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ABSTRACT

The purposes of this study were to determine the anthropometric, physiological and performance charac-
teristics of elite and sub-elite canoe slalom athletes and to determine the relationship between these cha-
racteristics and performance in selection races for the Olympic Games in Rio de Janeiro 2016. Eighteen
male single-canoe (C1) slalom athletes (20.9+5.1yr) performed a battery of tests including anthropometric
parameters and somatotypes, upper-body anaerobic power (Wingate test), maximal muscular strength (ben-
ch-press, bench-pull, handgrip dynamometry), aerobic power (treadmill running test), and specific on-water
tests (40m and 200m sprints with spins). Additionally, Spearman’s correlation were conducted and multiple
regression analysis was used to determine the relationship between the results of on-water tests and the final
race rankings.

Canoe slalom athletes were 180.6+4.1cm tall and 74.4+4.6kg with an ectomorphic mesomorph somatoty-
pe (1.6-4.9-2.8). They are further characterized by a treadmill VO2max of 62.7+3.0ml-kg-min-1 and high
values of anaerobic upper-body peak power (9.4x1.1W-kg-1) and mean power (7.420.7W-kgl). Their ben-
ch-press 1 repetition maximum (1RM) was 95x15kg, bench-pull IRM was 93+9.5kg, and handgrip strength
was 49.3+7.5kg. Race performance was significantly correlated (p<0.01) with bench-press IRM (rs=0.60),
normalized upper-body peak and mean anaerobic power (rs=0.57), and on-water tests (rs=0.62 to 0.85).
By multiple regression analysis, it was possible to predict race ranking based on water performance tests
(R2=0.78; SEE=2.75).

The results of this study can assist coaches, and trainers in racionalization of training programmes for canoe
slalom athletes.
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SOUHRN

Cilem studie bylo stanovit antropometrické, fyziologické a vykonové charakteristiky vrcholovych a vykon-
nostnich vodnich slalomdfii a zjistit vztahy mezi témito charakteristikami a vykonnosti v nominacnich
zdvodech na Olympijské hry v Riu de Janeiru 2016. Vyzkumny soubor slozeny z 18 zdvodnikii kategorie
single-canoe (C1) ve véku 20,9%5,2 vykonal baterii testii zahrnujici méfeni antropometrickych parametrii
a somatotypu, anaerobniho vykonu hornich koncetin (Wingate test), maximdlni svalové sily (bench-press,
pfitah a rucni dynamometrie), aerobniho vykonu (spiroergometricky stupriovany test na béhdtku) a sprintii
na klidné vodé s otockami na vzddlenost 40 a 200m. Vztah s vykonnosti v zdvodech byl zjistovin prostied-
nictvim Spearmanovy pofadové korelace. K zjisténi moznosti predikce vykonnosti v zdvodech na zdikladé
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INTRODUCTION

Since 1992, the Olympic discipline of canoe sla-
lom has been contested on a whitewater course
with athletes navigating through a combination
of upstream and downstream gates. According to
the rules, there are two main types of boats for a
single competitor: kayak (K1), which is performed
in a seated position and a paddle with two blades,
and canoe (C1), which is performed in a kneeling
position and a paddle with one blade (International
Canoe Federation, 2017). Depending on the length
of the course, difficulty of the rapids, and number of
gates (18-25), the duration of an official canoe sla-
lom competition can range from 90 to 120s (Nibali,
Hopkins & Drinkwater, 2011). To paddle at maxi-
mal intensity for 90 to 120 s, it is likely that a multi-
tude of physical skills are required such as aerobic
and anaerobic power, strength, coordination, and
speed (Zamparo et al., 2005).
But scientific knowledge about physical require-
ments, ability level of top-performance athletes and
relationships between condition and race perfor-
mance is still insufficient. While in the canoe sprint
discipline there is a number of relevant complex
studies (e. g. Akca & Muniroglu, 2008; Hamano et
al.,, 2015; McKean & Burkett, 2009; Sitkowski, 2002;
Van Someren & Howatson, 2008) and similar stu-
dy was made in canoe polo (Alves et al., 2012) and
even in case of outrigger canoe paddlers (Humpries
et al., 2000), in canoe slalom we can find only secti-
onal studies such as the study by Ridge et al. (2007)
about morphology, Bily et al. (2012) about body
structure or about bioenergetics of K1 (Zamparo et
al., 1999; 2005). In addition, most studies in canoe
sprint and canoe slalom is about K1 category, but
C1 category is different and there is still lack of C1
data. Considering the relative novelty of this sport
and limited scientific literature, mainly in the C1

