analysis of these values 
with 1000m canoe performance time of the participants are presented in Table 2. There were no 
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significant correlations between hand grip strength (for both absolute and relative values), anaer-
obic power estimated by vertical jump performance and 1000m canoe performance time (p>0.05). 

Table 1. General physical and anthropometric characteristics of the flat water canoe athletes 
(n=8). 

Variables Mean ± sd Minimum - Maxi-
mum 

Correlation with 1000 m per-
formance (r) 

Age (years) 17.125 ± 1.12 15.00 - 18.00 -0.121 

Height (cm) 171.86 ± 6.95 160.1 - 181.8 0.210 

Body mass (kg) 61.262 ± 10.7 50.85 - 78.50 0.238 

BMI  (kg/m2) 20.623 ± 2.41 18.48 - 24.95 0.180 

Sitting Height (cm) 91.231 ± 3.48 84.35 - 94.60 0.125 

Arm Span (cm) 174.00 ± 8.51 161.3 - 184.7 0.148 

Sum of 8 Skinfold (mm)* 74.783 ± 21.6 47.87 - 103.6 0.231 

Body Fat Percentage (%) 17.465 ± 3.08 13.81 – 21.81 0.283 

Best canoe performance 
K1 1000 (min:s:ss) 

05:48:28 ± 
00:49:17 04:45:33 - 06:58:39  

BMI: Body mass index 
*Sum of triceps brachii, biceps brachii, suprailiac, supraspinale, abdominal, subscapular, anterior thigh, 
and calf skinfold thickness. 
 

Table 2. The hand-grip strength and the anaerobic power values of the flat water canoe athletes 
(n=8). 

Variables Mean ± sd Minimum - Maximum Correlation with 1000 m per-
formance (r) 

Hand–grip of right arm (kg) 38.06 ± 6.35 30.40 – 45.00 -0.235 

Normalized hand –grip 
of right arm (kg.kg-1) 0.619 ± 0.11 0.420 – 0.730 -0.466 

Hand–grip of left arm (kg) 37.29 ± 5.09 30.00 – 44.90 0.022 

Normalized hand –grip 
of left arm (kg.kg-1) 0.605 ± 0.08 0.480 – 0.700 -0.369 

Anaerobic power (kg.m/s)* 77.45 ± 12.8 62.70 – 95.82 0.181 

*Anaerobic power (kg.m/s) estimated by vertical jump performance 
 

The pulmonary function tests values and correlation analysis of these values with 1000m canoe 
performance time of the canoe athletes are presented in Table 3. The results demonstrated that 
there were no significant correlations between FVC, FEV1, FEV1/FVC, PEF, FEF25-75 and MVV 
and1000m canoe performance time (p>0.05).    
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Table 3. Pulmonary function tests values of the flat water canoe athletes (n=8). 

Variables Mean ± sd Minimum - Maximum Correlation with 1000 m 
performance (r) 

FVC (L) 5.088 ± 0.75 3.800 – 6.140 0.533 

FEV1 (L) 4.077 ± 0.92 2.770 – 5.150 -0.111 

FEV1/FVC (%) 80.36 ± 15.1 57.60 – 95.10 -0.467 

PEF (L/sn) 5.948 ± 2.30 2.860 – 8.870 -0.304 

FEF25-75 (L/sn) 4.387 ± 1.45 2.600 – 5.830 -0.248 

MVV (L) 152.1 ± 19.9 125.0 – 187.4 0.439 

 
Moreover, the values of isokinetic strength of knee extensor and flexors (peak torque, fatigue 

index and total work measured at 240ᵒ/s) and correlation analysis of these values with 1000m 
canoe performance time of the canoe athletes are presented in Table 4. No significant correlation 
was determined between these variables (p>0.05). 

Table 4. Isokinetic knee strength values of the flat water canoe athletes (n=8) (in Nm). 

Variables Mean ± sd Correlation with 1000 m per-
formance (r) 

600/s Right knee extension 122.66 ± 20.07 -0.167 
 Right knee    flexion 114.33 ± 28.00 0.054 
 Left knee extension 164.37 ± 98.41 0.537 
 Left knee      flexion 151.00 ± 91.19 0.443 
2400/s Right knee extension 123.50 ± 49.89 0.597 
 Right knee    flexion 153.75 ± 104.7 0.453 
 Left knee extension 145.50 ± 119.9 0.498 
 Left knee      flexion 150.75 ± 94.11 0.464 
2400/s FI of right knee extension   23.625 ± 28.44 -0.673 
 FI of right knee flexion 26.375 ± 9.826 -0.195 
 FI of left knee extension   24.000 ± 15.91 -0.353 
 FI of left knee flexion   27.250 ± 9.145 -0.468 
2400/s TW of right knee extension   2593.87 ± 1984.2 0.530 
 TW of right knee flexion 2938.00 ± 2306.4 0.437 
 TW of left knee extension   2706.75 ± 2298.2 0.520 
 TW of left knee flexion   2779.50 ± 1822.3 0.482 
FI: Fatigue index; TW: Total work 

4. Discussion  

The purpose of this study was to investigate some physical, anthropometric, strength and pul-
monary function characteristics and the relationship of these characteristics with 1000m canoe 
performance time of Turkish canoeists. The results of the present study indicated that measured 
anthropometric, strength and pulmonary function characteristics were not significantly correlated 
with 1000m canoe performance time in Turkish flat water canoe athletes.    

