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Abstract 
Objectives. This study aimed to prove the effect of contrast training using conventional deadlifts and air rowers on 
the increase of leg muscle strength and VO2max in rowing athletes.
Materials and methods. This study used a true-experimental method with a two-group pretest-posttest approach, 
involving a control group design. A total of 22 rowing athletes, aged 19-23 years, and recruited from the Surabaya 
City training centre, were involved in the study. The athletes received a contrast training intervention with a high 
intensity of 85-90 % 1RM, conducted thrice per week for a six-week period. Leg strength and back strength, leg 
power, and VO2max were evaluated between pre- and post-intervention in each study group. 
Results. The results showed that leg strength and back strength, leg power, and VO2max were found to be 
significantly improved after performing a contrast exercise intervention compared to the control group (p ≤ 0.05).
Conclusions. These findings suggest that contrast training combining conventional deadlifts and air rowers is 
an effective method of increasing leg muscle strength and power, as well as VO2max in rowing athletes, so that it can 
provide benefits to enhance the explosive strength and aerobic endurance of these athletes.
Keywords: explosiveness, rowing athletes, aerobic endurance, contrast training.
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Introduction

In rowing sports, efficient and explosive movements 
start from the push of the legs, which is the main source 
of power for moving the boat (Vieira et al., 2020). The leg 
muscles, especially the quadriceps, hamstrings, gluteus, 
and gastrocnemius, play a crucial role in generating initial 
strength during each cycle of rowing movements (Cardoso 
et al., 2024). Rowing athletes harness the strength of their 
leg muscles to provide a strong push, which is then followed 
by the contribution of the back and arm muscles (Chang 
et al., 2024). Rowing is a complex activity involving kinetic 
chains that start from the push of the legs and move through 
the upper body until reaching the pull of the paddle (Cady-
McCrea et al., 2024). Therefore, leg muscle strength is 
essential in effectively transferring energy from the lower 
body to the upper body (Vieira et al., 2020).

Posture control and stability are indispensable for 
rowing athletes to maintain technical efficiency in each 
movement (Duchene et al., 2024). Strong leg muscles not 
only support force transfer but also contribute to postural 
stability, ultimately improving rowing technique as well as 
reducing errors that can affect performance (Chang et al., 
2024). Additionally, in race situations, especially at the start 
and finish, rowing athletes need explosive power to provide 
maximum acceleration in a very short time (Cardoso et al., 
2024). Leg muscle strength plays a key role in this critical 
phase, where rapid acceleration and explosive thrust can be 
the difference between victory and defeat (Chang et al., 2024).

In addition to the importance of explosiveness, stability 
and balance when rowing also depend on the strength of the leg 
muscles (Promsri et al., 2018; Alonso et al., 2011). If this force is 
insufficient, the distribution of the load during rowing becomes 
unbalanced, which increases the risk of injury, especially in the 
back, knees, and ankles (Zemková, 2022; Podgórski et al., 2020). 
Previous research has shown that optimal leg muscle strength 
is a predictor of success in rowing competitions (Thiele et al., 
2020; Lawton et al., 2013; McNeely et al., 2005).
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To increase the strength of the leg muscles, several exercise 
methods can be used. One of them is contrast training, which is 
an exercise method that combines heavy weight training with 
explosive training in one session (Barra-Moura et al., 2024; 
Paulo Henrique Pauli et al., 2023). Deadlift is one of the most 
effective exercises in increasing posterior kinetic chain strength 
in athletes, including rowing athletes, because it involves many 
muscle groups, especially lower body muscles (Cholewa et al., 
2019). Previous research has shown that high-load resistance 
training (≥ 85 % of 1RM) is effective for improving explosive 
strength and performance (Hagerupsen et al., 2024; Cormie et 
al., 2010; Comfort et al., 2012; Øvretveit & Tøien, 2018).

In addition to deadlifts, the use of tools such as air 
rowers in contrast training programs can provide explosive 
exercises that mimic the specific movements of the paddles 
(Thiele et al., 2020). Air rowers help to train the leg and 
upper body muscles simultaneously, as well as improve 
cardiovascular capacity and explosiveness (Chang et al., 
2024). The combination of deadlift as a weight exercise 
and air rower as an explosive exercise in a contrast training 
program is expected to increase leg muscle strength more 
effectively compared to conventional methods.