uvedenych parametrii byla vyuZita vicendsobnd regresni analyza.

Télesnd vyska a hmotnost kanoisti cinial 180,6+4,1cm, resp. 74,4+4,6kg, z hlediska somatotype je charak-
terizujeme jako ektomorfni mezomorfy. Ddle jsou charakteristiéni hodnotou aerobniho vykonu VO2max
62,7+3,0ml-kg-min-1 a vysokou hodnotou maximdlniho (9,4+1,1W-kg-1) a prismérného (7,4+0,7W-kgl)
vykonu dosazZeného pti anaerobni prdci hornich koncetin. Maximdlni sila prokdzand pti 1 opakovacim
maximu (OM) cviku bench-press Cinila 95+15kg, pfi cviku ptitah 93+9.5kg a pfi maximdlnim stisku ruky
49,3+7,5kg. Vykonnost v nominacnich zdvodech byla vyznamné (p<0,01) s 10M cviku bench-press (rs=0,60),
normalizovanym maximdlnim a primérnym vykonem pti Wingate testu hornich koncetin (rs=0,57) a testy
na vodé (rs=0,62-0,85). Vykonnost v nominacnich zdvodech je mozné predikovat na zdkladé 3 vysledkii pti
sprintech na klidné vodé prostrednictvim vicendsobné regresni analyzy (R2=0,78; SEE=2,75).

category, the purposes of this study were to deter-
mine the anthropometric, physiological, and per-
formance characteristics of elite and sub-elite canoe
slalom athletes and to determine the relationship
between these characteristics and performance in
selection races for the Olympic Games in Rio de
Janeiro 2016.

Methods

Participants (Subjects)

Eighteen males from the Czech Republic
(20.9£5.1yr, range = 17 to 32), who were compe-
ting in selection races for the 2016 Olympic Games
in Rio de Janerio, participated in the study. All of
these athletes were ranked among the top 25 Czech
C1 competitors. Among these competitors was the
complete representation of the senior (n=3), U23
(n=3), and junior (n=3) national teams, with one
senior team member eventually competing in the
Olympic Games. To be included in the study, parti-
cipants must have logged at least 400 self-reported
of on-water and dry-land training hours (e.g. tech-
nical, conditional, and tactical training).

The athletes signed an institutionally approved
informed consent form after they had received a
verbal and written explanation regarding the pro-
cedures of the testing procedures. For participants
under the age of 18, written consent was provided
by the parent or legal guardian. The research was
approved by the university’s local ethics committee.

Study design

Four weeks before the Olympic Games selection
races, all athletes perfomed the three-day testing
battery according to the timetable in Table 1. We
evaluated selected conditioning indicators of anth-
ropometry, muscular strength, upper-body ana-
erobic power and aerobic power and we determi-
ned the relationships between these indicators and
overal race ranking in selection races on Olympic
Games. In total, 4 selection races in two weekend



took place, 3 individually best of them were counted
in the overal ranking. In our research overal race
ranking is a dependent variable, while tests values
are independent variables.

