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ABSTRACT

The aim of this study was to assess the influence of the load
order used (i. e. incremental, decremental or random loads
order) during the bench press throw load-velocity profile on
peak velocity achieved against four different loads (20-40-60-
80 % of one repetition maximum [1RM]). Both intraclass cor-
relation coefficient (ICC) and coefficient of variation (CV) were
calculated to assess the reliability of the measures. A repeated
measures ANOVA was used to assess differences between pro-
tocols. Alinear regression analysis was performed to assess the
load-velocity relationships among the different protocols. Peak
velocity showed good to high ICC values independently of the
load used (ICC=0.83-0.92). CV scores showed good reliability
(ranging between 2.2 and 6.2 %). No significant differences in
peak velocity attained at each load were found between the
three testing protocols (p>0.05). In addition, peak velocity at
each load was very large to almost perfect, correlated between
protocols (r=0.790-0.920). The linear regression model
showed a significant relationship between testing protocols
(p<0.001; R2=0.94). In conclusion, due to some ICC scores
below 0.9 and R? below 0.95, the indistinct use of different
load-order protocols to assess load-velocity relationships in the
bench press throw exercise is not recommended.

Introduction

The ability of the neuromuscular system to apply force (F) is con-
sidered a crucial factor for athletic performance in many sport dis-
ciplines (e. g. tennis, baseball, rugby) [1]. In particular, ballistic per-
formance is determined by the ability to accelerate a mass (e. g.
system, implement) as much as possible in a short period of time.
This ability is closely related to the athletes’ maximal power output
[2,3]. Resistance training is the most effective method to improve
muscular force and power production [4]. Specifically, the bench
press exercise is one of the most commonly exercises used to in-
crease upper-body strength and power values. Compared to a tra-
ditional bench press, the use of a ballistic movement (i. e. bench
press throw) caused significantly greater velocities, which is ex-
plained by the lack of a deceleration phase of the bar during the
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last part of the movement [5, 6]. Due to the continuous accelera-
tion during the whole range of motion, concentric force, power,
and muscle activation use to be also greater during ballistic than
traditional exercises [5, 6]. As a consequence, several research studies
have shown greaterimprovements in athletic performance aftera
training intervention based on ballistic vs traditional resistance ex-
ercises [6, 7]. Therefore, ballistic exercises are usually recommend-
ed by researchers and coaches during training programs aimed at
improving muscular power [7].

One of the mostimportant variables influencing the adaptations
to resistance programs is training intensity [8]. This training inten-
sity is usually quantified and prescribed based on the individuals’
maximal dynamic strength, represented by the one repetition maxi-
mum (1RM) [9]. However, in the last years, direct 1RM assessment
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has lessened some popularity in favor of 1RM prediction, which is
calculated based on the well-established load-velocity relationship
[10,11]. The aim of measuring movement velocity against a sub-
maximal load is not only to predict 1RM, but to assess the load-ve-
locity relationships, and to monitor within-session training inten-
sity (e. g. velocity losses) [11]. This load-velocity assessment also
allows researchers to identify different performance characteris-
tics and may detect individual qualities (e. g. maximum and rela-
tive strength) and weakness areas (e. g. strength deficits) that can
be used as indicators of athletic performance [12]. The assessment
of the load-velocity relationship requires the athletes to perform a
series of maximal intended velocity repetitions in a given exercise
(e. g. bench press throw) against different external loads. When
using this multiple load approach, most research have used an in-
cremental protocol, where loads are increased on a set-to-set basis
[13, 14]. However, other authors have used a decremental proto-
col [15], or a protocol using a random order of loads [16, 17]. As
neuromuscular performance, including rate of force development
and maximal power output, may be affected by previous muscle
history (i. e. prior sets) [18, 19], the load-velocity assessment could
be influenced by the order of the loads used for testing. This may
lead to an incorrect interpretation of the load-velocity relationship
and the consequent problems in training prescription. However, to
date, no studies have investigated the influence of the load order
during the protocol of load-velocity relationship on the perfor-
mance outcomes (i. e. movement velocity). As different loads-or-
der protocols have been employed in different studies [14-16],
there is a need to assess whether the results might be affected by
the protocol used, and, consequently, whether these results can
be interpreted together.

