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Role of eccentric phase duration on elbow flexor properties

INTRODUCTION
Isotonic resistance training has been widely applied in sport and 
exercise. Design of resistance training programmes depends on nu-
merous training variables, such as intensity, volume, time under 
tension (TUT), repetition duration (tempo), etc. [1]. Some research-
ers indicate that manipulation of tempo and TUT variables can pro-
duce different morphological and contractile adaptation of skeletal 
muscle [2,3].

The tempo (or repetition duration), represented as the ratio be-
tween phases of the movement in seconds (eccentric [s] / isometric 
[s] / concentric [s] / isometric [s]), is directly related to the TUT [4,5]. 
Considering that muscle can resist 20-60% more force in the ec-
centric phase compared to the concentric [6], there are certain as-
sumptions that increasing the eccentric load or longer duration in 
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the eccentric phase can induce greater muscle growth and strength 
development [7, 8]. Longer TUT significantly affects protein synthe-
sis and muscle hypertrophy [9,10], and slower eccentric contrac-
tions (3-6 s) leads to the emergence of metabolic stress indica-
tors [8,11,12], which are one of the major mechanisms in muscle 
growth [7]. Previous research indicates that low load, super slow 
training (>10 s per repetitions) is inferior from a hypertrophy stand-
point [4,13] and that fast (≤2 s) and medium (or moderate) 
slow (3-5 s) eccentric contractions seem to be optimal for muscle 
grow and strength gains [4,14]. Tanimoto et al. [2] found that there 
were no significant differences in whole-body muscle thickness and 
1RM strength, between medium slow (3/0/3/0; 55-60%; 8RM) and 
fast (1/1/1/1; 80-90% 1RM; 8RM) movement tempo, when whole-
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ing: the Faster Eccentric Group (FEG) and the Slower Eccentric 
Group (SEG). The training intervention was performed twice per week 
for a 7-week period. Muscle size, muscle strength and TMG param-
eters were determined before and after the training intervention. The 
number of repetitions, training volume (number of repetitions x num-
ber of series), and TUT were recorded after the first session of the 
training intervention for both groups.

Subjects
Twenty-four students (12 females and 12 males), without resistance 
training experience, volunteered to participate in this study. Prior to 
testing, the subjects were randomly divided into two experimental 
groups, based on the training tempo: FEG (Faster Eccentric Group: 
1 second concentric, 1 second eccentric phase) and SEG (Slower 
Eccentric Group: 4 seconds eccentric, 1 second concentric phase). 
Four participants were excluded (3 females and 1 male), due to 
failing to complete all training sessions. The final sample included 
20 volunteers (11 men and 9 women, age: 24.1 ± 1.7 years, height: 
1.75 ± 0.08 m, weight: 70.4 ± 12.3 kg) who successfully com-
pleted the experimental protocol. Body height was taken using a 
portable Martin’s anthropometer (Siber-Hegner, Switzerland), with 
0.1 cm accuracy. Body composition variables were measured with 
an InBody720 analyser (Biospace Co., Seoul, Korea) using Direct 
Segmental Multi frequency–Bioelectrical Impedance Analysis (DSM–
BIA method). 

Participants were healthy, without a history of upper body mus-
culoskeletal injuries. All participants were fully informed about the 
experimental procedures and potential risks and they signed written 
informed consent prior to participation in the study. During the ex-
perimental period, the subjects were advised to stick to the usual 
diet and to avoid the use of supplementation. The study was approved 
by the Institutional Ethics Committee and performed in accordance 
with the Declaration of Helsinki.

1RM test
Muscle strength (one repetition maximum – 1RM) was assessed by 
the elbow flexion test on a Scott bench according to the standard 
procedure [28]. Subjects were advised to avoid any form of physical 
activity for a minimum of 48 hours prior to testing. The test was 
preceded by a 10-minute warm-up (light running and warm-up ex-
ercises) followed by 8-10 repetitions of exercise with a load of  
  ̴50% RM and 2-3 repetitions of exercise with a load of 60-80% 
RM. Each subject had 5 attempts to lift the maximum weight.  
The pauses between trials were set at 3 minutes [20]. Pre-test and 
post-test were conducted 2 days before and 2 days after the training 
intervention, respectively.

