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Abstract: This study examined the force—velocity profile differences between men and women in
three variations of row exercises. Twenty-eight participants (14 men and 14 women) underwent
maximum dynamic strength assessments in the free prone bench row (PBR), bent-over barbell row
(BBOR), and Smith machine bent-over row (SMBOR) in a randomized order. Subjects performed a
progressive loading test from 30 to 100% of 1-RM (repetition maximum), and the mean propulsive
velocity was measured in all attempts. Linear regression analyses were conducted to establish the
relationships between the different measures of bar velocity and % 1-RM. The ANOVAs applied to
the mean velocity achieved in each % 1-RM tested revealed significantly higher velocity values for
loads < 65% 1-RM in SMBOR compared to BBOR (p < 0.05) and higher velocities for loads < 90%
1-RM in SMBOR compared to PBR (p < 0.05) for both sexes. Furthermore, men provided significantly
higher velocity values than women (PBR 55-100% 1-RM; BBOR and SMBOR < 85% 1-RM; p < 0.05)
and significant differences were found between exercises and sex for 30-40% 1-RM. These results
confirm that men have higher velocities at different relative loads (i.e., % 1-RM) compared to women
during upper-body rowing exercises.

Keywords: velocity-based training; gender; mean propulsive velocity

1. Introduction

Strength training is fundamental for enhancing muscular strength, size, and power [1].
It is well known that maximizing resistance training effects depends on the manipulation
of program variables such as intensity, volume, rest interval, duration, etc. Among them,
intensity is one of the key variables in training and, commonly, it is identified with relative
load (percentage of one-repetition maximum [% 1-RM]) [1]. Several studies have shown
that the traditional 1-RM test is valid and reliable in determining the muscular strength of
athletes [2,3]. The traditional direct 1-RM assessment uses an incremental loading test to
directly assess the 1-RM. The standard procedure involves performing a specific exercise
with increasing loads until reaching the maximum lifting capacity, considering the test
complete when the individual can no longer perform a successful repetition with a higher
load [4]. However, the traditional 1-RM test could have several limitations, such as being
time-consuming to assess each athlete, which makes its use more complicated in big groups
of individuals (i.e., team sports) [5,6]. Additionally, the risk of injury can be high because
this measurement is performed under maximum loading conditions [5,6]. Also, other
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factors such as training fatigue, nutrient intake, and sleep can alter the 1-RM daily test with
fluctuations around 36% [7,8].

The use of technology in sport can provide information for optimizing the prescrip-
tion and monitoring of training programs [9]. Furthermore, technology has enabled the
development of new training methodologies such as “velocity-based resistance training” to
address the limitations of the traditional 1-RM test [9]. Bar velocity measurement has been
proposed as an alternative method to estimate accurately the 1-RM [6,10]. This method is
called velocity-based training (VBT), which is a reliable indirect method based on the load-
velocity relationship (L-V) to predict 1-RM in resistance training [10,11]. Several studies
have examined the relationship between the percentages of % 1-RM and the corresponding
mean propulsive velocity (MPV) [6,10]. The L-V relationship improves the conventional
procedure to calculate the 1-RM by using the velocity output to apply a regression model.
The incremental test starts with light load until reaching the 1-RM. The fastest repetition
performed with each load by each subject is used for the regression model. Once the 1-RM
load is known, the linear regression model is applied to the experimental points provided
by all subjects to establish the generalized relationship between % 1-RM and lifting velocity.
Generalized L-V relationships have been established for a variety of RT exercises, including
the squat [12,13], deadlift [14-18], hip-thrust [19,20], leg press [13], leg extension [16], bench
press [6,21], bench pull [22,23], military press [17,24], and pull-up [5,18]. The generalized
L-V relationships allow to determine what is the % 1-RM that is being used as soon as
the first repetition with a given load is performed with maximal voluntary velocity in the
exercises studied [6].

Most VBT studies have focused on two main movements: the upper-body bench
press exercise and the lower-body squat [25]. While these exercises are important for
many sporting activities, other movements, such as pull exercises like the prone row,
are crucial for conditioning athletes in various sports (e.g., swimming, climbing, rowing,
judo) [26-29]. There are different variations of the pull exercises, which are a multijoint
upper-body exercises that can be performed by athletes and nonathletes for improving
strength of the posterior shoulder girdle, back and elbow flexor muscles [23,30-33], and
upper-body pulling [23,30,31] and pushing power [34]. It has been commonly prescribed
in “periodized” strength and conditioning programs for elite rowers, kayakers, sailors,
swimmers, and rugby league players [23,30,31,33]. It also has been used as an assessment
of one repetition maximum (1-RM) upper-body pulling strength and power [31,33-35].
Although rowing exercises may have important applications in sports performance, not
much research has been conducted on velocity-based training [25]. Moreover, most studies
have been conducted using Smith machines [36]. During the free-weight back squat, typical
errors of 0.03-0.05 m/s~! across loads of 20-90% of 1-RM have been shown [36]. Therefore,
we consider it important to include in our study the same exercise but in Smith machine
and free-weight conditions. Moreover, many VBT studies have been conducted in men,
showing that men generally present higher velocity values for light to moderate loads
compared to women at the same relative loads (% 1-RM). These findings have been reported
across various exercises, including the squat, deadlift, hip thrust, inclined bench press,
seated chest press, and seated military press [4,19,21,24,37,38].