Anthropometric measurement

Measurements were performed by a only one expe-
rienced investigator. All variables were measured
on the right side of the body. The standard proce-
dures for each measurement, as supported by Inter-
national Society for the Advancement of Kinanth-
ropometry and reported in Bloomfield et al. (2003)
or Norton & Olds (1996) and used by Ridge et al.
(2007) in morphological study of 74 canoe slalom
2000 Olympic Games athletes, were followed at all
times. The somatotype was calculated using the
method of Carter & Heath (1990) using the soft-
ware programme Somatotype 1.2.5 (available from:
http://goulding.ws/somatotype/). Body fat percen-
tage was calculated by Patizkova (1977) predicti-
on equition, which is based on measurement of 10
skinfolds by caliper of type Best with precision of
0.1cm (pressure on skinfold 28g/mm?2).

Upper-body anaerobic power: Wingate test

The upper-body Wingate anaerobic test was per-
formed as described by Inbar, Bar-Or & Skinner
(1996) on modified arm-crank asynchrony ergo-
meter Monark 4.0. Each test was proceded by a 5
minute warm-up at the inertial resistence of the
equipment. After the 5 minute rest, the participants
were verbally encouraged at the highest possib-
le speed against a resistance of 4W.kg-1 (0,069kg.
kg-1) according to Heller, Vodicka & Pribanova
(2001). The highest external power output produ-
ced was used to represent the peak power, whereas
the arithmetic mean of the power generated over
the 30s corresponded to the mean power. Peak
post-exercise lactate was measured 5 minute after
test ending.

Muscle strength

Maximal dynamic strength was determined by a
one-repetition maximum (1-RM) test. The test was
conducted in standard and universaly accepted
bench-press and pull-up (Baker & Newton, 2004)
as was used by McKean & Burkett in case of canoe
sprint kayakers (2009). Following a warm-up set,
four sets of decreasing reps (4,3,2,1) and increasing
loads (50,70,90,95%) were performed before a IRM
was attempted. Several attempts at 1RM were then
made and if succesful, further weight was added un-
til IRM was reached. Three to four minutes rest was

allowed between attempts. Tests were provided by
certified coaches and research workers. Handgrip
isometric strength was assesed with a conventional
dynomemeter (Takei, model T.K.K.5401). The best
of three consecutive trials with the dominant arm
was considered for data analysis. A 30s recovery
was allowed between trials.

Spiroergometry: maximal incremental test on a tre-
admill

A maximal incremental running test was performed
on a treadmill (Quasar, Cosmos, Germany). After a
4 minute warm-up at 10km.h-1 and 12km.h-1, the
speed was increased by 1km.h-1 every minute until
exhaustion. The slope of the belt was 5%. The par-
ticipants received strong verbal encouragement to
continue as long as possible. Maximal oxygen upta-
ke (VO2max) and another physiological indicators
were measured by analyser Metamax 3B (Cortex,
Germany). Heart rate was monitored during the
test with a heart rate transmitter (model $810, Polar,
Finland) coupled whith the Metamax 3B analyser.
The maximum value of all physiological indicators
was defined as the highest value obtained during
the last 30s interval.

On-water testing

The on-water testing took place on the flat-water
artificial channel in Racice (Czech republic), whe-
re standard conditions of zero flow and the same
depth are set. Testing was not negatively affected
by weather. After individual warm-up, participants
starter in three sprints:

1. 40m with one spin after 20m on the side of
paddling (on-hand spin),

2. 40m with one spin after 20m on the opposite
side of paddling (back-hand spin),

3. 200m with two on-hand spins (after 40 and
120m) and two back-hand spins (after 80 and
120m).

Channel in Radice is intended for use of training
and racing in rowing and canoe sprint. Therefore
there are precisely marked distances in interval of
every 10m by buoys. Every sprint started from the
place and was measured by three experienced canoe
slalom coaches of highest coaching license. Result
of the sprint is the mean of two most similar times,
objectivity correlation between two times was very
high (r=0.97-0.99;p<0.001). Participants started



Table 1: Timetable of research procedures.