The aim of the present study was thus to compare the effect of
the loads order (i. e. incremental, decremental, and randomized)
during the load-velocity assessment on the performance outcomes
obtained (i. e. peak velocity against the different loads). The au-
thors hypothesized that, the use of a complete and intense warm-
up will optimize subsequent performance [20, 21]. Consequently,
the authors expect no differences in the peak velocity obtained
with the different loads when using either load order.

Materials and Methods

Participants

Seventeen males (age=22.9+2.9 years; height=1.77+0.06 m;
body mass=78.2+6.9kg; bench press 1 repetition maximum
(1RM)=100.0+15.2kg; TRM/BM=1.28 +0.16) with at least two
years’ experience in resistance training took part in the study. To
be included in the study, participants had to show a 1RM/BM su-
perior to 1.0 and to be familiarized with the bench press throw ex-
ercise. Before participation, each participant provided a signed
written informed consent according to the Declaration of Helsinki
and approved by the Ethics Committee of the University.

Design

Each participant attended four testing sessions separated by
48 hours each. The first session was used to evaluate the 1RM bench
press. During the second, third and fourth sessions, the load-ve-

locity relationship in the bench press throw exercise was measured,
using a different protocol in each session: incremental loads (20,
40, 60, 80 % RM), decremental loads (80, 60, 40, 20 % RM) and ran-
domized loads (60, 20, 40, 80 % RM). The order of the different ses-
sions was randomized.

1RM bench press assessment

The 1RM bench press evaluation started with a general warm-up,
including 5 minutes of low-intensity jogging, dynamical stretching
and core exercises. Then, participants performed a specific warm-
up consisting of a single set of 10 repetitions with absolute loads
of 10 and 25 kg. After this specific warm-up, the TRM test was as-
sessed using a standardized protocol that requires participants to
increase the load lifted across attempts until a maximum load is
achieved. During these attempts, participants were asked to per-
form two maximal intended repetitions. The increases in the load
mobilized were guided by the proximity to 1RM estimated by the
linear position transducer. The maximum number of sets per-
formed to 1RM assessment was five. Interset rest interval was at
3 minutes to avoid the effects of fatigue. The test was performed
in a Multipower M953, Technogym, Gambettola, Italy. During each
repetition, the participants were instructed to lower the bar until
the chest was lightly touched approximately at nipple height, and
to perform the concentric phase of the movement as fast as possi-
ble. A spotter certified by the NSCA as a strength and conditioning
specialist (CSCS) was positioned behind the subjects to ensure safe-
ty during the exercise. Bouncing the bar against the chest was not
allowed.

Load-velocity relationships

After the same general warm-up performed during the first day,
participants performed a specific warm-up consisting of a single
set of 8, 6, 4 and 2 repetitions at 20, 40, 60 and 80 % 1RM, respec-
tively. Once this specific warm-up was completed, participants car-
ried out the load-velocity relationship assessment. During this as-
sessment, participants performed three repetitions of the bench
press throw exercise against each load (i. e. 20, 40, 60 and 80 %
1RM) (adapted from Garcia-Ramos and Jaric [22]) with a 3-minute
rest interval between sets. During this protocol, a linear position
transducer (Speed4Lift) was attached to the bar and was used to
record the kinematic data. The validity and reliability of this linear
position transducer has been previously published during a con-
centric-only bench press exercise [23]. However, the reliability of
this device has been shown to be lower during other exercises (e. g.
squat and hip thrust) [24]. Therefore, its reliability should be stud-
ied further. The peak velocity (PV) of each repetition was recorded,
using the highest value at each load for further the analysis. PV was
used because previous research have shown this variable as a vari-
able showing the lowest within-subjects variability (e. g. coefficient
of variation [CV]) [25]. Further, Pestafia-Melero et al. [26] suggest-
edthat, in particular, PV should be reported when assessing ballis-
tic performance.

Statistical analysis

Data were analyzed using the statistical package SPSS 25.0 (IBM).
To assess relative reliability, intraclass correlation coefficients (ICCs)
were calculated, while absolute reliability was calculated using the
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CV. The 95 % confidence intervals were also included. ICC values
between 0.8 and 0.9 were considered as good, and above 0.9 as
high [27]. After confirming data normality through the Shapiro-
Wilk test, a repeated measures ANOVA was used to compare PV
values between the three different protocols used. Statistical sig-
nificance was established at p<0.05. Pearson’s r correlation coef-
ficients were calculated to assess the relationships between the PV
attained at each load during the three protocols and interpreted as
good (0.8-0.9) and high (>0.9) [27]. Finally, linear regressions were
used to analyze the load-velocity relationship for each subject.