To address the existing gaps in the literature, further examination of the load—velocity
relationship during row exercises is required. Then, the purpose of this research was to
compare the load-velocity profile between men and women during bent-over barbell row
(BOBR), free prone bench row (FPBR), and bent-over Smith machine row (BOSMR). We
hypothesized that (I) the men would present higher velocities at each % 1-RM than women
in the three rows studied and (II) the velocity attained at each relative load (% 1-RM)
would be similar in the three exercises. It is crucial to know the response of each sex to
the load—velocity relationship to prescribe more accurately the training programs for both
sexes. The results of this research not only will inform appropriate loading prescriptions for
effective training based on sex, but also will serve as a valuable tool for evaluating progress,
setting goals, and establishing benchmarks in various athletic and research contexts.
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2. Materials and Methods
2.1. Participants

We conducted a sample size estimate using GPower 3.1 Software (Dusseldorf, Ger-
many), based on the effects of similar loads on 1-RM and mean test velocity (MTV) output
observed from the flat bench press exercise [21]. For an alpha level of 0.05 and power of 0.90,
sample sizes from 3 (for 1-RM) to 6 (for MTV) per group appeared to be necessary to detect
the significant loading effects of [39]. We conservatively recruited twenty-eight participants,
14 men (age = 25.1 &£ 6.0 years; body mass = 82.5 & 10.9 kg; height = 181.2 £ 5.37 cm) and
14 women (age = 24.2 £ 5.2 years; body mass = 61.6 £ 6.6 kg; height = 164.8 £ 6.7 cm) who
volunteered to participate in this study. Inclusion criteria were: (1) having at least 2 years
of resistance training experience; (2) not having any health or musculoskeletal injuries that
could compromise testing; and (3) having training experience in the exercises tested. After
being informed of the purpose and testing procedures, subjects signed a written informed
consent form before participation. The present investigation was approved by the Research
Ethics Committee of the Universidad Politécnica de Madrid and was conducted following
the Declaration of Helsinki [40].

2.2. Experimental Design

A counterbalanced-measures design was used. Subjects were tested in random order
for the individual load—velocity relationship and the determination of the 1-RM strength
using a 20 kg barbell (Eleiko, Halmstad, Sweden) in the three modes of rowing. Partici-
pants attended the laboratory four times (one day for a familiarization session and another
three days to test each day one exercise) (Figure 1), with an interval of approximately
48-72 h between visits to reduce interferences caused by consecutive maximal assess-
ments (e.g., neuromuscular fatigue or post-activation potentiation effects [41]). During
each visit, they were submitted to a standardized 1-RM test in the bent-over barbell row
(Figure 2A), bent-over Smith machine row (Figure 2B), and prone bench row (Figure 2C)
(Hammer-strength, Rosemont, IL, USA) in a randomized order (Research Randomizer,
www.randomizer.org). The three rows were performed with a prone grip and hands were
separated by a distance equivalent to the participant’s acromion-to-acromion length. To
consider a repetition valid, the participant needed to start the movement with the elbows
fully extended and end the movement when the bar contacts the abdomen or the bench. For
the bent-over barbell row and bent-over Smith machine row, the legs are bent slightly, and
the upper body is also bent until it is almost perpendicular to the floor, keeping the spine
in a natural/neutral position. Finally, the barbell rises towards the lower part of your chest.
For the prone bench row, the torso remains rigid and motionless on the bench. The head
and the neck are aligned with the trunk by tucking the chin inward slightly and resting
it gently on or slightly off the edge of the padded bench surface [42]. On the three occa-
sions, participants were requested to avoid strenuous exercises and beverages containing
caffeine/alcohol for 24 h before testing. The testing sessions were carried out at the same
place and time of day (&1 h) for each subject, under the same environmental conditions.

Experimental design (randomly)

Day 1 Day 2 Day 3 Day 4
' ¢ | { | {
Time ’_’_ 4B-urs [ 48—urs I 48-'—"5
= | | .
| ol ol

Questionnaire and
anthropometric assessment Incremental 1RM test Incremental 1RM test Incremental 1RM test

P . ith i iti with lineal position transducer with lineal position transducer
Familiarization session with lineal position transducer p P

Figure 1. Study timeline.
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Figure 2. Bent-over barbell row (A), bent-over Smith machine row (B), and prone bench row (C).

2.3. Testing Procedures

The warm-up protocol consisted of three minutes of stationary cycling at a self-selected
easy intensity and five minutes of joint mobilization exercises, followed by six repetitions
with fixed loads of 30 and 20 kg for men and women, respectively. The load-velocity test
followed standard procedures [22]. The initial load was set at 20 kg and gradually increased
in increments of 5-10% 1-RM until an MPV of 0.8 m-s~! was reached, performing three
repetitions with each load. Two repetitions were performed when the MPV was between
0.8 and 0.6 m's~!, and only one repetition for higher loads. The heaviest load that each
subject could properly lift while completing a full range of movement and without any
external help was considered to be their 1-RM. Inter-set rests were 3 min to reduce possible
neural or mechanical fatigue [37]. Only the best repetition (fastest and performed correctly)
on each load was considered for subsequent analysis. All repetitions were recorded with a
linear velocity transducer (Speed4lift, Madrid, Spain) [43] that was attached to the left side
of the barbell and recorded vertical velocity at a frequency of 1000 Hz. The MPV-mean
velocity value was considered in the present study. MPV is the mean velocity value from
the start of the concentric phase until the acceleration of the barbell is lower than gravity
(—9.81 m/s~2) [44]. Strong verbal encouragement was provided during all tests to motivate
participants to give maximal effort.