This study aims to prove the effect of contrast training 
that combines conventional deadlift training and air rowing 
training on increasing leg muscle strength in rowing athletes. 
Based on previous research that shows the effectiveness of 
weight and explosive training, this research is expected to 
make a significant contribution to the understanding of 
optimal training programs for rowing athletes.

Materials and Methods

Study Design

This study uses a true experimental method with two 
group pretest-posttest with a control group design. A total 
of 22 rowing athletes were recruited from the Surabaya City 
training center aged 19-23 years and divided into two study 
groups, namely the control group (CTR; n = 11), the contrast 
training group (CNT; n = 11). CTRs did not receive any train-
ing interventions, while CNT received 3x/week interventions 
for 6 weeks. All subjects voluntarily gave consent to participate 
by filling out and signing the consent given by the research-
er and all procedures applied in this study have complied 
with the Helsinki World Medical Association Declaration on 
the ethical conduct of research involving human subjects.

Contrast Training Methods

This Contrast Training program focuses on increasing 
maximum power and explosive power, starting with the Con-
ventional Deadlift at 85 % 1RM load and Air Rower at 30 % 
1RM load. In weeks 3 and 4, the intensity increases with con-
ventional deadlifts using 90 % 1RM (3 sets, 3 reps, 15 seconds 
rest), while air rowers remain at 30 % 1RM (3 sets, 5 reps, 
3 minute rests). In weeks 5 and 6, the intensity increases further 
with conventional 90 % 1RM deadlifts (3 sets, 3 reps), but the 
rest time is trimmed to 10 seconds, forcing the body to adapt 
to a faster transition between maximum strength training and 
explosive training. Air rower training remains at the same in-
tensity, helping to maintain focus on explosiveness. This  im-
provement aims to stimulate higher muscle and nervous sys-
tem adaptation, optimizing strength and speed performance at 

the end of the intervention program. The frequency of Contrast 
Training is carried out 3x/week for 6 weeks.

Data Collection

Data collection was carried out by measuring leg strength 
and back strength using a foot dynamometer with the subject 
pulling the handle with maximum force in the semi-squat 
position (for leg strength) and the bending position with 
a straight back (for back strength). The data is generated 
from the measurement of leg strength and back strength in 
kilograms (kg). Leg strength, force plates are used through 
tests such as reverse motion jumps or squat jumps, where 
the force plates measure the vertical force generated dur-
ing jumps. From the force and contact time data, power is 
calculated in watts (force × speed). Meanwhile, VO2max was 
measured through a maximum rowing test of 2000 meters, 
with the subject rowing on an air rower as far as 2000 meters 
with maximum effort. Travel time is used to predict VO2max 
using a formula that takes into account weight, age, and gen-
der, as an indicator of aerobic capacity. These four parameters 
provide important data for evaluating the muscle strength, 
explosiveness, and aerobic capacity of rowing athletes.

Statistical Analysis

All statistical analyses are applied with SPSS Version 
21.0. The stages of statistical analysis include descriptive 
tests, normality, and hypothesis tests with paired sample 
t-tests and independent sample t-tests applied in this study. 
The  data was stated to have a significant difference in 
hypothesis testing if p ≤ 0.05.

Results

The results showed that in general, the data on the cha
racteristics of the research subjects in each study group did 
not show significant differences which can be seen in more 
detail in Table 1 below. Meanwhile, the results of the analysis 
of leg strength and back strength, leg strength, and VO2max 
between pretest and posttest in each study group are 
presented in Figure 1-2.

Fig. 1. Differences in leg strength and back strength, leg strength, 
and VO2max analysis in the control group (CTR) between pretest 
and posttest. Description: Data was presented with an mean ± SD. 

The p-value was obtained by analysis of the paired sample t-test
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Discussion

This study aims to prove the effect of contrast training by 
combining conventional deadlift and air rower exercises in 
increasing leg muscle strength and power as well as VO2max 
in rowing athletes. Based on the results of the study, it was 
found that the group that participated in contrast training 
showed a significant increase in leg muscle strength compared 
to the control group. These findings provide strong evidence 
that the combination of weights and explosive exercises is 
not only able to increase strength, but also effectively develop 
the ability of athletes to produce the explosive power needed 
in the critical phase of rowing (Gee et al., 2014; McGregor 
et al., 2004).

