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Abstract: The main goal for training in sport is to elicit the adequate physical loads to induce the desired adaptations. To 
achieve this goal it is necessary to continuously assess the alterations induced by training, which can be done by field or 
laboratory tests. The aim of the present study is to compare peak oxygen consumption of elite kayakers on treadmill and 
kayak ergometer protocols in two moments of a training season. Five elite sprint kayakers performed two maximal tests 
(treadmill and kayak ergometer) to assess peak oxygen consumption, maximum heart rate, and performance indicators. 
Tests were conducted in two different moments of the season: in the preparatory period in October (M1), and in the com-
petitive period in April (M2). Peak oxygen consumption on treadmill were 4.66±0.44 L.min-1 (58.4±3.3 ml.kg-1.min-1) 
and 4.55±0.31 L.min-1 (58.0±3.2 ml.kg-1.min-1) in M1 and M2, respectively; on kayak ergometer the values for this pa-
rameter were 4.47±0.40 L.min-1 (56.04±4.18 ml.kg-1.min-1) and 4.17±0.60 L.min-1 (53.21±8.36 ml.kg-1.min-1) in M1 
and M2, respectively. The statistical analyses (Friedman Test and Test T Wilcoxon) showed no significant differences 
(p>0.05) between ergometers in the two moments of the study. The data obtained, both in treadmill and kayak ergometer, 
also showed no significant differences (p>0.05) between moments of a training season. It was concluded that in well 
trained kayakers the achievement of peak oxygen consumption is similar using treadmill or kayak ergometer exercise, and 
that this parameter is not suitable to detect performance alterations during the season. 
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INTRODUCTION 

 Systematic evaluation is crucial for training control, and 
testing peak oxygen consumption (VO2peak) can be relevant 
for training control in sports that depend on high aerobic 
capability [1]. Running and cycling ergometers are normally 
used to assess oxygen consumption, even in athletes enlisted 
in sport modalities eliciting different biomechanical patterns 
[2].  

 Sprinter kayakers should develop high aerobic capacity 
to respond to the high metabolic demands promoted by flat-
water racing distances. VO2peak assessment in kayakers was 
the goal for several studies [e.g. 3-5] highlighting the stress 
imposed in aerobic metabolism during competition distances, 
mainly 500-m and 1000-m [6]. VO2peak in kayakers is usu-
ally assessed with arm crank or treadmill ergometers [5], 
which impair the specificity of muscle recruitment [7]. Al-
though the development of specific ergometers for kayakers 
began earlier in the 1970s [8, 9] their worldwide utilization 
started some years later. In experienced kayakers, it was de-
termined that arm crank ergometer elicited a significant 
lower relative and absolute VO2peak, when compared with 
kayak ergometer (44.2±6.2 ml.kg-1.min-1 and 3.14±0.64 
L.min-1 versus 47.5±3.9 ml.kg-1.min-1 and 3.38±0.53 L.min-1) 
[7]. 
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 These differences can be related to greater muscle mass 
involved on the kayak ergometer or to the inadequacy of the 
crank movement to mobilize efficiently all the muscles of 
trunk and arms. In fact, crank ergometer testing neglects the 
important contribution of the legs for kayaking technique, as 
kayaking involves important legs’ actions what may justify 
rationality for running training imposed by some coaches, at 
least during the winter phase of the season. Moreover, it was 
found that maximal oxygen uptake (VO2max) with the arms 
corresponds to 88.6% of the value attained with legs [10], 
which also justify running training as a mean to develop a 
cardiovascular reserve, eventually utilized in kayaking.  

 Therefore, the aim of the present study was to test, in 
elite kayakers, if there are differences between VO2peak and 
heart rate peak (HRpeak) values obtained with different 
laboratory devices (treadmill and kayak ergometer), and if 
the eventual differences are maintained throughout the sea-
son. 

METHODS 

Subjects 

 Five elite sprint kayakers (age 19.6±2.7 years; height 
179.9±3.7 cm) with 6.2±2.4 years of training and kayaking 
competition participated in this study. All the paddlers were 
used to running on a treadmill and to paddle in the kayak 
ergometer. The experimental procedures and the possible 
risks involved in the study were explained to the paddlers 
who provided prior written. The study protocol was ap-
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proved in advance by the Ethics Committee of the Scientific 
Board of Faculty of Sport, University of Porto, and was de-
signed in accordance to the recommendations of the Declara-
tion of Helsinki.  