2.4. Statistical Analysis

Data are presented as means (M), standard deviation (SD), and Pearson’s correlation
coefficient (r). The normal distribution of the data was confirmed by Shapiro-Wilk, and the
homogeneity of variances was confirmed by Levene’s test (p > 0.05). Pearson’s correlation
coefficients were used to quantify the association of the 1-RM value and the velocity of
1-RM (V1-RM) between the three exercises. An ANOVA was applied to each dependent
variable (i.e., mean velocity values attained at each % 1-RM, 1-RM strength) with the
exercise (BBOR, PBR, and SMBOR) as a within-participant factor and sex (men and women)
as a between-participant factor. When significant differences were observed, a Bonferroni’s
post hoc comparison was performed. Therefore, the Mann-Whitney U test for independent
samples was used to test between-group differences for the age, height, and body mass.
Significance was set at p < 0.05. The Pearson’s correlation was interpreted based on the
recommendations of Schober et al. [45], where <0.10 represents negligible correlation,
0.10-0.39 is a weak correlation, 0.40-0.69 is a moderate correlation, 0.70-0.89 is a strong
correlation, and >0.90 is a very strong correlation. Results analyses were carried out using
a custom spreadsheet (Microsoft Excel version 16.69.1) and JASP software version 0.16.4
(Nieuwe Achtergracht, Amsterdam).

3. Results

The load-velocity profile of the three upper-body rowing exercises was well fitted by
a linear regression model when the data of all participants of the same sex were pooled
(Figure 3). The slope of the generalized participants’ load—velocity profiles was always
steeper in men than in women. A linear regression model also fitted the sex load—velocity
profiles for BBOR (men: r2 = 0.928; women: 12 = 0.777), SMBOR (men: 2 = 0.934; women:
% = 0.834), and PBR (men: % = 0.825; women: 1> = 0.771).
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The ANOVAs applied on the mean velocity achieved in each % 1-RM tested revealed
significantly higher velocity values for loads <65% 1-RM in SMBOR compared to BBOR in
women (p-range < 0.001-0.004). Significantly higher velocity values for loads from 70 to
100% 1-RM in SMBOR compared to PBR were found in women and from 30 to 90% 1-RM
in men (p-range < 0.001-0.05). Significantly higher velocity values for load 70% 1-RM in
BBOR compared to PBR in men and from 85 to 100% 1-RM in women (p < 0.001) (Table 1)
were also identified.
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Figure 3. Cont.
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Figure 3. Load-velocity profiles were obtained separately from the bent-over row (upper panel), the

Smith machine bent-over row (middle panel), and the prone bench row (lower panel) (data averaged

across the participants). The linear regression models are shown separately for men (straight line

and filled circles) and women (dashed line and open circles). 72, Pearson’s multivariate coefficient of

determination; n, number of trials included in the regression analysis.

Table 1. Comparison of the MPV attained against each relative load between the three row exercises

in men and women.

Prone Bench Row Barbell Bent-OVER Row ]Ssr‘:;li:-l-lOI:,/I:rc}ﬁionvs
Load ANOVA (m/s) (m/s) (m/s)
% 1-RM (p-Value) Men Women Men Women Men Women

Row Sex Row x Sex  Mean =+ SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
30% 0.004  <0.001 0.032 1.35+0.15 1.21 £0.27 1.44 +0.20 1.10+£0.19* 1.55+0.12% 124 +0.23*
35% 0.003  <0.001 0.038 1.29 +£0.14 1.15+0.25 1.37 £ 0.19 1.06 £+ 0.17 * 147 +011%  1.19+021*
40% 0.003  <0.001 0.046 1.22+0.13 1.10+0.23 1.30 £ 0.17 1.02 £ 0.16* 139+0.10%  1.13+£0.19*
45% 0.002  <0.001 0.058 1.16 £0.12 1.03 £ 0.21 1.24 +0.16 097 £0.14* 1.32+010%  1.08+0.17*
50% 0.001  <0.001 0.078 1.09 £+ 0.11 0.97 +£0.18 1.17+0.15 093 +0.13* 1.244+0.09%  1.03+0.15*
55% 0.001  <0.001 0.111 1.02 +0.10 091£0.16* 1.11+0.14 0.89+0.12* 117 £0.08% 097 £0.13**
60% <0.001  <0.001 0.167 0.96 £0.10 0.85+£0.14* 1.04 £0.12 0.85£0.10* 1.09 £ 0.08% 092 +0.12*
65% <0.001  <0.001 0.268 0.89 £+ 0.09 0.79 +£0.12* 0.98 £0.12 0.80 +0.10 * 1.01+0.07%  0.86+0.10*
70% <0.001  <0.001 0.436 0.83 £+ 0.08 0.73£0.10* 091 +0.11% 0.76 £ 0.09 * 0.944+0.07%  0.8140.09
75% <0.001  <0.001 0.669 0.76 £ 0.08 0.67 £0.08 * 0.84 £0.10 0.72 £0.08 * 0.86 £0.07%  0.76 + 0.09 **
80% <0.001  0.001 0.815 0.70 + 0.07 0.61 +0.06 * 0.78 £0.10 0.68 = 0.08 * 0.79 +£0.07%  0.70 + 0.09 **
85% <0.001  0.003 0.791 0.63 + 0.07 0.55 + 0.05 * 0.71 +£0.10 0.63 +£0.09*  0.7140.07% 0.65 +0.09#
90% <0.001  0.024 0.573 0.57 £ 0.06 0.49 £0.04* 0.65 £ 0.11 0.59 +0.09 # 0.64 +0.07 # 0.59 +0.10#
95% <0.001  0.128 0.358 0.50 £ 0.06 0.43 £0.04* 0.58 £0.11 0.55+0.10* 0.56 £ 0.08 0.54+0.11%
100% <0.001  0.404 0.215 0.44 + 0.06 0.37 £ 0.05* 0.52 £0.12 0514+011* 0.48 £+ 0.08 0.49 +0.13*

1-RM, one-repetition maximum; ANOVA, analysis of variance; in bold, significant p-value; *, significant differences
between sexes (p < 0.05); #, significant differences from prone bench row (p < 0.05); !, significant differences from
barbell bent-over row (p < 0.05).
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Furthermore, men provided significantly higher velocity values than women against
light and medium loads (PBR 55-100% 1-RM; BBOR < 85% 1-RM; and SMBOR < 80% 1-RM)
(p-range < 0.001-0.05), and significant exercise X sex interactions were observed from 30 to
40% 1-RM (p-range < 0.032-0.046) (Table 1).