Results

Reliability data are shown in > Table 1. Both relative (ICC) and ab-
solute (CV) scores showed good to high reliability scores.

The levels of association of PV achieved at each load between
the different protocols used are shown in » Table 2. All variables
showed a good-to-high (from 0.80 to 0.92) significant relationship.

The data of PV with the different loads during the three differ-
ent protocols are shown in » Fig. 1. No significant main effect of
the protocol was found at 20% 1RM (p=0.113), 40 % 1RM
(p=0.529),60% 1RM (p=0.458) or 80 % 1RM (p=0.553).

Finally, the linear regression model showed a significant rela-
tionship (p<0.001; R2=0.94) between the individual load-velocity
profiles obtained through the different testing protocols.

Discussion

The aim of the present study was to assess the influence of the loads
order during the evaluation of the load-velocity relationships on
the peak velocity obtained against different loads. The main find-
ing of the study was that peak velocity values obtained against four
different loads (20-40-60-80 % 1RM) did not significantly differ
between protocols using an incremental, decremental or a rando-
mized order of loads. In addition, reliability analysis showed good-
to-high ICC scores and good CV values. Peak velocity values during

> Table 1 Reliability of peak velocity at each percentage of TRM.

Icc CV (%)
PV 20% 1RM 0.88 6.3
PV 40% 1RM 0.87 6.0
PV 60% 1RM 0.77 10.1
PV 80% 1RM 0.84 13.6

> Table 2 Correlations between peak velocity at each percentage of 1RM
for all protocols.

Incremental Incremental Decremental
with with with
Decremental Randomized Randomized

PV 20% 1RM .891** .886** .839**

PV 40% 1RM .907** .901** .890**

PV 60% 1RM .854** .868** 910"

PV 80% 1RM .729** .863** 785"

** =significant correlation (p<0.001)
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the three different protocols against all loads also showed a good-
to-high correlation.

With the aim of optimizing training strategies and monitoring
performance adaptations, it is necessary to implement reliable
tests [28]. In this vein, the load-velocity relationship in the bench
press throw exercise had previously shown good-to-high reliability
scores when using an incremental loads protocol (ICC=0.86 to
0.93;CV=1.80t03.55%) [25], but low reliability values were found
when using randomized loads protocol (ICC=0.55 to 0.81;
CV=7.68to 10.98 %) [29]. Cuevas-Aburto et al. [29] showed ac-
ceptable reliability only with light to moderate loads, while the ICC
values for heavy loads were below 0.7. Although showing better
reliability scores, the present study also reports that absolute reli-
ability is greater with lower loads (i.e. CV=2.2 and 6.2 % at 20 and
80 % 1RM, respectively). As a result, strength and conditioning
coaches should be aware of this slightly worse reliability scores
when using heavy loads. To the best of the authors’ knowledge,
only Alcazar et al. [15] have used a decremental loads protocol,
providing results that were not significantly different than an incre-
mental protocol (CV <5 %). The results of the present study expand
on these previous findings, as the good-to-high values of ICC and
the good CV values suggested that load-velocity relationship is re-
liable even with protocols using incremental, decremental or ran-
domized loads order. Although speculative, it can be suggested
that the considerably intense warm-up protocol used in the pre-
sent study, where all the loads used for testing were also used to
warm-up, is responsible for the good-to-high reliability scores
shown independently of the protocol used. In addition, correlation
analysis of the PV values obtained against different loads between
the different protocols also showed a good-to-high relationship (r
ranged from 0.80 to 0.92; see > Table 2). However, due to the mag-
nitude of within-subjects variation between protocols, especially
with heavy loads (i. e. CV values), it is recommended to keep con-
stant the protocol used to assess the load-velocity relationships.
The consistency in the protocol used should lead to better reliabi-
lity scores, helping coaches to track performance changes over
time.

The repeated measures ANOVA showed a non-significant effect
of the protocol on the PV values achieved against the range of loads
used in the study (see > Fig. 1). These results confirm that the load-
velocity profile assessment is not affected by the order of the loads
used in the testing protocol. Despite previous research showing
that neuromuscular performance (e. g. movement velocity, power
output) can be affected by previous muscle history (i. e. prior sets)
[30], the present study suggested that this is not the case in the
load-velocity assessment. It can be argued that the relative low vol-
ume of repetitions performed during the protocol is not enough to
provide an optimal stimulus for a post-activation performance
enhancement [29]. Further, post-activation performance enhance-
ments usually take place after long resting periods (e. g. 8 minutes)
following the conditioning activity. As the load-velocity relation-
ship assessment used a 3-minute rest between attempts, it can also
be suggested that this short time does not allow to maximize per-
formance enhancements caused by the previous activity [30]. As
aresult, due to the specific characteristics of the protocol used for
the load-velocity profile, including low repetitions volume and
short between-effort rest intervals, potential performance en-
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> Fig. 1 Peak velocity data with the different loads during the incremental, decremental and randomized loads-order protocols.