Day 1 17:00 Maximal strength testing (bench-
press, bench pull)
Day2 9:00 Anthropometry measurement
10:00 Takei handgrip dynamometry
30s Wingate test of upper-body
14:00 Spiroergometry: treadmill run-
ning test
Day3 9:00 On-water testing (40m with right
spin, 40m with left spin and 200m
whith two right spins and two left
spins)

from the place and time has begun to be measured
with the first starting movement. The blood sample
from the finger to determine the lactate level was
taken 5 minutes after the 200m was completed.

Statistical analysis

Data are expressed as mean, standard deviati-
ons and the range. To determine the relationship
between race performance and test values was used

Sperman’s correlation coeficient (rS). To predict
the ranking in the races based on the results of on-
water tests was used linear multiple regression ana-
lysis. Statistical significance was set at p<0.01.

Results

The selected anthropometric characteristics of the
participants are presented in Table 2. Data from
the strength, Wingate test and spiroergometry

Table 2: Anthropometric p.

ameters.

Variable

Meants (range) of
all athletes (n=18)

Correlation  with
race performance
(rS)

Meanzs (range) of
Senior Czech Nati-
onal Team (n=3)

Meanzs (range) of
Junior Czech Nati-
onal Team (n=3)

Body height (cm) [ 180.6+4.6 -0,13 179.1£1.9 180.0+2.8
(175.6-191.7) (176.6-181.1) (176.8-183.7)
Body weight (kg) | 74.4+4.6 -0.08 75.1+4.6 72.5+4.4
(65.0-81.4) (69.2-80.4) (68.1-78.5)
BMI (kg.m?) 22.8+1.7 0.04 23.6+1.8 22.2+0.7
(18.6-25.8) (21.4-25.8) (21.7-23.2)
Sitting height (cm) | 93.2+2.6 -0.28 93.1+1.3 92.7%x1.2
(87.1-99.7) (91.8-94.9) (91.1-94.1)
Arm span (cm) 186.4+3.8 -0.41 189.2+4.7 187.0+1.6
(181-195) (183.5-195) (185.0-189.0




Humerus breadth | 7.2+0.4 0.06 7.4+0.4 6.8+0.5
(cm) (6.1-7.8) (6.8-7.8) (6.1-7.2)
Femur breadth | 10.0+0.5 -0.21 10.3+0.5 9.5+£0.3
(cm) (9.1-10.8) (9.6-10.7) (9.1-9.9)
Flexed dominant | 34.2+2.0 0.14 35.4+1.8 32.3+1.3
arm girth (cm) (30.5-37.6) (33.1-37.6) (30.5-33.5)
Flexed fominant | 27.1+1.3 0.07 27.7+0.6 25.6+0.7
forearm girth (cm) | (25.0-29.8) (27.2-28.5) (25.0-26.5)
Chest girth (cm) 95.2+4.6 0.33 98.2+3.0 91.9+£2.9
(85-102) (94-101) (89.4-96.0)
Sum of 4 skinfolds | 23.6+3.2 0.53 19.3+£0.9 25.0+£0.8
(mm) (17.5-28) (18.0-20.0) (24.0-26.0)
Endomorphy 1.6+0.3 -0.25 1.320.2 1.7£0.1
(1-2) (1.1-1.5) (1.5-1.8)
Mesomorphy 4.9+1.2 -0.02 5.7%1.2 3.6x0.5
(3.1-7.1) (4.1-7) (3.1-4.3)
Ectomorphy 2.8+0.9 -0.02 2.5£0.9 3.0+£0.2
(1.4-5.4) (1.4-3.7) (2.8-3.2)
Sum of 10 skin- | 52.8+7.5 0.41 44.0+3.7 55.7£1.2
folds (mm) (39.0-68.0) (39.0-48.0) (54.0-57.0)
Body fat (%) 8.6x2.0 0.43 6.3+1.1 9.3+0.3
(4.8-12.2) (4.8-7.4) (8.9-9.6)

are presented in Table 3. Data obtained from on-
water testing are presented in Table 4. Differences
between senior and junior National Team and rela-
tionships with the race performance are presented

in these table too.