There were significant differences for the anthropometric measures (height and BM;
p < 0.001), although no significant differences were found for age (p = 0.917). Men presented
a higher value of 1-RM strength (Table 2) and ratio-scaled 1-RM (Figure 4) than women for
all exercises (p < 0.001).

Table 2. One-repetition maximum (1-RM), body mass (BM), and ratio-scaled 1-RM (1-RM/BM)

between the three row exercises in men and women.

Prone Bench Row Barbell Bent-Over Row Smith Machine Bent-Over Row
Women Men Women Men Women
Mean £+ SD Mean + SD Mean £+ SD Mean + SD Mean + SD Mean + SD
1 RM (kg) 90.00 £ 19.12 * 50.39 £+ 11.49 93.65 +£17.16 * 55.962 £+ 11.25 99.04 +£23.20* 55.39 £ 11.45
BM (kg) 82.5+10.9* 61.6 + 6.6 82.5+10.9 61.6 + 6.6 82.5+10.9 61.6 £6.6
1 RM/BM (kg) 1.09 +£0.20 * 0.817 £ 0.148 114 +£0.18* 091 £0.14 117 £0.22* 0.90 £0.15

1-RM, one-repetition maximum; BM, body mass; kg, kilograms; MPV, mean propulsive velocity. * shows significant
differences between sexes (p < 0.05).

1.5
Il Men

Eb ) . . [ Women
Eﬁ 1.0 1 l I I
=
S
§ 0.5
-

0.0- . .

T
PBR BBOR SMBOR

Figure 4. Comparison of relative 1-RM performances between sexes (mean £ SD). * Shows sig-
nificantly (p < 0.001) lower than men group. 1-RM = one repetition maximum; BM = body mass;
PBR = prone bench row; BBOR = barbell bent-over row; SMBOR = Smith machine bent-over row.

4. Discussion

This study explored the load—velocity profile during three upper-body rowing ex-
ercises (BBOR, PBR, and SMBOR) in men and women. Supporting our first hypothesis,
men provided significantly higher velocity values than women against light and medium
loads in BBOR and SMBOR and against moderate to high in PBR. Contrary to our second
hypothesis, SMBOR showed significantly higher velocity values for the loads compared
with the PBR, especially in women with loads lower than 65% 1-RM. Furthermore, men
presented a higher 1-RM than women for any rowing exercise. Significant exercise X sex
interactions were observed from 30 to 40% 1-RM. Finally, men showed more 2 than women
for all exercises (men: r? range = 0.825-0.934 vs. women: r? range = 0.771-0.834).

The differences in favor of men in BBOR and SMBOR with light and medium loads
are in line with the findings of previous studies. Alonso-Aubin et al. [46] observed that
women obtained lower values for maximal velocity at 40% of 1-RM in adolescent rugby
players [46]. In the same line, women attained inferior velocities (<85% 1-RM) in horizontal
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and incline bench press and seated military press exercises [21,47]. Furthermore, Pareja
Blanco et al. [37] found that men produce significantly higher mean propulsive velocities
from 30 to 90% 1-RM, practically across the whole spectrum of loads [37]. These results also
support our findings in PBR, where the differences between sexes were in high loads. An
alternative reason to clarify the mechanisms of the differences in the load—velocity profiles
between men and women is that men seem to have more fast muscle fibers [48]. This
could explain why individuals with a high proportion of fast muscle fibers show better
performance in high-velocity movements or actions [49].

Another interesting finding was that the variance between exercises found higher
velocity values for the Smith machine bent-over row. Previous studies have reported that
the load—velocity profile is exercise-specific [23,44,50]. Although the differences in these
studies were in the V1-RM of the compared exercises, we did not observe differences in
the V1-RM between the three variations of the row. One possible explanation for this
is that the exercises have the same movement pattern. Similar results were obtained
in the study by Amador Garcia et al. [21] which analyzed three upper-body pushing
exercises [21]. However, our study also showed differences for the Smith machine bent-
over row compared with the two other rows in moderate and low loads. This fact may
be due to the greater stabilization of the Smith machine in bent-over row exercise and,
therefore, a better ability to apply force. Consequently, an unstable condition decreases the
parameters of strength, power, and muscular speed [51].

For that comparison of 1-RM strength, a ratio scaling of the 1-RM performance nor-
malized to the BM was used to diminish the large differences in BM between men and
women [52,53]. In this study, men had higher absolute (Table 2) and relative (Figure 4)
1-RM performance than women for BBOR, PBR, and SMBOR. These results are consistent
with previous research reporting higher neuromuscular performance in men compared
to women [52-54]. For example, Jones et al. [53] found that men produced a higher abso-
lute average (50% difference) and peak power (42% difference) in a range of loads in the
deadlift exercise (p < 0.001). Similarly, Komi et al. [54] reported lower muscular power
(31.7%; p < 0.001), total leg force (19.7%; p < 0.001), quadriceps force (29.0%; p < 0.001),
and force-time performance (50.3%; p < 0.001), along with other physiological differences
(i.e., muscle enzyme activities, electromyographic activity, muscle fiber composition, etc.),
in a group of young women compared to their male counterparts. Furthermore, although
long-term training has been shown to minimize sex-related differences in neuromuscular
function, the higher lean BM of men would ultimately promote their superior strength
capacity [53].