The exercise was performed using a curling (EZ) bar, in a supina-
tion position, with a full range of movement. Subjects were in the 
sitting position, with the axillae and back of the arms resting on the 
pad. The height of the bench was adjusted for each subject so the 
trunk was straight and both feet were on the floor.

body resistance training (3 sets; twice per week; 13 weeks) was 
applied. However, in a study by Nogueira et al. [15], training (40-
60% RM; 3 sets x 8 reps; twice per week; 10 weeks) with medium 
slow eccentric and fast concentric movement (3/0/1/0) produced 
greater increases in muscle thickness, compared to tempo with equal 
durations of eccentric and concentric phases (3/0/3/0). Longer ec-
centric duration combined with fast concentric (4/0/1/0) resulted in 
significantly higher hypertrophy and strength gains, compared to 
faster (1/0/1/0), when repetitions were performed until muscle fail-
ure (3 sets x 8 RM; twice per week; 12 weeks) [16]. However, when 
faster (2/0/2/0) and slower (4/0/2/0) contractions were identical by 
total work [17,18] or TUT [19] the effects were equal. Recent stud-
ies detected muscle failure as the most potent stimulus for hyper-
trophy, regardless of the load size [1,20,21]. From such a perspec-
tive, Pereira et al. [16] showed that longer durations of the eccentric 
phase appear to be superior for gaining muscle mass and developing 
strength in biceps brachii muscle (BB) in well-trained men.

In recent years there has been growing interest in involuntary 
muscle contractions produced by tensiomyography (TMG) and ex-
amination of contraction time [Tc] and radial deformation [Dm] in 
function of muscle adaptive changes. The studies related to these 
topics are still limited [22], but it has been shown that reduced Dm 
could be an indicator of muscle stiffness, damage and fatigue [22-
24]. Tc has been correlated with fibre type proportions, where low-
er values of Tc are linked with slow twitch muscle fibres [22,25]. 
Higher Dm values have been associated with muscle atrophy [26], 
while lower Dm values indicated muscle hypertrophy after exposure 
to longer TUT training [27]. 

Davies et al. [14] concluded that fast and moderately slow rep-
etitions produce similar gains in muscle strength. However, in the 
mentioned meta-analysis, most of the included studies used either 
equal duration of eccentric and concentric phases or only the con-
centric phase was manipulated, and there is a paucity of data show-
ing how 1RM is affected by eccentric phase duration. Based on the 
current literature, the influence of eccentric phase duration on mus-
cle growth, strength increase and TMG changes on untrained subjects 
is still poorly specified. Therefore, the aims of the study were: i] to 
explore the influence of eccentric phase tempo on strength, hyper-
trophy, and TMG parameters of elbow flexors; and ii] to determine 
possible relations between TMG parameters and accompanying size 
changes within BB. We hypothesized that: (1) slower eccentric con-
tractions, compared to faster, would contribute greater strength and 
hypertrophy gains of BB; (2) muscle stiffness would be greater fol-
lowing slower tempo, compared to faster, and (3) there would be a 
significant correlation between changes in muscle size and the Dm 
parameter.

MATERIALS AND METHODS 
Experimental design
The subjects were assigned to two experimental groups, based on 
the duration of the eccentric muscle contraction in resistance train-
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Muscle thickness
All measurements were performed in the sitting position, holding the 
dominant arm supinated and extended with arm muscles relaxed. 
The BB thickness was measured at two-thirds of the distance from 
the acromion to the antecubital crease using ultrasound with a high-
resolution linear-array transducer (Siemens Antares, Erlangen, Ger-
many), with variable high frequency (from 7 MHz to 13 MHz). The 
transducer was held vertically with minimal pressure against the skin 
and water-soluble transmission gel was used between the trans-
ducer and the skin to ensure optimal image quality. All the measure-
ments were performed by the same specialized musculoskeletal 
radiologist. The muscle thickness included the distance (mm) from 
the superficial to deep fascia layers [29] and the average distance 
of the two measurements was used for statistical analysis. Ultrasound 
diagnostics was conducted 2 days before and after the experimental 
intervention. To determine the repeatability of the ultrasound mea-
surement, test-retest was conducted on ten participants on two 
separate days.

