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Introduction

Rowing was first used as a means of transport in 
ancient Egypt, Greece and Rome. As a sport, it prob-
ably began in England, in the 17th and early 18th 
centuries, with the Oxford - Cambridge university 
boat race, which was inaugurated in 1828. Rowing 
is one of the oldest Olympic sports. Today, there are 
fourteen boat classes which race at the Olympics [1].

While rowing, the human body works as the en-
gine to propel the rowing boat across the water. Dur-
ing each stroke, the athlete applies the equivalent of 
a 40 to 45 kg load to the oar handle in each of the 220 
to 250 strokes that occur during the race [2]. Rowing 

is a sport which requires a well conditioned body to 
operate at a high performance level during periods 
of training and competition. This sport is one of the 
few non-weight bearing sports that exercises all the 
major muscle groups, including quadriceps, biceps, 
triceps, latissimus dorsi, gluteus and abdominal mus-
cles. The sport also requires strong core balance, 
physical strength, flexibility and cardiovascular en-
durance [3, 4]. The general training objectives in 
rowing are to increase maximum oxygen utilization, 
increase strength endurance, increase maximum 
strength, improve the efficiency of rowing technique, 
and improve flexibility and coordination. Strength 
training is an integral part of the structured regimen 
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Sažetak
Uvod. Periodizovani trenažni protokol značajno utiče na mi-
šićnu adaptaciju veslača. S obzirom na to da je glavni cilj peri-
oda treninga povećanje specifične mišićne snage, a perioda 
detreninga povećanje opšte snage i aktivan odmor, cilj ovog 
istraživanja bio je da se snage raznih mišićnih grupa uporede 
između perioda treninga i detreninga. Materijal i metode. 
Istraživanje je sprovedeno na Zavodu za fiziologiju Medicin-
skog fakulteta u Novom Sadu. Uključeno je 34 veslača oba pola, 
starosti između 15 i 18 godina. Mišićna snaga je merena pomo-
ću Concept2 DYNO dinamometra. Snaga ekstenzora i fleksora 
ruku i ekstrenzora nogu je merena dva puta, na kraju takmičar-
ske sezone (vrh performansi) i pre početka sledeće takmičarske 
sezone (nakon detreninga). Rezultati. Dokazano je statistički 
značajno smanjenje apsolutne i relativne mišićne snage, brzine 
kontrakcije fleksora i ekstenzora ruku, kao i relativne snage i 
brzine kontrakcije ekstenzora nogu između perioda treninga i 
detreninga (p < 0,05). Nije nađena razlika u apsolutnoj snazi 
ekstenzora nogu između dva merenja (p > 0,05). Zaključak. 
Periodizacija godišnjeg treninga veslanja ima veći uticaj na 
variranje adaptacije gornjih ekstremiteta u poređenju sa donjim 
ekstremitetima u smislu apsolutne snage. 
Ključne reči: fiziološka adaptacija; mišićna snaga; vodeni spor-
tovi; sportski učinak; dinamometar; trening otpora
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of elite rowers, accounting for 10 – 20% of total 
training time [5]. During the competitive season, 
rowers perform strength training with loads be-
tween 85 and 95% of their one repetition maximum 
(1 RM) [6]. Adaptations in strength training are 
focused on the development and maintenance of the 
neuromuscular units needed for force production. 
Neural adaptation dominates in the early phase of 
neuromuscular development. In the later adaptation 
phase, muscle protein content increases, and the 
contractile units begin to contribute the most to the 
changes in performance capabilities [7, 8].

Detraining has been defined as the partial or 
complete loss of training-induced adaptations, in 
response to an insufficient training stimulus. De-
training is closely related to the terms ‘reversibility’ 
and ‘periodization’. Reversibility is a reduction in 
the conditioned state of the individual and occurs 
when the training stimulus is insufficient. Signifi-
cant conditioning is lost after 2 – 6 weeks of insuf-
ficient training. Periodization is a concept which 
takes into account the fact that it is not possible to 
train all aspects successfully at once. It also recog-
nizes that cessation or reduction of a training stim-
ulus leads to a decline in specific conditioning [9, 
10]. The training program is usually divided into 6 
periods: two preparation periods focused on maxi-
mum strength, general endurance and muscular 
endurance; the pre-competition period that focuses 
on basic specific endurance and rowing technique; 
two competition periods mainly increasing spe-
cific endurance and race preparation, when training 
reaches “peak” for the championships; and finally, 
active recovery period [11]. 

Considering that annual planning and periodiza-
tion play a great role in muscle adaptation in rowers, 
the aim of the study was to compare the strength of 
different muscle groups between training and de-
training periods in order to show how periodization 
affects the adaptation of individual muscle groups. 

Material and Methods

This prospective study included 34 rowers, male 
and female, aged between 15 and 18 years. The 
study was conducted in the period from August to 
October 2018. All participants were tested twice, 
first at the end of the competition season, at the 
peak of their seasonal performance, and second, 
before the start of the next preparation season – af-
ter the period of detraining. All measurements took 
place in the Laboratory for Functional Diagnostics 
of the Department of Physiology, Faculty of Medi-
cine Novi Sad. The study was approved by the 
Ethical Committee of the Faculty. All participants 
signed written Informed consent forms.