In addition, we obtained strong linear relationships between the averaged MPV across
the subjects and relative loads for the three rows. These data are in line with other studies
showing that 72 for the load-velocity relationship obtained during upper- [21,24] and lower-
limb exercises [13,37] revealed strong correlations (>0.70). Moreover, our analyses indicate
that the strength of the linearity of the relationship between velocity (MPV) and relative
load (% 1-RM) is slightly lower in free-weight rows (BBOR and PBR) compared with the
Smith machine row (SMBOR). In this vein, these results provide, for Garcia Ramos [4],
support that the % 1-RM-velocity relationship is equipment-specific, showing differences
during the bench press when it is performed using a Smith machine compared to using free
weights. Interestingly, it was also observed that we obtained lower r? values for women
in the three exercises than for men. This lower ? value may also be explained by higher
levels of body mass in men, but a larger sample size would be necessary to confirm this
statement. It has also been proposed that the determination of the individual load—velocity
relationship overcomes these limitations by improving the quality of estimations [4]. These
findings suggest the importance of calibrating the individualized L-V relationship based
on the sex and equipment used in the exercise.

Although we emphasized the perpendicular alignments (concerning the ground) to
measure vertical displacements accurately in free exercises, the precision of the velocity
measurements could be more accurate in the Smith machine because it limits the horizontal
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oscillations of the barbell. Another limitation could be the heterogeneity of the participants’
strength status, though the differences between men and women are not directly caused by
their different strength levels [47].

Nevertheless, this study provides additional support for the necessity of using women’s
formulas instead of general (based on men’s) equations for women, because our results
confirm that men and women attain different velocities against each % 1-RM, particularly
with light and moderate loads. From a practical standpoint, strength and conditioning
coaches could determine resistance training intensity and control the strength performance
of their women athletes quickly and efficiently in BOBR, FPBR, and SMBOR in many sports
where pull movement is important. Future studies should attempt to compare the precision
of both sexes (men and women) load—velocity relationships to predict the 1-RM during
different resistance training exercises and different populations (e.g., basketball players vs.
football players).

5. Conclusions

In conclusion, women have lower velocity values than men during the barbell and
Smith machine bent-over exercises, particularly with loads under 85% 1-RM, and lower
velocities in free prone bench row for loads > 60% 1-RM. The bent-over Smith machine row
has shown to be the exercise with higher velocities. Consequently, it will be necessary to
use the specific equation provided for each sex if we want to estimate the load from velocity
with high precision. Men reported significantly higher ratio-scaled 1-RM performance than
women in all exercises (BOBR, FPBR, and SMBOR). Our findings highlight the importance
of integrating a well-designed strength and conditioning program based on the sex of the
athlete. Research on women has gained popularity over the past two decades; studies such
as this one allow sport practitioners to determine resistance training intensity and control
strength fast and efficiently. With the information provided here, men and women who use
velocity-based training in their practices will be able to include a new set of upper-body
pull movements (i.e., free prone bench pull, bent-over barbell row, and bent-over Smith
machine row) individualized with accuracy through velocity.

Author Contributions: RN.-A. and A.M.-P. participated in the design of the study, contributed
to data collection, data reduction/analysis, and wrote the manuscript; D.M.-L., BR.-M., AM.-P,,
M.M.-N. and C.G.-S. wrote, reviewed, and edited the manuscript. All authors contributed to the
manuscript writing. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted following the Declaration of
Helsinki and was approved by the Comité de Etica of the Universidad Politécnica de Madrid
(20210225).

Informed Consent Statement: The authors confirm that this work has not been previously published,
nor is it currently under consideration for publication elsewhere. All the authors approve this work
for publication and, if accepted, it will not be published elsewhere without the written consent of the
copyright holder.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Kraemer, WJ.; Ratamess, N.A. Fundamentals of resistance training: Progression and exercise prescription. Med. Sci. Sports Exerc.
2004, 36, 674-688. [CrossRef] [PubMed]

2. Kim, PS.; Mayhew, ].L.; Peterson, D.F. A modified YMCA bench press test as a predictor of 1 repetition maximum bench press
strength. |. Strength Cond. Res. 2002, 16, 440-445. [PubMed]

3. Loturco, I; Nakamura, EY.; Kobal, R.; Gil, S.; Pivetti, B.; Pereira, L.A.; Roschel, H. Traditional periodization versus optimum
training load applied to soccer players: Effects on neuromuscular abilities. Int. ]. Sports Med. 2016, 37, 1051-1059. [CrossRef]

[PubMed]


https://doi.org/10.1249/01.MSS.0000121945.36635.61
https://www.ncbi.nlm.nih.gov/pubmed/15064596
https://www.ncbi.nlm.nih.gov/pubmed/12173960
https://doi.org/10.1055/s-0042-107249
https://www.ncbi.nlm.nih.gov/pubmed/27706551

Sports 2023, 11, 220 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Garcia Ramos, A. Resistance training intensity prescription methods based on lifting velocity monitoring. Int. J. Sports Med. 2023.
Online ahead of print. [CrossRef]

Sanchez-Moreno, M.; Rodriguez-Rosell, D.; Pareja-Blanco, F.; Mora-Custodio, R.; Gonzalez-Badillo, J.J. Movement velocity as
indicator of relative intensity and level of effort attained during the set in pull-up Exercise. Int. ]. Sports Physiol. Perform. 2017, 12,
1378-1384. [CrossRef]