Tensiomyography measurements 
The contractile properties of BB muscle were evaluated by tensio-
myography according to the manufacturer’s instructions (TMG-BMC, 
Ljubljana, Slovenia). The values of contraction time (Tc) and radial 
deformation (Dm) were taken for analysis. Testing of these param-
eters was conducted 5 days before and after the experiment [25].
During testing subjects were in a sitting position with the dominant 
arm bent at 90°. The tested arm was placed on a support, to ensure 
a neutral shoulder position during testing [23,24]. Subjects were 
asked to perform a voluntary contraction, in order to mark the point 
of placement of the TMG sensor by the palpation method [24]. Two 
self-adhesive electrodes (Pals Platinum, model 895220 with multi-
stick gel, Axelgaard Manufacturing Co. Ltd) were placed proximal 
and distal at 3 cm from the marked point, emitting an electrical 
impulse. A sensor (GK40, Panoptik, Ljubljana, Slovenia) was placed 

between the electrodes to detect muscle changes initiated by electri-
cal stimulation. The initial impulse was 25 mA and it increased 
proportionally by 10 mA, until the maximum (muscle no longer re-
sponds to electrical stimulus). The pause between the pulses was 
10 seconds, to allow the muscle enough time to relax [23]. The two 
best results were preserved and software calculated the mean [25]. 
Both TMG (pre-test–post-test) tests were conducted in the morning 
and by the same experienced specialist. Also, to determine the re-
peatability of the TMG measurement, test-retest was conducted on 
ten participants on two separate days.

Experimental training intervention
The training intervention was preceded by a 2-week familiarization 
period [2]. The difference in training protocols was in the duration 
of the eccentric phase – 1/0/1/0 (FEG) and 4/0/1/0 (SEG). Both 
experimental groups performed a biceps curl exercise on a Scott 
bench (Scott Bench-PA06, TechnoGym), with a minimum 48 h rest 
between sessions on the same days during the week. All sessions 
were performed at the same time (13-15 h), controlled by the same 
experienced examiner. In the first week of training intervention, the 
number of repetitions and TUTs for each group were recorded.
For both groups, the duration of each repetition was controlled by 
an audio metronome (DB-90, Boss). The intensity of load (1RM%) 
and number of sets were as follows: in the first three weeks the 
subjects performed biceps curl exercise with  ̴ 60% of 1RM in 3 sets, 
while during the next four weeks the exercise load was set at  ̴70% 
of 1RM in 4 sets. All repetitions were performed until failure. The 
pause between sets was 2 minutes. 

Statistical analysis
Statistical analysis was processed using the IBM SPSS Statistics 
software package (Version 20, SPSS Inc, Chicago, IL, USA). Test-
retest repeatability for ultrasound and TMG measurement were as-
sessed using the intra-class correlation coefficient (ICC). Prior to 

FIG. 1. Experimental protocol 1RM - one repetition maximum, TMG - tensiomyography
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Training volume and TUT
FEG achieved a higher training volume (8.25 ± 2.87, p < 0.01). 
In the second and third set, the number of repetitions was signifi-
cantly higher in favour of the FEG (3.5 ± 1.12 reps, p < 0.01 and 
2.63 ± 1.06 reps, p < 0.05, respectively). Conversely, TUT was 
significantly higher in the SEG (73.88 ± 11.72 s, p < 0.01) (Ta-
ble 2).

Biceps brachii thickness, 1RM and TMG variables
There were no significant baseline differences, between FEG and 
SEG, for BB thickness (p = 0.556), 1RM (p = 0.569), or TMG 
parameters – Dm (p = 0.390) and Tc (p = 0.418). Both males and 
females demonstrated similar pre-to-post changes, without gender 
differences in 1RM (F[1,17] = 1.787, p = 0.199, ES = 0.32), BB 
thickness (F[1,17] = 2.509, p = 0.132, ES = 0.38) or TMG pa-
rameters Dm (F[1,17] = 0.246, p = 0.626, ES = 0.12) and Tc 
(F[1,17] = 0.180, p = 0.677, ES = 0.10)

FEG and SEG had significantly increased BB thickness relative to 
pre-test by 15.4% (3.24 ± 2.01 mm, p < 0.01, ES = 1.61) and 
18.3% (3.57 ± 1.17 mm, p < 0.01, ES = 3.03), respectively. No 
significant between-group differences were observed at post-test 
(F[1,17] = 0.05, p = 0.825, ES = 0.17) (Figure 2A).