Anthropometrics. Body weight and body height 
were measured using a calibrated, combined weight-
height scale, while a measuring tape was used for 
body circumferences.

Dynamometry. The DYNO (Concept 2, Mor-
risville, VT, USA) dynamometer was used to meas-
ure muscle strength and contraction speed. Three 
groups of muscles were tested at both points in time: 
arm flexors, arm extensors, and leg extensors. The 
testing was standardized in such a way that every 
subject received the same instructions, went through 
the warm-up of the same duration and intensity, and 

Abbreviations
RM – repetition maximum
VO2 max – maximum rate of oxygen consumption

Graph 1. Absolute (upper panel) and relative (lower panel) 
strength of different muscle groups measured after the pe-
riod of training (black bars) and detraining (grey bars). Sig-
nificant differences between the two periods were found in 
absolute and relative strength of arm flexors and extensors, 
and in relative strength of leg extensors. Asterisk (*) indi-
cates the significance at p < 0.05 
Grafikon 1. Apsolutne (gornji) i relativne (donji) snage 
mišićnih grupa merenih nakon perioda treninga (crni 
stubići) i detreninga (sivi stubići). Značajne razlike 
između snaga u dva merena perioda nađene su u apso-
lutnim i relativnim snagama fleksora i ekstrenzora ruku, 
kao i ekstenzora nogu. Zvezdica (*) označava značajnost 
na nivou p < 0,05
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was given an opportunity of a pre-test in order to 
familiarize with the machine. Additionally, starting 
and ending angles of the extremities were controlled 
in order to ensure the maximal consistency of the 
movement. First three contractions were always 
given as a physical and psychological preparation 
and the next five maximal contractions were statis-
tically analyzed using a dynamometer in order to 
provide the mean values as the output. These data 
were gathered and subsequently analyzed. 

Statistical analysis was performed in SPSS Sta-
tistics ver. 20. As anthropometric and dynamometric 
parameters did not violate the assumptions of nor-
mality, the means between two measurements were 
compared using the t-test for dependent samples. All 
results were expressed as mean ± standard deviation, 
and the level of significance was set at p < 0.05.

Results

The study included 34 male and female rowers 
aged 16.5 ± 1 years. Their average height was 182.05 
± 4.5 cm, average weight 74.14 ± 4.68 kg, and they 
have been training actively for 3.7 ± 1.7 years.

During the detraining period, the strength of 
arm muscles, both flexors and extensors, decreased 
significantly when compared to the training period 
(66.2 ± 10.6 vs. 57.1 ± 12.5 kg in the flexors, p = 
0.034; 62.4 ± 10.9 vs. 52.5 ± 15.0 kg in extensors, p 
= 0.045). Unlike that, the strength of leg extensors 
did not change significantly (144.6 ± 17.8 vs. 130.4 
± 23.7 kg, p = 0.067) (Graph 1).

The relative strength was calculated by dividing 
the absolute muscle strength with the body weight at 
the testing time. Relative strength of arm muscles de-
creased significantly following the detraining period 
(0.89 ± 0.14 vs. 0.77 ± 0.14 in the flexors, p = 0.015; 
0.84 ± 0.15 vs. 0.7 ± 0.16 in extensors, p = 0.019), as 
shown in the Graph 1. Such a significant decrease 
was also found for the relative strength in the leg ex-
tensors (1.95 ± 0.24 vs. 1.76 ± 0.28, p = 0.041).

Graph 2 shows that contraction speed decreased 
significantly after the period of detraining com-
pared to the period of training in all three muscle 
groups: arm flexors (416.9 ± 32.7 vs. 360.1 ± 47.9 
cm/s, p = 0.002), arm extensors (387.6 ± 38.9 vs. 
334.8 ± 56.0 cm/s, p = 0.006) and leg extensors 
(527.8 ± 40.0 vs. 467.9 ± 63.5 cm/s, p = 0.005).

Discussion

In this study, we examined the muscle strength 
differences in two periods of training and found that 
absolute and relative strength and velocity of the 
upper body decreased during detraining. These dif-
ferences were not found in the lower extremities.

The traditional training periodization, a division 
of the entire seasonal program into smaller periods 
was established about sixty years ago, when the 
knowledge of athletes’ preparation was poor and 
the scientific background insufficient. To this day, 

sport science has changed tremendously, while the 
classical periodization has remained at the same 
level, offering coaches basic guidelines for structur-
ing and planning the training process [12]. 

Classical periodization protocol has six integral 
parts, two preparation periods, pre-competition pe-
riod, two competition periods and active recovery. 