Czech C1 competitors had an average (Riegerova et
al,, 2010) body height and weight. Only three par-
ticipants had body weight over 80kg (80.4-81.4).
Senior Czech National Team (the absolutely best

three competitors of Czech republic) are in in com-

Table 3: Strength, Wingate test and spiroergometry results.

Variable

Meants (range) of
all athletes (n=18)

Correlation  with
race performance
(rS)

Senior Czech Nati-
onal Team (n=3)

Junior Czech Nati-
onal Team (n=3)

(Wkg™)

Upper-body peak | 703+111 -0.41 764176 664129
power (W) (483-899) (657-831)

Normalized upper- | 9.4+1.1 0.57 (p<0,01) 10.2+0.6 9.2+0.8
body peak power [ (7.4-11.0) (9.5-11.0) (8.3-10.3)




Upper body mean | 555+75 0.53 603+55 538+19.0
power (W) (398-679) (537-671) (511-555)
Normalized upper | 7.4£0.7 0.57 (p<0,01) 8.0+0.3 7.5+0.5
body mean power | (6.1-8.6) (7.8-8.4) (7.0-8.2)
(Wkg™")
Wingate test lactate | 11.4+2.4 -0.37 12.1+3.2 12.8+2.6
level (mmol.l"") (7.9-16.4) (8.4-16.2) (10.5-16.4)
1-RM bench-press [ 94.7£15.9 0.58 (p<0,01) 112.3+16.7 80.7£0.9
(kg) (80-130) (90-130) (80-82)
Normalized 1-RM | 1.27+0.18 0.60 (p<0,01) 1.48+0.13 1.11+0.05
bench-press  (kg. [ (1.04-1.61) (1.30-1.61) (1.04-1.17)
kg")
1-RM pull-up (kg) | 93.0+9.5 021 98.7+7.5 85.0+2.9
(80-110) (88-104) (81-88)
Normalized 1-RM | 1.23+0.08 0.33 1.31+0.04 1.17£0.06
pull-up (kg.kg?) (1.06-1.37) (1.27-1.37) (1.09-1.24)
Handgrip peak | 49.3£7.5 0.16 54.1+4.2 44.9+2.3
of dominant arm | (36.4-63) (48.3-58.0) (42.4-47.9)
(kgf)
Normalized]|63.6+2.8 0.17 65.2+1.4 63.7£2.2
VO2MAX (ml. | (57.1-67.1) (64.1-67.1) (61.8-66.7)
kg.min-1)
Running speed at|17.2+0.8 0.15 17.7£0.5 17.3+£0.9
VO2MAX (km.h') | (16-18) (17-18) (16-18)
Maximum  heart | 188+3.2 0.29 188+1.4 190+4.3
rate (beats.min™!) (183-196) ((187-190) (186-196)
Running test lacta- [ 11.2+0.5 0.20 11.3+0.2 11.3+£0.5
te level (mmol.l ') | (10.3-11.9) (11.1-11.6) (10.8-11.9)

parison with best juniors different in higher meso-
morphy, lower body fat and bigger girths of arms
and chest. They are more muscular, but they keep
their weight low by reducing body fat. However, no
significant relationships between anthropomtric
parameters and race performance were found.

Significant and moderately strong relationship with
race performance were found at normalized upper-
body peak and mean power and with 1-RM and
normalized 1-RM Bench-press. On the contrary,
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no significant relationship with race performance
were found at VO2max and other spiroergometry
indicators. Senior Czech National Team had biggest
values of all measured indicators. The biggest dife-
rences were found especially at upper-body peak
power, 1-RM bench-press and handgrip.