In both groups the 1RM significantly increased, by 11.6% 
(3.30 ± 2.26 kg, p < 0.01, ES = 1.45) and 23.5% (6.00 ± 1.76 kg, 
p < 0.01, ES = 3.33), respectively. One-repetition maximum had 
a greater increase in SEG compared to FEG (F [1,17] = 8.60, 
p < 0.01, ES = 0.71) (Figure 2B ). In both groups there was a sig-
nificant decrease in the Dm values by 12.1% (1.99 ± 1.20 mm, 
p < 0.01, ES = 1.54) and 12.8% (2.26 ± 1.03 mm, p < 0.01, 
ES = 2.15), without a difference between groups (F [1,17] = 0.01, 
p = 0.912, ES = 0.10) (Figure 2C). There were no significant pre-
to-post-test changes for Tc values in either group (p = 0.780 and 
p = 0.501) (Figure 2D).

There was a significant negative correlation between absolute dif-
ferences in initial and final measurements for the variables ∆Muscle 
thickness and ∆Dm (r = -0.763, Adj.R2 = 0.560, p < 0.01) (Figure 3).

analysis data were checked for normality and that the relevant as-
sumptions for each test were met. The Shapiro-Wilk test was used 
to evaluate the normality of the distribution. Between-group differ-
ences at baseline were tested using the independent t-test. Homo-
geneity of variances and homogeneity of regression slopes were 
tested by Levene’s test and by interaction between covariate and 
independent variable, respectively.

Differences in the number of repetitions of each series, training 
volume, and the TUT between the FEG and SEG were determined 
by the independent t-test. Effect sizes (ES) were determined using 
G-power software (University of Kiel, Kiel, Germany, version 3.1), 
based on the recommendations proposed by Rhea et al. [30] for 
untrained individuals; ES were considered as: trivial: <0.50, small: 
0.50-1.25, moderate: 1.25-1.90 and large: >2.0. One-way AN-
COVA (using baseline values as covariates) was used to examine 
differences in the tested variables, between the FEG and SEG. If 
ANCOVA showed statistical significance, the Bonferroni post-hoc test 
was used for further estimation of differences between groups. ES 
were determined using G-power software through partial eta squared 
obtained from the ANCOVA. Additionally, using gender as a between-
group factor and baseline values as covariates, ANCOVA was used 
to determine possible differences between males and females in BB 
thickness change, 1RM and TMG parameters. Pearson’s correlation 
coefficient was used to examine the association of pre-to-post chang-
es (∆) for Dm and thickness BB. All data are presented by means ± 
SD. p≤0.05 was taken as a statistically significant determinant. 

RESULTS 
Both measurement techniques showed excellent reliability (ultra-
sound: ICC = 0.997, CI = 0.986–0.999, p < 0.01; TMG param-
eters Tc: ICC = 0.928, CI = 0.713–0.982, p < 0.01 and Dm: 
ICC = 0.951, CI = 0.804–0.988, p < 0.01). Sample characteris-
tics, including age and body composition, for each group are pre-
sented in Table 1 (all p > 0.05).

TABLE 1. Sample characteristics

FEG SEG

Age(years) 24.5 ± 2.2 23.6 ± 0.92

BH (m) 1.78 ± 0.07 1.72 ± 0.08

BM (kg) 72.2 ± 13.52 68.6 ± 11.61

BMI (kg/m²) 22.6 ± 2.61 22.9 ± 1.99

SMM (kg) 34.29 ± 7.52 32.16 ± 7.67

PBF (%) 15.34 ± 6.61 17.62 ± 7.98

BH – body height; BM-body mass; BMI-body mass index; SMM-
skeletal muscle mass, PBF-percent of body fat.

TABLE 2. Training volume and time under tension

FEG SEG

I SET (reps) 14.2 ± 2.3 12.1 ± 2.6

II SET (reps) 13.2 ± 2.4** 9.7 ± 2.2

III SET (reps) 10.9 ± 2.2* 8.2 ± 2.0

VOLUME (sets x reps) 38.4 ± 5.1** 30.1 ± 6.3

TUT(s) 76.7 ± 10.1 150.6 ± 31.5**

* – indicates a  significant difference between FEG and SEG 
(p < 0.05); **-indicates a  significant difference between FEG 
and SEG (p < 0.01).
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DISCUSSION 
The purpose of the study was to compare the muscle morphological 
and contractile adaptations induced by two resistance training tem-
pos, in untrained men and women. While there are a few other 
studies that have investigated the effects of eccentric phase duration 

on hypertrophy and 1RM, to the best of our knowledge, this is the 
first study to include contractile properties of elbow flexors. The main 
results indicate that medium slow eccentric tempo produced sig-
nificantly larger 1RM strength gains, while both tempos had an equal 
effect on hypertrophy of muscle BB. A similar decrease in Dm values 
was observed after both training protocols. Also, increased muscle 
thickness was accompanied with reduced Dm values.