Gonzalez-Badillo, ].J.; Sanchez-Medina, L. Movement velocity as a measure of loading intensity in resistance training. Int. J.
Sports Med. 2010, 31, 347-352. [CrossRef]

Jovanovi¢, M.; Flanagan, E.P. Researched applications of velocity based strength training. J. Aust. Strength Cond. 2014, 22, 58-69.
Orser, K.; Agar-Newman, D.J.; Tsai, M.C.; Klimstra, M. The validity of the Push Band 2.0 to determine speed and power during
progressively loaded squat jumps. Sport. Biomech. 2020, 1-9. [CrossRef]

Garcia-Ramos, A.; Barboza-Gonzalez, P; Ulloa-Diaz, D.; Rodriguez-Perea, A.; Martinez-Garcia, D.; Guede-Rojas, F;
Hinojosa-Riveros, H.; Chirosa-Rios, L.J.; Cuevas-Aburto, J.; Janicijevic, D.; et al. Reliability and validity of different methods
of estimating the one-repetition maximum during the free-weight prone bench pull exercise. J. Sports Sci. 2019, 37, 2205-2212.
[CrossRef]

Gonzalez-Badillo, ].J.; Marques, M.C.; Sanchez-Medina, L. The importance of movement velocity as a measure to control resistance
training intensity. |. Hum. Kinet. 2011, 29, 15-19. [CrossRef]

Hennemanv, E.; Somjen, G.; Carpenter, D.O. Functional significance of cell size in spinal motoneurons. J. Neurophysiol. 1965, 28,
560-580. [CrossRef] [PubMed]

Martinez-Cava, A.; Moran-Navarro, R.; Sanchez-Medina, L.; Gonzalez-Badillo, ].J.; Pallarés, J.G. Velocity- and power-load
relationships in the half, parallel and full back squat. J. Sports Sci. 2019, 37, 1088-1096. [CrossRef] [PubMed]

Conceicao, F; Fernandes, J.; Lewis, M.; Gonzaléz-Badillo, ].J.; Jimenéz-Reyes, P. Movement velocity as a measure of exercise
intensity in three lower limb exercises. J. Sports Sci. 2016, 34, 1099-1106. [CrossRef] [PubMed]

Jukic, I.; Garcia-Ramos, A.; Malecek, J.; Omcirk, D.; Tufano, J.J. The Use of Lifting Straps Alters the Entire Load-Velocity Profile
During the Deadlift Exercise. J. Strength Cond. Res. 2020, 34, 3331-3337. [CrossRef] [PubMed]

Moran-Navarro, R.; Martinez-Cava, A.; Escribano-Pefias, P.; Courel-Ibafiez, J. Load-velocity relationship of the deadlift exercise.
Eur. J. Sport. Sci. 2021, 21, 678-684. [CrossRef]

Balsalobre-Fernandez, C.; Cardiel-Garcia, M.; Jiménez, S.L. Bilateral and unilateral load-velocity profiling in a machine-based,
single-joint, lower body exercise. PLoS ONE 2019, 14, e0222632. [CrossRef]

Hernandez-Belmonte, A.; Martinez-Cava, A.; Moran-Navarro, R.; Courel-Ibéafiez, J.; Pallarés, ].G. A comprehensive analysis of the
velocity-based method in the shoulder press exercise: Stability of the load-velocity relationship and sticking region parameters.
Biol. Sport. 2021, 38, 235-243. [CrossRef]

Mufioz-Lépez, M.; Marchante, D.; Cano-Ruiz, M.A.; Chicharro, J.L.; Balsalobre-Fernandez, C. Load-, Force-, and Power-Velocity
Relationships in the Prone Pull-Up Exercise. Int. ]. Sports Physiol. Perform. 2017, 12, 1249-1255. [CrossRef]

Nieto-Acevedo, R.; Romero-Moraleda, B.; Montalvo-Pérez, A.; Valdés-Alvarez, A.; Garcia-Sanchez, C.; Mon-Lépez, D. Should
We Use the Men Load-Velocity Profile for Women in Deadlift and Hip Thrust? Int. ]. Environ. Res. Public. Health. 2023, 20, 4888.
[CrossRef]

de Hoyo, M.; Ndfiez, FJ.; Safiudo, B.; Gonzalo-Skok, O.; Muiioz-Lépez, A.; Romero-Boza, S.; Otero-Esquina, C.; Sanchez, H.;
Nimphius, S. Predicting loading intensity measuring velocity in barbell hip thrust exercise. J. Strength Cond. Res. 2021, 35,
2075-2081. [CrossRef]

Garcia-Ramos, A.; Suzovic, D.; Pérez-Castilla, A. The load-velocity profiles of three upper-body pushing exercises in men and
women. Sport. Biomech. 2021, 20, 693-705. [CrossRef] [PubMed]

Loturco, I; Suchomel, T.; Kobal, R.; Arruda, A.; Guerriero, A.; Pereira, L.; Pai, C.N. Force-Velocity relationship in three different
variations of prone row exercises. J. Strength Cond. Res. 2018, 33, 300-309. [CrossRef] [PubMed]

Sanchez-Medina, L.; Gonzalez-Badillo, ].J.; Pérez, C.E.; Pallarés, ].G. Velocity- and power-load relationships of the bench pull vs.
bench press exercises. Int. . Sports Med. 2014, 35, 209-216. [CrossRef] [PubMed]

Balsalobre-Fernandez, C.; Garcia Ramos, A.; Jimenez-Reyes, P. Load-velocity profiling in the military press exercise: Effects of
gender and training. Int. J. Sports Sci. Coach. 2017, 13, 743-750. [CrossRef]

Weakley, J.; Mann, B.; Banyard, H.; McLaren, S.; Scott, T.; Garcia Ramos, A. Velocity-based training: From theory to application.
Strength Cond. |. 2020, 43, 31-49. [CrossRef]

Barbado, D.; Lopez-Valenciano, A.; Juan-Recio, C.; Montero-Carretero, C.; Van Dieén, ].H.; Vera-Garcia, E]J. Trunk stability, trunk
strength and sport performance level in judo. PLoS ONE 2016, 11, e0156267.