> Table 3 Linear regression analysis obtained from the individual load-
velocity profiles using the different loads-order protocols.

Estimate | SE 95 % Confidence p-value
Interval
Lower Upper
Intercept 3.107 0.029 3.051+ 3.163 <.001
%RM -0.030 0.000 -0.031 -0.029 <.001
Equation: Y=3.107-0.03b

hancements derived from previous muscle history are negligible.
In addition, these protocol characteristics aid in avoiding potential
performance decrements caused by neuromuscular fatigue. Final-
ly, the regression model analysis showed a significant relationship
between the load-velocity profiles obtained through different test-
ing protocols (R2=0.94, p<0.001; see » Table 3). Despite this
being an acceptable value, it should be highlighted that scores over
0.95 are recommended for considering different protocols inter-
changeable. Therefore, based on the results of the present study,
where some reliability and correlational scores found values below
0.9, and the regression model reported a R2<0.95, coaches are
encouraged to be consistent with the protocol used during the
load-velocity profile assessment.

The present study is not without limitations. The sample size
was relatively small, which may have influenced reliability scores.
Allthe results should be interpreted with caution, as they were ob-
tained from the use of a particular linear position transducer, which
has previously been considered valid and reliable, but it is not the
gold standard device. Finally, the authors speculate about the in-
fluence of the comprehensive warm-up protocol used in the study.
Further studies should be conducted to elucidate whether differ-
ent warm-up protocols might influence the load-velocity relation-
ships.

Acknowledgements

The authors declare that there is no conflict of interest. No funding
was received to carry out this study.

Conflict of Interest

The authors declare that they have no conflict of interest.

References

[1] Kraemer W|, Ratamess NA, French DN. Resistance training for health
and performance. Curr Sports Med Rep 2002; 1: 165-171

[2] Cronin |B, Hansen KT. Strength and power predictors of sports speed.
] Strength Cond Res 2005; 19: 349-357

[3] McBride JM, Triplett-McBride T, Davie A et al. The effect of heavy- vs.
light-load jump squats on the development of strength, power, and
speed. | Strength Cond Res 2002; 16: 75-82

[4] Suchomel TJ, Nimphius S, Stone MH. The importance of muscular
strength in athletic performance. Sports Med 2016; 46: 1419-1449

[5] Cormie P, McCaulley GO, McBride JM. Power versus strength-power
jump squat training: influence on the load-power relationship. Med Sci
Sports Exerc 2007; 39: 996-1003

Newton RU, Kraemer W], Hakkinen K, Humphries BJ, Murphy A.
Kinematic, kinetics, and muscle activation during explosive upper
body movements. ] Appl Biomech 1996; 12: 31-43

Cormie P, McGuigan MR, Newton RU. Developing maximal
neuromuscular power: Part 1--biological basis of maximal power
production. Sports Med 2011; 41: 17-38

Schoenfeld BJ, Grgic J, Ogborn D, Krieger JW. Strength and
hypertrophy adaptations between low- vs. high-load resistance

training: a systematic review and meta-analysis. | Strength Cond Res
2017;31: 3508-3523

[6

[7

[8

[9

American College of Sports Medicine. American College of Sports
Medicine position stand. Progression models in resistance training for
healthy adults. Med Sci Sports Exerc 2009; 41: 687-708

Banyard HG, Nosaka K, Vernon AD et al. the reliability of individualized
load-velocity profiles. Int | Sports Physiol Perform 2018; 13: 763-769

[10]
[11] Gonzélez-Badillo ]}, Sdnchez-Medina L. Movement velocity as a
measure of loading intensity in resistance training. Int | Sports Med
2010; 31: 347-352

[12] Loturco I, Pereira LA, Freitas TT et al. Maximum strength, relative
strength, and strength deficit: relationships with performance and
differences between elite sprinters and professional rugby union
players. Int | Sports Physiol Perform 2021; 16: 1148-1153

Sabido R et al. The Use of Incremental,. Int] Sports Med | © 2022. Thieme. All rights reserved.