Weight training conducted twice a week led to significant muscle 
hypertrophy in both experimental groups. The present findings sup-
port the results of previous studies showing that training twice per 
week is a sufficient stimulus for significant muscle hypertrophy [19,31]. 
Also, both males and females demonstrated similar gains in muscle 
size and strength, which is in accordance with previous reports that 
there are no gender differences in muscle adaptations during the 
initial weeks of resistance training [32].

In the present study, both groups showed a significant increase in 
BB thickness from pre-test, whereas ANCOVA revealed no differ-
ences between groups. In contrast, Pereira et al. [16] reported that 
a slower tempo (4/0/1/0) caused greater hypertrophy than faster 
(1/0/1/0) in trained subjects with 8 maximum repetitions per sets 
and equal training volume (sets x reps). Wilk et al. [33] and Pryor et 
al. [34] reported that rapid eccentric contractions led to more efficient 

FIG. 2. Pre-to-post intervention changes in BB muscle size (A– thickness), strength (B – 1RM) and TMG parameters (C – radial 
displacement – Dm and D – contraction time – Tc) for FEG (black fill) and SEG (grey fill).
** Significantly greater than pre-training (p < 0.01); # Significantly greater than corresponding group (p < 0.01).

FIG. 3. Correlation for absolute changes (∆) of BB muscle thickness 
and radial displacement between pre- and post-test.
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in Dm were observed immediately after training with increased TUT. 
In chronic terms, this is not the case, as we observed a decrease in 
the Dm parameter equally in both groups, and from these results we 
can conclude that resistance training leads to an increase in muscle 
stiffness, regardless of TUT. Absolute changes in BB radial displace-
ment were negatively correlated with BB thickness changes. Pišot et 
al. [26] reported that higher values of the variable Dm can be used 
in the detection of muscle atrophy, following 35 days of bed rest. 
Also, Than et al. [41] investigated the influence of resistance exercise 
on BB muscle size and contractile properties, accessed by mechano-
myography (MMG). Changes in muscle size and contractile properties 
were monitored during 8 weeks of training and 8 weeks of de-training. 
The authors concluded that changes in muscle size could be followed 
by the MMG method, specifically the parameter Dm. The present 
results show that the TMG method, as well, could be a useful tool for 
detecting upper limb changes in muscle size, produced by resistance 
training. However, more research is needed to confirm these results, 
especially for muscles with different architecture.

According to Wilk et al. [42], the % RM value should be determined 
based on the 1RM test trial at a specific movement tempo. They found 
that prolonging the eccentric phase has an inverse effect on perform-
ing the 1RM test and that bench press 1RM was about 5.8% lower 
during medium tempo (5 seconds eccentric phase) compared to fast 
(2 seconds eccentric phase). Given that in our experiment movement 
tempo was not controlled during 1RM testing, we cannot rule out that 
relative intensity in FEG was lower compared to SEG, which is the 
main limitation of the study. Although this could have some implica-
tions with elite athletes [39], we strongly believe that the difference 
of    ̴1.5 kg (5.8%) did not produce a sufficient stimulus to cause 
additional strength development and interfere with the study results. 
The other limitation refers to the absence of a control group and that 
the training volume and TUT were recorded only at the first training 
session. From the aspect of muscle hypertrophy, muscle thickness 
was determined at one measuring site. Considering the existence of 
regional hypertrophy along the length of the muscle [40], it is pos-
sible that growth of BB was non-uniform. We recommend that future 
studies be supplemented with data regarding muscle size in proximal, 
middle and distal regions. In addition, a recent review by Hackett et 
al. [21] hypothesized that resistance exercise tempo may elicit dif-
ferent morpho-functional muscle responses, depending on the archi-
tecture and composition of the muscle itself. Therefore, different (up-
per and lower body) muscle groups should be included in future 
studies to test this assumption.