Anthropometric characteristics of the athlete is a very important factor to impact canoe per-
formance (Robinson et al., 2002). A lots of physical and physiological parameters such as anthro-
pometric, strength, aerobic and anaerobic power factors contribute to performance in flat-water 
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canoeist (Fry and Morton, 1991; Sklad et al., 1994). Anthropometric characteristics are important 
factors because of lengths of some limbs could affect performance in rowing or canoe (Bishop, 
2000; Robinson et al., 2002; Shephard, 1987; Sklad et al., 1994). Ackland et al. (2003) suggested 
that both male and female canoeist/paddlers have a homogenous shape and size (Ackland et al., 
2003). Top level athletes have less body fat and more lean body mass (Ackland et al., 2003; 
Sitkowski, 2002). Similarly,  Akça and Müniroğlu (2008) reported that Turkish flat-water pad-
dlers’ anthropometric variables were close to the British U.S. national team athletes’ anthropo-
metric variables (Akça and Müniroglu, 2008). Also, Humphries et al. (2000) reported that amateur 
canoeist anthropometric values were the same as the elite kayakers (Humphries et al., 2000). Ad-
ditionally, Hamano et al. (2015) showed that there was a positive relation between anthropometric 
variables and performance time (Hamano et al., 2015). The results of the present study is not 
consistent with the results of the mentioned studies (Akça and Müniroglu, 2008; Hamano et al., 
2015). First, higher values were reported for the anthropometrics characteristic (Akça and 
Müniroglu, 2008) compare to our data (Table 1). The participants of the present study were 
younger (17.125 ± 1.12 vs 21.54 ± 2.16 (years)), shorter (171.86 ± 6.95 vs 178.89 ± 6.8 (cm)) and 
lightweight (61.262 ± 10.7 vs 77.4 ± 8.10 8 (kg)) than participants volunteered in mentioned study 
conducted by Akça and Müniroğlu (2008). This may explain the conflicting results of the study. 

Assessment of athlete’s anthropometric characteristics and fitness level could show to coach 
or specialist how they can improve performance or use talent identification. For this reason, find-
ing out relationship between real sport specific performance and anthropometric characteristics 
or fitness level is very important to use this information in practice. Considering the limitation of 
the specific sport and age group, we can only compare our data to those of similar sports and 
different mostly older age group. Someren and Palmer (2003) reported that there was a significant 
correlation between 200m canoe performance and anthropometric variables such as body mass, 
the lean body mass, sum of skinfolds and body fat percentage (Someren and Palmer, 2003). Sim-
ilarly, 1000m kayak performance time was significantly correlated with chest girth (Fry and 
Morton, 1991). Kerr et al. (2008) reported that some physiological variables (VO2max, Heart rate 
etc.) were significantly correlated with 1000m performance time and they suggested that coach 
can use the performance time in talent identification (Kerr et al., 2008). The results of the present 
study demonstrated that the anthropometric characteristics were not significantly correlated with 
1000m canoe performance time. We measured only 1000m canoe performance time and this lim-
its our discussion.  

In terms of fitness, canoe athletes have high aerobic and anaerobic capacities (Bishop, 2000) 
also, they lift the weights as much as other athletes who participated in required upper limb muscle 
strength (Nakagaki et al., 2008). Tesch (1983) suggested that elite paddlers had a well-developed 
anaerobic capacity for upper body (Tesch, 1983). Also, the another study reported that paddlers 
could cope with at least twice the anaerobic power than sedentary subjects (Pendergast et al., 
1979). On the other hand, Pyke et al. (1973) suggested that to assess to work the only hand/arm 
cranking on an ergometer does not closely simulate the movements required on the water. Specific 
ergometer may use to allow for an accurate comparative analysis (Pyke et al., 1973). In the current 
study we estimated the anaerobic power by CMJ height. The results indicated that neither isomet-
ric hand grip strength nor anaerobic power was correlated with 1000m canoe performance time. 
The study’s sample size was small and this is one of the limitation of the present study. The teams 
that we work with included only 8 experienced athletes on their roster. 
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The functional state of the respiratory system can be conventionally determined by measuring 
the lung volumes and capacities (Atan et al., 2013). Numerous studies reported that there were no 
significant differences between groups of athletes engaged in different sports for pulmonary func-
tion properties (Kara et al., 2010; Kürkçü et al., 2009; Moğulkoç et al., 1997; Triki et al., 2013). 
Moğulkoç et al. (1997) recorded that the FEV1 values of control, basketball and track and field 
athletes groups were 86.26 ± 4.20 L, 86.56 ± 4.21 L and 88.29 ± 3.90 L respectively and added 
that there were no significant differences between groups (Moğulkoç et al., 1997). Similarly FVC, 
FEV1, PEF and FEV1/FVC values were compared between group of athletes engaged in different 
sport training and it was demonstrated that there were no significant differences between groups 
[wrestling vs. basketball (Kara et al., 2010); football vs. badminton (Kürkçü et al., 2009); football 
vs. judo (Triki et al., 2013)]. As it can be seen the values of pulmonary function characteristics 
recorded in the current study are similar to those reported in aforementioned studies. Additionally, 
the values of pulmonary function characteristics recorded in the current study are near to those 
reported by Çakır-Atabek (2015) which values were obtained from volleyball, basketball, hand-
ball, badminton, futsal and football male players (Çakır-Atabek, 2015). The results of the current 
study demonstrated that the pulmonary function characteristics were not correlated with 1000m 
canoe performance time. Lack of research data makes it difficult to discuss these findings. 
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