The sprints signifacantly and strongly correlated
with race performance. Correlation between
sprints and race performance are the strongest cor-
relations of all measured variables. Based on the
three sprints we can predict race ranking by line-




Table 4: Results of on-water tests.

hand spin (s)

(16.75 to 20.13)

(17.15 to 17.47)

Variable Meanzts (range) of all | Correlation with race | Senior Czech National | Junior Czech National
athletes performance (rS) Team (n = 3) Team (n = 3)
(n=18)

40m sprint with 1 on- | 17.78 +0.84 0.62 (p<0.01) 17.28 £0.13 17.76 £ 0.71

(16.75 to 18.32)

40m sprint with 1 back-
hand spin (s)

19.01 + 1.00
(17.5 to 21.33)

0.86 (p<0.01)

18.14 + 0.42
(17.63 to 18.66)

18.88 +0.58
(18.09 to 19.3)

200m sprint with two
on-hand spins and two

back-hand spins (s)

9521 + 4.54
(88.74 to 107.0)

0.80 (p<0.01)

92,53 +2.20
(90.02 to 95.38)

93.40 + 3.30
(88.74 to 95.74)

200m test lactate level

(mmol. 1)

8.5+2.1
(4.8 t0 12.6)

0.40

8.6+ 1.3
(6.8 to 10.0)

81+1.1
(7.0 t0 9.7)

ar multiple regression (R2=0.78; SEE=2.74). Sha-
pe of the regression eqation is: y=58.16+0.079x1-
4.85x2+7.70x3, where x1 is the results of 40m sprint
with one on-hand spin, x2 is the result of 40m sprint
with one back-hand spin and x3 is 200m sprint with
two on-hand and two back-hand spins.

Discussion

The purpose of this study was to determine the
anthropometric, physiological and performance
characteristics of elite and sub-elite canoe slalom
athletes and to determine the relationship between
these characteristics and performance in selecti-
on races for the Olympic Games in Rio de Janeiro
2016. By the watching the international race results
(International Canoe Federation, 2017) Czech
republic is one of the most successful countries in
this sport, with a large base of competitors. There-
fore our results could have a high general disclosure
value.

Body height and body weight of Czech C1 athle-
tes were very similar to other canoe slalom studies
(Ridge et al., 2007; Bily et al.,, 2013). In compari-
son with canoe sprint athletes (Ackland, Ong, Kerr
& Ridge, 2003; Gutnik et al., 2015), canoe slalom
athletes are smaller, lighter, and have less muscu-
lar somatotype, but they have propably very similar
body fat percentage. In comparison with internati-
onal elite canoe sprint athletes (Van Someren & Pal-
mer, 2003; Van Someren & Howatson, 2008), Czech
National Canoe Team has lower values of flexed
dominant arm (35.4%1.8 vs. 36.9+1.3), forearm gir-
th (27.740.6 vs. 31.3+1.1) and chest girth (98.2+3.0

vs. 106.9£2.4). But while the body weight of Czech
best canoe slalom atletes was 75.1+4.6, best canoe
sprint athletes had weight 85.5+5.0 kg.

To the best of our knowledge, limited research has
been conducted on strength abilities and upper-
body anaerobic power of canoe slalom athletes.
Therefore we compare our data to those of simi-
lar sports. In comparison with succesful Brazili-
an Canoe Polo National Team (Alves et al., 2011),
Czech National Canoe Slalom Team have much bet-
ter upper-body anaerobic power, have higher upper
body and arm strength and have lower body fat
percentage too. But in comparison with elite canoe
sprint Olympic and World-champinships succesful
kayakers (Sitkowski, 2002) have admittedly lower
upper-body anaerobic power and lower muscle
strength too (Van Someren & Palmer, 2003). Maxi-
mal upper-body anaerobic power is significantly
and highly (r=-0.84; p<0.001) correlated with canoe
sprint performance in category K1 (Van Someren
& Howatson, 2008) and according to Hamano
et al. (2015) very probably with C1 category too.
Therefore, it is not surprising that significant cor-
relations between Wingate test indicators and race
performance have been identified in our study too.
In strength and anaerobic power indicators were
found the biggest differences between elite senior
and junior competitors.