Pearson, S.N.; Cronin, ].B.; Hume, P.A; Slyfield, D. Kinematics and kinetics of the bench-press and bench-pull exercises in a
strength-trained sporting population. Sport. Biomech. 2009, 8, 245-254. [CrossRef]

Aspenes, S.T.; Karlsen, T. Exercise-training intervention studies in competitive swimming. Sports Med. 2012, 42, 527-543.
[CrossRef]

Vigouroux, L.; Devise, M.; Cartier, T.; Aubert, C.; Berton, E. Performing pull-ups with small climbing holds influences grip and
biomechanical arm action. J. Sports Sci. 2019, 37, 886-894. [CrossRef]

Garcia-Pallars, J.; Izquierdo, M. Strategies to optimize concurrent training of strength and aerobic fitness for rowing and canoeing.
Sport. Med. 2011, 41, 329-343. [CrossRef]


https://doi.org/10.1055/a-2158-3848
https://doi.org/10.1123/ijspp.2016-0791
https://doi.org/10.1055/s-0030-1248333
https://doi.org/10.1080/14763141.2020.1829691
https://doi.org/10.1080/02640414.2019.1626071
https://doi.org/10.2478/v10078-011-0053-6
https://doi.org/10.1152/jn.1965.28.3.560
https://www.ncbi.nlm.nih.gov/pubmed/14328454
https://doi.org/10.1080/02640414.2018.1544187
https://www.ncbi.nlm.nih.gov/pubmed/30426840
https://doi.org/10.1080/02640414.2015.1090010
https://www.ncbi.nlm.nih.gov/pubmed/26395837
https://doi.org/10.1519/JSC.0000000000003850
https://www.ncbi.nlm.nih.gov/pubmed/33044371
https://doi.org/10.1080/17461391.2020.1785017
https://doi.org/10.1371/journal.pone.0222632
https://doi.org/10.5114/biolsport.2020.98453
https://doi.org/10.1123/ijspp.2016-0657
https://doi.org/10.3390/ijerph20064888
https://doi.org/10.1519/JSC.0000000000003159
https://doi.org/10.1080/14763141.2019.1597155
https://www.ncbi.nlm.nih.gov/pubmed/31296136
https://doi.org/10.1519/JSC.0000000000002543
https://www.ncbi.nlm.nih.gov/pubmed/29489715
https://doi.org/10.1055/s-0033-1351252
https://www.ncbi.nlm.nih.gov/pubmed/23900903
https://doi.org/10.1177/1747954117738243
https://doi.org/10.1519/SSC.0000000000000560
https://doi.org/10.1080/14763140903229484
https://doi.org/10.2165/11630760-000000000-00000
https://doi.org/10.1080/02640414.2018.1532546
https://doi.org/10.2165/11539690-000000000-00000

Sports 2023, 11, 220 11 of 11

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Garcia-Pallarés, J.; Sdnchez-Medina, L.; Carrasco, L.; Diaz, A.; Izquierdo, M. Endurance and neuromuscular changes in world-class
level kayakers during a periodized training cycle. Eur. J. Appl. Physiol. 2009, 106, 629-638. [CrossRef] [PubMed]

Robbins, D.W.; Young, W.B.; Behm, D.G. The effect of an upper-body agonist-antagonist resistance training protocol on volume
load and efficiency. J. Strength Cond. Res. 2010, 24, 2632-2640. [CrossRef] [PubMed]

Till, K; Tester, E.; Jones, B.; Emmonds, S.; Fahey, J.; Cooke, C. Anthropometric and physical characteristics of english academy
rugby league players. J. Strength Cond. Res. 2014, 28, 319-327. [CrossRef]

Baker, D.; Newton, R.U. Acute effect on power output of alternating an agonist and antagonist muscle exercise during complex
training. J. Strength Cond. Res. 2005, 19, 202-205. [PubMed]

Stoggl, T.; Miiller, E.; Ainegren, M.; Holmberg, H.C. General strength and kinetics: Fundamental to sprinting faster in cross
country skiing? Scand. ]. Med. Sci. Sports 2011, 21, 791-803. [CrossRef]

Weakley, J.; Morrison, M.; Garcia Ramos, A.; Johnston, R.; James, L.; Cole, M. The validity and reliability of commercially available
resistance training monitoring devices: A systematic review. Sport. Med. 2021, 51, 443-502. [CrossRef]

Pareja-Blanco, F.; Walker, S.; Hiakkinen, K. Validity of using velocity to estimate intensity in resistance exercises in men and
women. Int. |. Sports Med. 2020, 41, 1047-1055. [CrossRef]

Nieto-Acevedo, R.; Romero-Moraleda, B.; Diaz-Lara, E].; Rubia A de la Gonzalez-Garcia, J.; Mon-Lépez, D. A Systematic Review
and Meta-Analysis of the Differences in Mean Propulsive Velocity between Men and Women in Different Exercises. Sport 2023,
11, 118. [CrossRef]

Cohen, ]. Statistical Power Analysis for the Behavioral Sciences; Routledge: New York, NY, USA, 2013.

Association, W.M. World medical association declaration of helsinki: Ethical principles for medical research involving human
subjects. JAMA 2013, 310, 2191-2194.