[13] Rahmani A, Viale F, Dalleau G et al. Force/velocity and power/velocity
relationships in squat exercise. Eur | Appl Physiol 2001; 84: 227-232

[23] Pérez-Castilla A, Piepoli A, Delgado-Garcia G et al. Reliability and
concurrent validity of seven commercially available devices for the
assessment of movement velocity at different intensities during the

[14] Iglesias-Soler E, Fernandez-Del-Olmo M, Mayo X et al. Changes in the
bench press. | Strength Cond Res 2019; 33: 1258-1265

force-velocity mechanical profile after short resistance training
programs differing in set configurations. | Appl Biomech 2017; 33: [24] Held S, Rappelt L, Deutsch JP et al. Valid and reliable barbell velocity
144-152 estimation using an inertial measurement unit. Int | Environ Res Public

[15] Alcazar |, Pareja-Blanco F, Rodriguez-Lopez C et al. Comparison of Health 2021; 18: 9170

linear, hyperbolic and double-hyperbolic models to assess the [25] Garcia-Ramos A, Pestafia-Melero FL, Pérez-Castilla A et al. Mean

force-velocity relationship in multi-joint exercises. Eur | Sport Sci 2021;
21:359-369

Djuric S, Cuk I, Sreckovic S et al. Selective effects of training against
weight and inertia on muscle mechanical properties. Int | Sports
Physiol Perform 2016; 11: 927-932

Sreckovic S, Cuk I, Djuric S et al. Evaluation of force-velocity and
power-velocity relationship of arm muscles. Eur ] Appl Physiol 2015;

velocity vs. mean propulsive velocity vs. peak velocity: Which variable
determines bench press relative load with higher reliability? ] Strength
Cond Res 2018; 32: 1273-1279

Pestafia-Melero FL, Jaric S, Pérez-Castilla A, Rojas FJ, Garcia-Ramos A.
Comparison of mechanical outputs between the traditional and
ballistic bench press: Role of the type of variable. | Strength Cond Res
2020; 34: 2227-2234

115:1779-1787 [27] Vincent W, Weir |P. Statistics in Kinesiology. 4th ed. Champaign, IL:

[18] Barbosa AC, Barroso R, Andries O Jr.. Post-activation potentiation in Human Kinetics; 2012

propulsive force after specific swimming strength training. Int | Sports [28] Reilly T, Morris T, Whyte G. The specificity of training prescription and
Med 2016; 37: 313-317 physiological assessment: a review. | Sports Sci 2009; 27: 575-589

[19] Tillin NA, Bishop D. Factors modulating post-activation potentiation [29

Cuevas-Aburto J, Ulloa-Diaz D, Barboza-Gonzalez P et al. The addition

and its effect on performance of subsequent explosive activities.
Sports Med 2009; 39: 147-166

Tsurubami R, Oba K, Samukawa M et al. Warm-up intensity and time
course effects on jump performance. | Sports Sci Med 2020; 19:

of very light loads into the routine testing of the bench press increases
the reliability of the force-velocity relationship. Peer] 2018; 6: e5835

Blazevich AJ, Babault N. Post-activation potentiation versus post-
activation performance enhancement in humans: historical

714-720 perspective, underlying mechanisms, and current issues. Front Physiol

[21] Zois |, Bishop D, Aughey R. High-intensity warm-ups: Effects during 2019;10: 1359

subsequent intermittent exercise. Int ] Sports Physiol Perform 2015;
10: 498-503

[22] Garcia-Ramos A, Jaric S. Optimization of the force-velocity relationship
obtained from the bench-press-throw exercise: an a posteriori
multicenter reliability study. Int ] Sports Physiol Perform 2019; 14:
317-322

Sabido R et al. The Use of Incremental,. Int] Sports Med | © 2022. Thieme. All rights reserved.



	Autoren: Rafael Sabido, Pablo Asencio, Adrian Garcia-Valverde, Fernando Garcia-Aguilar, Rodrigo Moreno-Lila,
Jose Luis Hernández Davó
	Titel: The Use of Incremental, Decremental or a Random Order of Loads
Does Not Affect Peak Velocity Values During...
	DOI/Literaturangabe: DOI 10.1055/a-1982-3686
Int J Sports Med
	ISSN: 0172-4622
	Copyright: © 2023