Czech C1 competitors proved high values (57.1-
67.1) of maximum oxygen uptake (VO2max).
VO2max mean value (63.6+2.8) were similar to
elite C1 (Buglione et al., 2011) and K1 (Michael,
Rooney & Smith, 2008) canoe sprint athletes, but



higher than canoe polo athletes (Alves et al., 2011),
outrigger canoeists (Humpbhries et al., 2000), com-
petitive surfers (Farley et al., 2012) or dragon boat
team (Singh et al., 1995). However, VO2max did
not correlate with race performance. After reaching
of limiting level, it is not probably imporant for
performance to have higher values of this indica-
tor. And it’s probably more important to focus on
strength develepment and development of non-spe-
cific and specific anaerobic endurance, high intensi-
ve training (Yang et al., 2017) respectively. In additi-
on, Senior Czech National Team had higher values
of all upper-body anaerobic and strength indicators
than the Junior Czech National Team, but values of
VO2max were not so different.

To predict race ranking in canoe slalom is very diff-
icult task. Inter-race and inter-seasons correlations
of race results are low (Nibali, Hopkins & Drin-
kwater, 2011). Therefore it is very good to explain
78% of ranking variability by regression model of
three sprints. Trainers could better estimate the
ranking of races and chances of yours competitors.

Conclusions

The results of this study show that upper-body ana-
erobic power and strength likely play a significant
role in C1 paddling. Trainers should focus on very
good development of. Differences in upper-body
anthropemtric parameters and anaerobic power
and strength existed between the senior and junior
teams, highlighting the importance of maturation
in C1 paddlers. From results of this study and in
comparison with other studies we can say, that elite
C1 competitors should be of average body height
(175-180cm), body weight (75-80kg), should have
very good development of upper body musculatu-
re, minimize the body fat, keep their somatotype
dominantly mesomorphy and should excel by high
anaeroic power and capacity. We can reccomend
to focus on high intensive anaerobic training and
on specific on-water training after achievement of
VO2max level near to 60ml.kg.min-1. Highest cor-
relation with race performance were detected in on-
water specific tests. By multiple regression based on
results of 40m sprints and 200m sprint we can pre-
dict race ranking (R2=0.78; SEE=2.75) fairly well.

REFERENCES

1.

Ackland, T. R,, Ong, K. B,, Kerr, D. A. & Ridge, B. (2003). Morphological characteristics of Olympic
sprint canoe and kayak paddlers. Journal of Science and Medicine in Sport, 6(3), 285-294.

2. Akca, E & Muniroglu, S. (2008). Anthropometric-Somatotype and Strength Profiles and On-Water
Performance in Turkish Elite Kayakers. International Journal of Applied Sports Sciences, 20(1), 22-34.

3. Baker, D., Newton, R. (2004). An analysis of the ratio and relationship between upper body pressing and
pulling strength. J strength Cond Res, 18(3), 367-372.

4. Bily, M., Balds, J., Martin, A. J., Cochrane, D., Coufalovd, K. & Siiss, V. (2013). Effect of paddle grip on
segmental fluid distribution in elite slalom paddlers. European Journal of Sport Science, 13(4), 372-377.

5. Bloomfield, J., Ackland, T. R. & Elliot, B. C. (2003). Applied anatomy and biomechanic in sport. Melbour-
ne, VIC: Blackwell Science.

6. Buglione, A., Lazzer, S., Colli, R., Introini, E., & Di Prampero, P. E. (2011). Energetics of best perfor-
mances in elite kayakers and canoeists. Med Sci Sports Exerc, 43(5), 877-884.

7. Carter, J. E. L. & Heath, B. H. (1990). Somatotyping — Development and Applications. Cambridge Uni-
versity Press.

8. Gutnik, B,, Zuoza, A., Zooziene, I, Alekrinskis, A., Nash, D. & Scherbina, S. (2015). Body physique and
dominant somatotype in elite and low - profile athletes different specializations. Medicina, 51(4), 247 -
252.