Preparation period 1 focuses on maximum 
strength and general endurance, while preparation 
period 2 focuses on general endurance and muscu-
lar endurance. Strength training is an integral part 
of preparations, and it is equally important for nov-
ices and seniors. Therefore, authors suggest that it 
may be wise to prioritize weight-training over the 
preparation period, as senior rowers are likely to 
cease strength training when the championships 
start. In terms of rowing performance, strength 
training should ideally be done twice a week and 
should primarily target the lower–body. The volume 
of weight training exercise should be gradually re-
duced and intensity increased with time, to manage 
fatigue as the demands of competitive rowing and 
training increase progressively [13]. Skeletal mus-
cles have the capacity to adapt according to the type 
and intensity of physical activity they are required 
to perform. The onset and degree of adaptation de-
pend on the type, intensity and duration of the train-
ing stimulus [14]. During these phases, rowers gain 
strength in both the upper and lower body. This 
muscle strength is not specialized for any specific 
sport discipline or movement and can be assessed 
by commercial dynamometry. Air-braked isoaccel-
eration dynamometers, such as Concept 2 DYNO, 

Graph 2. Contraction speed of different muscle groups 
after the period of training (black bars) and detraining 
(grey bars). Significant decrease in contraction speed 
was found in all three muscle groups following detrain-
ing. Asterisk (*) indicates the significance at p < 0.05
Grafikon 2. Brzine kontrakcije merenih mišićnih grupa 
nakon perioda treninga (crni stubići) i detreninga (sivi 
stubići). Značajno smanjenje brzine kontrakcije je nađeno 
za sve tri mišićne grupe nakon perioda detreninga. 
Zvezdica (*) označava značajnost na nivou p < 0,05
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maintain the same resistance during the movement 
and measure the maximal force of the contraction 
expressed in kilograms, power in Watts, work in 
Joules, and contraction speed in cm/s. This type of 
assessment is suitable for evaluation of strength 
progress, especially for junior rowers and talent 
identification programs for rowing as it decreases 
the potential risk of injury [15]. 

The pre-competition period focuses on improve-
ment of basic specific endurance and rowing tech-
niques by replacing the gym with on-water trainings, 
targeting arm flexors and extensors, chest and back 
muscles. The competition period with the main goal 
on increased specific endurance, ‘’super-compensa-
tion’’ effect and race preparation is a period in which 
the training reaches peak for the championships. This 
is the period when athletes display their maximal 
abilities, i.e. strength, endurance or other sport spe-
cific performances. Unlike relative maximal strength, 
absolute maximum strength is a strong determinant 
of rowing performance. Lawton et al. reported that 
peak quadriceps strength together with maximum 
rate of oxygen consumption (VO2 max) has been 
found to be a major predictor for 2000-m perform-
ance [13]. In our study, leg extensors’ absolute 
strength at the peak of performance was 144.6 kg, 
while for arm extensors and flexors it was 66.2 kg 
and 62.4 kg, respectively. When compared to kayak-
ers tested by Kojić et al., there were no differences 
in leg extensors’ strength, but kayakers showed bet-
ter results in the strength of both arm flexors (107.9 
kg) and extensors (98.9 kg) [16].

After the championships period, cessation of resist-
ance training is typically associated with a diminished 
physiological function, reductions in maximal volun-
tary muscle strength, muscle cross-sectional area and 
neural drive to the muscle [17]. In contrast, some stud-
ies have reported partially preserved gains in dynamic 
muscle strength when resistance training was followed 
by 6 – 12 weeks and even 30 – 32 weeks of detraining 
[18]. Detraining period in a rowing annual periodiza-
tion protocol is based on active recovery. Since we 
measured muscle strength twice, once after champion-
ships and once after detraining, our results showed that 
although the strength of arm flexors and extensors 

decreased significantly (by 14% and 16%, respec-
tively), there were no significant changes in the leg 
extensors in terms of absolute strength, after the pe-
riod of detraining. A possible explanation is that dur-
ing detraining, athletes did not completely cease with 
physical activities. During their active recovery, row-
ers worked on improving general strength and endur-
ance by running, targeting leg muscles, and elimi-
nated the gym and specific on-water exercises, target-
ing arm flexors and extensors. Another explanation 
could be adaptation of the central nervous system, 
which is induced together with muscular hypertrophy. 
As a result, the muscle strength can be maintained 
longer, even after detraining, since nervous factors do 
not reverse as fast as muscular hypertrophy [19]. An-
dersen et al. revealed that quadriceps femoris eccentric 
strength may remain entirely unchanged even after 
three months of detraining, while concentric strength 
of the muscles decreases [20]. Our results showed that 
the concentric strength of the leg extensors did not 
decrease significantly. It may be explained by the fact 
that subjects in the mentioned study entirely ceased 
physical activity during detraining. Great attention 
should be paid to detraining, since it represents a very 
sensitive period for an athlete. It should be used to 
maintain and perfect the technique, because the se-
quence, modality and the timing of every movement 
is of paramount importance for the formation of dy-
namic stereotype. Well learned and memorized dy-
namic stereotype is a basis for performing the greatest 
amount of work per unit time, with the least energy 
expenditure. Based on such a dynamic stereotype, 
increase in strength and stamina after detraining leads 
to excellence in results.

Conclusion

Periodization of the annual rowing training pro-
gram has higher impact on differences in the upper 
limb muscle adaptation compared to the lower limb 
muscles in terms of absolute strength. When plan-
ning the annual protocol, additional attention should 
be given to detraining. It should be planned as an 
active recovery in order to maintain the previously 
acquired abilities.
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