Garbisu-Hualde, A.; Santos-Concejero, ]. Post-activation potentiation in strength training: A systematic review of the scientific
literature. J. Hum. Kinet. 2021, 78, 141-150. [CrossRef]

Ronai, P; Taber, C. The barbell bench pull. ACSM’s Health Fit. ]. 2021, 25, 33-36. [CrossRef]

Pérez-Castilla, A.; Piepoli, A.; Garrido-Blanca, G.; Delgado-Garcia, G.; Balsalobre-Fernandez, C.; Garcia-Ramos, A. Precision of 7
commercially available devices for predicting bench-press 1-repetition maximum from the individual load-velocity relationship.
Int. ]. Sports Physiol. Perform. 2019, 14, 1442-1446. [CrossRef] [PubMed]

Garcia Ramos, A.; Pestafia Melero, F.; Pérez Castilla, A.; Rojas, F.; Haff, G. Mean velocity vs. mean propulsive velocity vs.
peak velocity: Which variable determines press relative load with higher reliability? J. Strength Cond. Res. 2017, 32, 1273-1279.
[CrossRef]

Schober, P.; Schwarte, L.A. Correlation Coefficients: Appropriate Use and Interpretation. Anesth. Analg. 2018, 126, 1763-1768.
[CrossRef]

Alonso-Aubin, D.A.; Chulvi-Medrano, I.; Cortell-Tormo, ].M.; Picon-Martinez, M.; Rial Rebullido, T.; Faigenbaum, A.D. Squat
and bench press force-velocity profiling in male and female adolescent rugby players. J. Strength Cond. Res. 2021, 35 (Suppl. 1),
544-S50. [CrossRef] [PubMed]

Torrejon, A.; Balsalobre-Fernandez, C.; Haff, G.G.; Garcia-Ramos, A. The load-velocity profile differs more between men and
women than between individuals with different strength levels. Sport. Biomech. 2019, 18, 245-255. [CrossRef]

Nuzzo, J.L. Narrative Rreview of sex differences in muscle strength, endurance, activation, size, fiber type, and strength training
participation rates, preferences, motivations, injuries and neuromuscular adaptations. J. Strength Cond. Res. 2023, 37, 494-536.
[CrossRef]

Costill, D.L.; Daniels, J.; Evans, W.; Fink, W.; Krahenbuhl, G.; Saltin, B. Skeletal muscle enzymes and fiber composition in male
and female track athletes. |. Appl. Physiol. 1976, 40, 149-154. [CrossRef]

Garcia-Ramos, A.; Pestaiia-Melero, FL.; Pérez-Castilla, A.; Rojas, FJ.; Haff, G.G. Differences in the load-velocity profile between
4 bench-press variants. Int. J. Sports Physiol. Perform. 2018, 13, 326-331. [CrossRef]

Marquina, M.; Lorenzo-Calvo, J.; Rivilla-Garcia, J.; Garcia-Aliaga, A.; Roman, L.R. Effects on strength, power and speed execution
using exercise balls, semi-sphere balance balls and suspension training devices: A systematic review. Int. . Environ. Health Res.
2021, 18, 1026. [CrossRef]

Comfort, P.; Pearson, S.J. Scaling-Which Methods Best Predict Performance? Artic. |. Strength Cond. Res. 2014, 28, 1565-1572.
[CrossRef] [PubMed]

Jones, M.T; Jagim, A.R.; Haff, G.G.; Carr, PJ.; Martin, J.; Oliver, .M. Greater strength drives difference in power between sexes in
the conventional deadlift exercise. Sports 2016, 4, 43. [CrossRef] [PubMed]

Komi, P.V.; Karlsson, J. Skeletal muscle fibre types, enzyme activities and physical performance in young males and females. Acta
Physiol. Scand. 1978, 103, 210-218. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s00421-009-1061-2
https://www.ncbi.nlm.nih.gov/pubmed/19396614
https://doi.org/10.1519/JSC.0b013e3181e3826e
https://www.ncbi.nlm.nih.gov/pubmed/20847705
https://doi.org/10.1519/JSC.0b013e3182a73c0e
https://www.ncbi.nlm.nih.gov/pubmed/15705035
https://doi.org/10.1111/j.1600-0838.2009.01078.x
https://doi.org/10.1007/s40279-020-01382-w
https://doi.org/10.1055/a-1171-2287
https://doi.org/10.3390/sports11060118
https://doi.org/10.2478/hukin-2021-0034
https://doi.org/10.1249/FIT.0000000000000683
https://doi.org/10.1123/ijspp.2018-0801
https://www.ncbi.nlm.nih.gov/pubmed/30958044
https://doi.org/10.1519/JSC.0000000000001998
https://doi.org/10.1213/ANE.0000000000002864
https://doi.org/10.1519/JSC.0000000000003336
https://www.ncbi.nlm.nih.gov/pubmed/31490425
https://doi.org/10.1080/14763141.2018.1433872
https://doi.org/10.1519/JSC.0000000000004329
https://doi.org/10.1152/jappl.1976.40.2.149
https://doi.org/10.1123/ijspp.2017-0158
https://doi.org/10.3390/ijerph18031026
https://doi.org/10.1519/JSC.0000000000000394
https://www.ncbi.nlm.nih.gov/pubmed/24852127
https://doi.org/10.3390/sports4030043
https://www.ncbi.nlm.nih.gov/pubmed/29910289
https://doi.org/10.1111/j.1748-1716.1978.tb06208.x
https://www.ncbi.nlm.nih.gov/pubmed/150196

	Introduction 
	Materials and Methods 
	Participants 
	Experimental Design 
	Testing Procedures 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