Testing Procedures 

 In two moments of the season, the first in the preparatory 
period in October (M1) and the second within the competi-
tive period in April (M2), the paddlers performed two maxi-
mal tests, one in a treadmill and the other in a kayak ergome-
ter, to assess VO2peak, HRpeak, and performance indicators. 
Anthropometric measurements included: body mass and 
skinfold thickness (triceps brachii, biceps brachii, subscapu-
lar, and suprailiac). All the measurements were made by the 
same experienced technician in accordance with the proce-
dures proposed previously [11]. Height was assessed to the 
nearest 0.1 cm (CHARDER HM 200 P Portstad Portable 
Stadiometer) and body mass to the nearest 0.1 kg (SECA 
Robusta 813 High Capacity Digital Floor Scale). Skinfold 
thickness was assessed using a skinfold caliper, accurate to 
0.2 mm (LANGE – Harpenden; Holtain Ltd., UK). Body 
density and percentage of body fat were estimated by equa-
tions presented in the literature [13, 14]. Subjects did not 
alter significantly their body mass (M1: 80.3±7.2 kg; M2: 
78.7±7.2 kg, and body fat (M1: 10.7±4.8 %; M2: 9.7±3.6 
%). After one day of complete rest, the incremental running 
test was performed on a treadmill (Quassar-Med, Nussdorf, 
Germany), with 8 km.h-1 of starting velocity, a speed in-
crease of 2 km.h-1 every two min until exhaustion, and a 0% 
slope. 24h latter, the incremental paddling test was per-
formed on an air-braked kayak ergometer (K1 ERGO, Gar-
ran, Australia), which was interfaced with a computer for 
measuring performance data, and has previously been shown 
to accurately simulate the physiological demands of open 
water kayaking [14]. The subjects started paddling with an 
initial load of 120 W with increments of 30 W every two min 
until exhaustion. Subjects were asked to perform their 
maximum and were verbally encouraged by the lab techni-
cians and the team coach. All the participants reached at least 
two of the following criteria at the end of the test: VO2 pla-
teau, respiratory quotient above 1.1 or subjective feeling of 
maximum effort with incapability to continue the task [15].  

 Expired respiratory gas fractions were measured using an 
open circuit breath-by-breath automated gas analysis system 
(Cortex, Metalyzer, 3B, Leipzig, Germany). Device calibra-
tion was performed using gas from a bottle with the refer-
ence of 15% O2 and 5% CO2. Before each test, volume (tur-
bine) was calibrated using a 3L syringe. HR was measured 
and recorded every 5s using a HR monitor (Vantage NV, 
Polar Electro, Kempele, Finland) that was connected with 
the gas analyzer system.  

Statistics Procedures 

 Descriptive statistics (mean ± standard deviation) were 
determined for all variables. The physiological and perform-
ance variables assessed were compared between moments by 
Friedman test. The differences between ergometers in the 
two moments were compared by the Test T Wilcoxon. An 
alpha level of p < 0.05 was chosen as the criterion for statis-
tical significance for all comparisons.  

RESULTS 

 Physiological and performance data obtained in treadmill 
showed no significant differences between moments (Table 1), 
but there was a trend to lower VO2peak in M2. The data 
obtained in the kayak ergometer also did not showed any 
significant differences between moments (Table 1). 

 In adittion, the absence of significant changes in 
VO2peak between ergometers in the two moments of the 
study is expressed in Table 2. 

DISCUSSION 

 The aim of this study was to test the differences in 
VO2peak and HRpeak obtained by two different protocols – 
treadmill and kayak ergometer. Running is a fundamental 
issue for paddler training at least in winter season when 
cross-training is widely used. As the specific VO2max of 
exercising using only the arms is usually lower than that at-
tained with legs [9, 10], endurance legs’ exercises, putting an 
additional overload on the cardiovascular system, can con-
tribute to improve cardiac output during kayaking. However, 
conflicting with our proposal, transfer effects from legs to 
arms seem to be ineffective because cardiovascular adapta-
tions are specific to the muscle groups that are trained [16]. 
Endurance training enhancement can be both specific (pe-
ripheral adaptations) and non-specific, probably due to cen-
tral adaptations [17]. As legs’ work is a fundamental part of 
the biomechanical stress imposed by paddling, it is supposed 
that some benefits for paddling can result from running train-
ing. Supported in these assumptions, it was expected that 
treadmill protocol could elicit higher VO2peak and HRpeak 
that kayak ergometer protocol, but the current results did not 
corroborate this assumption. Actually, this study showed that 
in M1 (preparatory phase of the season), VO2peak (absolute 
and relative), and HRpeak values were similar, as no differ-
ences between treadmill and kayak ergometer protocols were 
observed. This similarity can be justified by the percent of 
muscle mass mobilized with the kayaking ergometer that 
seems to be enough to promote identical VO2peak in tread-
mill or due to a superior technical efficiency expressed by 
the elite kayakers that outstrip the eventual mechanical limi-
tations imposed by the kayak ergometer. Our results showed 
that elite kayakers did not reached a higher VO2peak with 
legs’ ergometers, probably due to the specificity of kayaking 
training. Physiological parameters in kayakers are similar to 
untrained subjects when obtained in non-specific ergometers 
and similar to other highly trained athletes when achieved by 
specific ergometers [18]. In M2 (competitive phase of the 
season), the differences between the two protocols continue 
to have no statistical significance. However, VO2peak val-
ues, slightly lower (as a tendency) for kayak ergometer in 
both moments, are in accordance with the literature [14], 
who showed that VO2peak in kayaking corresponded to 80-
100% of VO2peak in running.  