The results of the present study promote the use of accentuated 
slower eccentric tempo during upper body movements for significant 
improvement of 1RM in both genders. Thus, we recommend that 
coaches use a longer eccentric phase duration to enhance greater 
muscle adaptations in strength when they apply resistance training 
to muscular failure. If the goal is muscle hypertrophy itself, duration 
of the eccentric phase has no significant effect on muscle growth in 
untrained individuals. In the real situation of resistance training in 

use of elastic energy in the concentric phase, which resulted in more 
repetitions and higher training volume, which was also the case in 
our FEG. FEG produced higher training volume, but less TUT. The 
same group showed a greater increase of muscle thickness than 
strength, by  ̴ 15% and  ̴ 11%, respectively, which indicates that 
increased muscle mass was mainly by sarcoplasmic hypertrophy. This 
is in agreement with Haun et al. [35], who reported that muscle 
hypertrophy, in response to high volume resistance training, is large-
ly attributable to sarcoplasmic hypertrophy. On the other hand, the 
SEG had significantly higher TUT, but this did not lead to greater 
biceps hypertrophy. The results of this study support the findings that 
the duration of the eccentric phase has no effect on muscle size [19], 
and that repetitions between 2 and 5 s, regardless of different dura-
tion of the eccentric phase, produce the same outcome for hypertro-
phy in novice subjects. Most of the participants stopped working due 
to their inability to maintain the set tempo in the concentric phase 
(1s). Such a situation leads to the conclusion that performing a rep-
etition, until the moment when the velocity in the concentric phase 
decreases, is sufficient to cause muscular hypertrophy.

A slower tempo (4/0/1/0) caused a significant increase in 1RM, 
compared to a faster one (1/0/1/0). This finding differs from results 
obtained by Mike and coworkers [18], who reported that the increase 
in strength was not altered by manipulation of eccentric phase dura-
tion. Although they did not observe significant differences between 
faster and slower tempo, they found a greater increase in squat 1RM 
(13.2 vs. 8.8%) following medium slow (4/0/2/0) vs. fast (2/0/2/0) 
movement tempo, after 4 weeks of training. Apart from the dimen-
sions and muscle architecture, the nervous system plays a significant 
role in strength performance and development in strength; in the first 
weeks of resistance training, it is presumably produced by adaptation 
in the central nervous system [36]. Furthermore, many authors sug-
gest that the neural component has over 50% representation in the 
expression of 1RM [36,37]. Considering that a much larger increase 
in strength was observed after slower tempo resistance training, the 
assumption is that the longer duration of the eccentric phase contrib-
uted to greater neural involvement. Also, certain observations indicate 
that the response of the central component varies, depending on the 
velocity of contractions [38,39]. Thus, Kulig et al. [38] showed that 
during flexion in the elbow joint, slower eccentric contractions cause 
greater involvement of synergist muscles (i.e. brachialis). Since the 
fibres of the biceps brachii are oriented in parallel, and its predominant 
role is in faster movement [40], there is a high probability that during 
slower eccentric contractions, muscles activated for maintenance of 
the posture (pennate) have a greater involvement than during faster 
contractions. Unfortunately, we only monitored the characteristics of 
BB, and it is impossible to discuss whether a slower tempo caused 
additional involvement of other muscle groups.

Both experimental protocols elicited a decrease in BB Dm, regard-
less of the resistance training tempo. Earlier studies indicated that 
muscle stiffness increases after resistance [24,27] or plyometric train-
ing [25]. Paula-Simola et al. [27] reported that the largest changes 
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fitness, probably both ways of training (1/0/1/0 and 4/0/1/0) would 
give good results in the first few months and then there would be 
stagnation in hypertrophy. Using the results of this study, we could 
prevent stagnation by periodically, at intervals of several months, 
alternating training where relatively fast repetitions are done (1/0/1/0), 
with training where eccentric contractions are medium slow (4/0/1/0). 
The TMG method is a sensitive and useful tool for monitoring resistance 
training effectiveness, and the parameter Dm could be used to detect 
upper limb changes in muscle size adaptation.

CONCLUSIONS 
In conclusion, a slower eccentric phase seems to be significantly 
better for 1RM improvement than the widespread 1 second tempo. 
Still, longer duration of the eccentric phase leads to higher TUT and 

produces a smaller training volume, but this does not change the 
hypertrophic response of the biceps brachii muscle. Additionally, 
reduced Dm values after both protocols indicate an increase in mus-
cle stiffness as a result of muscle size adaptation.
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