9. Farley, O, Harris, N. K,, Kilding, A. E. (2012). Anaerobic and Aerobic Fitness Profiling of Competitive
Surfers. Journal of Strength and Conditioning Research, 26(8), 2243-2248.

10. Inbar, O., Bar-Or, O,, Skinner, J. S. (1996). The Wingate Anaerobic Test. Champaign: Human Kinetics.

11. INTERNATIONAL CANOE FEDERATION (ICF) (2017). Canoe slalom competition rules. Retrieved
from: https://www.canoeicf.com/rules#slalom.

12.

Heller, J., Vodicka, P. & Ptibaiova, L. (2001). Modes of upper-body exercise used in aerobic and anaero-
bic tests. In Vélkova, H., Hanelova, Z. (Ed.) Movement and Health, Proceedings of the 2nd International
Conference, Olomouc, September 15-18, 2001. Olomouc: Palacky University, 2001, s. 191-195.



13. Humpbhries, B, Abt, G. A,, Stanton, R. & Sly, N. (2000). Kinanthropometric and physiological characte-
ristics of outrigger canoe paddlers. Journal of Sports Sciences, 18(6), 395-399.

14. McKean, M. R,, Burkett, B. J. (2014). The Influence of Upper Body Strength on Flat-Water Sprint Kayak
Performance in Elite Athletes. International Journal of Sports Physiology and Performance, 9(4), 707-
714.

15. Michael, J. S., Rooney, K. B., Smith, R. (2008). The metabolic demands of kayaking: A review. Journal of
Sports Science and Medicine, 7(1), 1-7.

16. Nibali, M., Hopkins, W. G. & Drinkwater, E. (2011). Variability and predictability of elite competitive
slalom canoe-kayak performance. European Journal of Sport Science, 11(2), 125-130.

17. Norton, K. & Olds, T. (1996). Anthropometrica. Sydney, NSW: UNSW Press.

18. Patizkova, J. (1977). Body fat and physical fitness: body composition and lipid metabolism in different
regimes of physical activity. The Hague: Martinus Nijhoff.

19. Ridge, B. R, Broad, E., Kerr, D. A. & Ackland, T. R. (2007). Morphological characteristics of Olympic
slalom canoe and kayak paddlers. European Journal of Sport Science, 7(2), 107-113.

20. Riegerov4, J., Kapus, O., Géba, A., S¢otka, D. (2010). Analysis of body composition of Czech men aged
20-80years (height, weight, BMI, muscle and fat component). Ceskd antropologie, 60(1), 20-23.

21. Singh, R, Singh, R.]. & Sirisinghe, R. G. (1995). Physical and physiological profiles of Malaysian dragon
boat rowers. British Journal of Sports Medicine, 29(1), 13-15.

22. Sitkowski, D. (2002). Some indices distinguishing olympic or world championship medallists in sprint
kayaking. Biology of Sport, 19(2), 133-147.

23. Van Someren, K. A, Palmer, G. S. (2003). Prediction of 200-m sprint kayaking performance. Can J Appl
Physiol., 28(4), 505-517.

24. Van Someren, K. A. & Howatson, G. (2008). Prediction of Flatwater Kayaking Performance. Internatio-
nal Journal of Sports Physiology and Performance, 3(2), 207-218.

25. Yang, M., Lee, M., Hsu, S. & Chan, K. (2017). Effects of high-intensity interval training on canoeing
performance. European Journal of Sport Science, 17(7), 814-820.

26. Zamparo, P, Capelli, C., Guerinni, G. (1999). Energetics of kayaking at submaximal and maximal
speeds. Eur ] Appl Physiol, 80(6), 542-548.

27. Zamparo, P, Tomadini, S., Didoné, E, Grazzina, E, Rejc, E. & Capelli, C. (2005). Bioenergetics of a sla-
lom kayak (K1) competition. International Journal of Sports Medicine, 27(7), 546:552.

Author: Jan Busta

E-mail: buster@centrum.cz

17