 For each ergometric device the differences in VO2peak 
between M1 and M2 were not statistically significant 
(p>0.05). VO2peak values in this study were similar to the 
results obtained by other authors ranging from 3.15 to 5.15 
L. min-1 and 54-60 ml.kg-1.min-1 [3, 5, 12, 19, 20, 21], but 
markedly lower than the obtained by elite Spanish flatwater 
kayakers (61.1±2.7 to 68.6±3.2 ml.kg-1.min-1) [5]. The best 
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paddler in our study showed a relative lower VO2peak (4.72 
L.min-1 and 55.8 ml.kg-1.min-1), but got a 6th place in the 
final of the 1000-m race in the Olympic Games, 3 months 
after M2. Although flatwater kayaking performance (mainly 
500-m and 1000-m races) is highly supported by aerobic 
metabolism, it does require a large anaerobic contribution 
[19] what reduces the absolute importance of the aerobic 
energetic pathway. Moreover, enhancement of performance 
in laboratory or field tests verified in most studies may not 
apply to elite athletes in competitive events [22]. 

 Body mass changes, even without statistical significance 
(p=0.273) decreased slightly concurrently with the slight 
decrease of fat mass. Elite athletes tend to remain active dur-
ing the transition period between seasons avoiding dramatic 
increases in fat mass. In elite athletes body mass variance 
over the season is commonly low [4], unless dramatic in-
creasing of training volume is introduced in the training 
programs [23]. Therefore, in this study variations in VO2peak 
may be partially explained by body mass alterations.  

 Treadmill and kayak ergometer performances were not 
statistically different between moments (p=0.138), albeit 
showing a trend for enhancement. The stability of the labora-
tory results throughout the season strengths the statement of 
Hopkins et al. [23], which put in question the validity of the 
laboratory and field tests to assess performance in competi-

tive events. The subjects of the present study achieved aver-
age paddling powers at VO2peak higher than those obtained 
by García-Pallarés et al. [5] with elite Spanish kayakers in 
different moments of the season. These marked differences 
can be attributed to methodological procedures (e.g. different 
protocols or different kayak ergometers) or exercise strate-
gies. Strengthen this assumption, after a 2-min kayak er-
gometer test with different starting strategies Bishop et al. 
[19] verified, with the same athletes, that an all-out start 
achieved a significant higher (p<0.05) peak power (747±151 
W) in relation to an even start (558±110 W).  

 In the present study, HRpeak was lower in kayak er-
gometer in relation to the treadmill, but was only significant 
(p=0.04) in M1. Arms ergometers testing seem to elicit 
lower HRmax than legs ergometers [17] what can be related 
to muscular constraints. Our data permit to verify similar 
VO2peak achieved with different heart rate peaks what high-
lights the specificity of cardiac response to each ergometer.  

CONCLUSION 

 The reduced number of subjects and their performance 
homogeneity do not allow us to build strong and unquestion-
able conclusions. However, elite kayakers achieved similar 
VO2peak with kayak ergometer and treadmill, which seems 
to be related to the importance of running in the training pro-

Table 1. Physiological and Performance Data in Treadmill and in Kayak Ergometer 

Variables Moment 1 Moment 2 p 

Treadmill 

VO2peak (L.min-1) 4.66±0.44 4.55±0.31 0.080 

VO2peak(ml.kg-1.min-1) 58.4±3.3 58.0±3.2 0.686 

HRpeak (b.min-1) 188.8±10.0 185.2±11.3 0.458 

RERpeak 1.08±0.04 1.12±0.07 0.686 

RSpeak (m.s-1) 5.58±0.4 5.58±0.4 1 

Dpeak (m) 2728±489 2963±541 0.138 

TPeak (s) 787.6±99.2 826±118 0.138 

 Kayak ergometer   

VO2peak (L.min-1) 4.47±0.40 4.17±0.60 0.345 

VO2peak (ml.kg-1.min-1) 56.04±4.18 53.21±8.36 0.500 

HRpeak (beats.min-1) 182.6±10.6 181.4±12.5 0.416 

RERpeak 1.03±0.09 1.09±0.06 0.500 

PSpeak (m.s-1) 4.2±0.1 4.2±0.2 0.577 

Dpeak (m) 2728±489 2963±541 0.138 

RSpeak – running speed at VO2peak; Dpeak – distance covered at VO2peak; Tpeak – time spent to achieve VO2peak 

Table 2. Comparison Between Ergometers in The Two Moments of The Season in Relation to VO2peak 

 Test T Wilcoxon p 

Treadmill/kayak ergometer (L.min-1 in M1) 0.72 0.490 

Treadmill/kayak ergometer (ml.kg-1.min-1 in M1) 0.98 0.520 

Treadmill/kayak ergometer (L.min-1 in M2) 1.25 0.250 

Treadmill/kayak ergometer (ml.kg-1.min-1 in M2) 1.12 0. 320 
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grams for kayakers. Moreover, muscle legs are importantly 
activated during paddling in highly skilled paddlers what can 
contribute also for the similitude of results. As kayak er-
gometer and treadmill performances are stable between mo-
ments, they did not allow assessing the outcome of the train-
ing program throughout the season. It was concluded that the 
selected protocols are not suitable for evaluating physiologi-
cal alterations throughout the season in elite kayakers. 
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