The rowing movement begins with a leg push, in which 
the quadriceps, hamstrings, gluteus, and gastrocnemius 
muscles play a dominant role in generating initial strength. 
Conventional deadlift training in contrast training programs 
focuses on strengthening these muscles through high loads 
(Haff et al., 2001; Swinton et al., 2011), while air rowers add 
explosive elements that mimic the movement of the paddles 
themselves. In this context, the increase in strength gained 

Table 1. General characteristics of the subject of study

Parameters Unit CTR (n = 11) CNT (n = 11) p-value
Age yrs 20.64 ± 1.21 20.91 ± 1.14 0.591
Height m 1.77 ± 0.05 1.78 ± 0.04 0.999
Body weight kg 65.46 ± 5.36 68.73 ± 3.52 0.108
Body mass index kg/m2 20.88 ± 1.91 21.91 ± 0.74 0.116
Baseline Leg strength kg 149.55 ± 49.21 162.73 ± 44.87 0.519
Baseline Back strength kg 119.05 ± 28.08 130.50 ± 25.85 0.331
Baseline Leg power watt 2000.46 ± 423.28 2230.64 ± 174.63 0.119
Baseline VO2max mL/kg/min 52.81 ± 3.52 52.47 ± 2.91 0.806

Description: Data was presented with an mean ± standard deviation (SD). p-values were obtained by independent sample t-test analysis. 
RKT: Control group; CNT: Contrast training group

Fig. 2. Differences in leg strength and back strength, leg strength, 
and VO2max analysis in the contrast training group (CNT) 

between pretest and posttest. Description: Data was presented 
with an mean ± SD. The p-value was obtained by analysis of 

the paired sample t-test. (**) Significant at pretest (p ≤ 0.001)

Fig. 3. Differences in leg and back strength, leg power, and 
VO2max analysis between CTR vs CNT. Description: Data is 

presented with an mean ± SD. p-value was obtained by analysis of 
independent sample t-test (*) Significant at pretest (p ≤ 0.05).  

(**) Significant at pretest (p ≤ 0.001)

from conventional deadlift training can be optimized through 
explosive exercises with air rowers, which simultaneously 
reinforce the relationship between leg strength and power 
transfer to the upper body during rowing (Seitz & Haff, 
2016).

In addition, the results of this study also corroborate 
the findings of several previous studies that show that com-
bined exercise between heavy weight training and explosive 
training can improve the performance of athletes in vari-
ous sports disciplines (Tillin & Bishop, 2009). The increased 
power gained through contrast training allows athletes to 
accelerate quickly, especially at the beginning of a race, when 
maximum explosive thrust is required (Cardoso et al., 2024). 
In addition, explosive exercises such as those simulated 
through air rowers also help sharpen the explosive abilities 
necessary to maintain speed when reaching the finish line.

Contrast exercises that combine conventional deadlifts 
and air rowers are not only effective in improving leg muscle 
strength, but can also bring great benefits in posture stability 
and efficiency of rowing techniques. Previous studies have 
shown that postural stability is essential for maintaining 
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optimal performance in sports that involve repetitive 
movements such as rowing (Wilson et al., 2013). In rowing 
sports, posture imbalances or incorrect load distribution 
can not only reduce movement efficiency, but also increase 
the risk of injury, especially in the lower back (Caldwell 
et al., 2003). By strengthening the leg muscles through 
weight exercises such as conventional deadlifts, athletes can 
maintain better posture during the rowing cycle, ultimately 
reducing the unbalanced load on the back and upper body 
(Swinton et al., 2011).

Additionally, the use of air rowers in explosive 
training helps to improve explosive capabilities, which 
are indispensable during critical phases such as starting 
and finishing in races (Chang et al., 2024). These phases 
require maximum explosive thrust from the leg muscles, 
and this combination of exercises provides the right stimulus 
to develop those abilities. Contrast training programs 
that integrate sport-specific exercises, such as air rowing, 
also support the improvement of rowing techniques. 
This supports the claim that explosive training can improve 
athletes’ performance in sports that require endurance and 
muscle strength, as revealed by previous research (Barra-
Moura et al., 2024).

However, the results of this study are inseparable from 
several limitations that need to be considered. One of the 
main limitations is the relatively short duration of the study. 
Although we found a significant increase in leg muscle 
strength after a contrast training program, we have not 
been able to explore the long-term effects of this exercise. 
Previous research has shown that some of the positive effects 
of explosive and weight-bearing exercises may take longer to 
maintain or even reach their maximum potential (Tillin & 
Bishop, 2009). Therefore, longitudinal studies that monitor 
the development of strength and performance of athletes 
over a longer period of time are needed to determine whether 
the benefits of contrast training are long-term or temporary.

In addition, the variability of individual responses 
to sports programs is also a factor that has not been fully 
researched in this study. Each athlete may have a different 
level of adaptation to a training program, depending on 
factors such as previous training experience, initial physical 
condition, and fitness level. For example, some athletes may 
develop muscle strength faster than others, or conversely, 
some may take longer to achieve optimal results. This is 
in line with the findings of Seitz and Haff (2016), which 
highlights that athletes’ responses to Post-Activation 
Potentiation (PAP) and contrast training can vary greatly 
depending on the individual’s condition.

Further research should include a more diverse 
population of athletes, both in terms of fitness levels and 
experience in rowing, to get a more comprehensive picture 
of the effectiveness of these programs. In addition, more 
in-depth research is also needed to explore how contrast 
training can be adapted in the preparation phase of the 
competition and the recovery phase of athletes. In this 
context, it is important to understand whether this type of 
exercise is more effective when applied to specific phases in 
the training cycle, such as when the athlete is at the peak of 
fitness or in the early adaptation phase (Cormie et al., 2010).

These findings provide a solid basis for coaches to 
consider contrast training in rowing athlete training 
programs to improve strength and overall performance. 

Although the results were positive, the study had limitations, 
especially regarding the short duration and variability of 
individual responses that had not been studied in more 
depth. More research focusing on the long-term effects and 
adaptation of training in different populations of athletes is 
needed to reinforce these findings.

Conclusion

Overall, the results of this study suggest that contrast 
exercises that combine conventional deadlifts and air rowers 
are an effective method for increasing leg muscle strength 
and power as well as VO2max in rowers. In addition to 
providing benefits in improving explosive power and aerobic 
endurance, the exercise also supports postureal stability and 
efficiency of rowing techniques, both of which are important 
for maintaining optimal performance and reducing the risk 
of injury. As such, trainers and fitness experts may consider 
incorporating this exercise program into an athlete’s 
workout routine, especially for those looking to improve 
their explosive and aerobic endurance in rowing.
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Оцінка впливу контрастних вправ з використанням 
традиційних станових тяг та веслувального тренажера 
з повітряною системою навантаження на підвищення 
показників м’язової сили нижніх кінцівок та рівня 
VO2max у спортсменів-веслувальників
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Авторський вклад: A – дизайн дослідження; B – збір даних; C – статаналіз; D – підготовка рукопису; E – збір коштів

Реферат. Стаття: 6 с., 1 табл., 3 рис., 27 джерел.

Мета дослідження. Мета дослідження полягала в доведенні впливу контрастного тренування з використанням 
традиційних станових тяг і веслувальних тренажерів з повітряною системою навантаження на підвищення показників 
м’язової сили нижніх кінцівок і рівня VO2max (максимальне споживання кисню) у спортсменів-веслувальників.

Матеріали та методи. В рамках цього дослідження застосовано метод «істинного експерименту» з використанням 
двогрупового перед- і післятестового підходів, що включає в себе дизайн контрольної групи. У дослідженні взяли участь 
22 спортсмени-веслувальники віком від 19 до 23 років, які були відібрані з тренувального центру м. Сурабая. Спортсмени 
проходили програму контрастних тренувань з високою інтенсивністю 85-90 %, що складалися з одного повторення з мак-
симальною вагою (1ПМ), які проводилися тричі на тиждень протягом шеститижневого періоду. У кожній досліджуваній 
групі визначали силу м’язів нижніх кінцівок та спини, потужність м’язів ніг і показник VO₂max між етапами перед і після 
проведення курсу тренувань.

Результати. Згідно з результатами дослідження, після виконання контрастного фізичного навантаження встанов-
лено значне покращення показників силових якостей м’язів нижніх кінцівок та спини, потужності ніг та рівня VO2max 
порівняно з контрольною групою (p ≤ 0,05).

Висновки. Отримані дані свідчать про доцільність проведення контрастного тренування, що поєднує стандартні 
станові тяги та застосування веслувальних тренажерів з повітряною системою навантаження, як ефективного методу 
підвищення показників сили та потужності м’язів нижніх кінцівок, а також рівня VO2max у спортсменів-веслувальників, 
що може сприяти поліпшенню вибухової сили та аеробної витривалості зазначеної категорії спортсменів.

Ключові слова: вибуховість, спортсмени-веслувальники, аеробна витривалість, контрастне тренування.
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