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ABSTRACT

International Journal of Exercise Science 14(4): 1247-1255, 2021. The primary purpose of this study is
to examine the effect of two different deadlift barbell height positions on maximal isometric force and subsequent
maximal squat jump performance in recreationally-trained men. Fifteen young, healthy, recreationally-trained men
(age: 24.7 + 3.5years, height: 177.1 £ 7.9cm, and total body mass: 81.2 + 9.8kg) volunteered to participate. All
participants performed maximal squat jumps (MS]) at 90° of knee flexion before (pre-test) and after 4-min (post-
test) performing the deadlift exercise using maximal isometric force (MIF) and MIF normalized by body mass
(ratiomrr) in two barbell height positions (25% and 75% of the lower limb height, LLH) in a randomized and
counterbalanced order. A paired-sample t-test was used to test differences in MIF and ratiomr between 25% LLH
and 75% LLH. Two-way ANOVAs were used for positions (25% LLH and 75% LLH) and time (pre- and post-test)
for all dependent variables with an alpha of 5%. Differences were found for MIF and ratiomrr during the deadlift
between 25% LLH and 75% LLH (p < 0.001). There was observed an increase in impulse between pre- and post-test
only at 75% LLH (p < 0.001), decrease in time to peak force between pre- and post-test only at 75% LLH (p < 0.001),
and increase in peak force between pre- and post-test at 75% LLH (p = 0.029). The present results showed that the
maximal isometric deadlift exercise at 75% LLH (midthigh) improves subsequent jump performance of the squat
jump recreationally-trained men.
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INTRODUCTION

Warm-up is a fundamental component to prepare athletes before a higher muscle demand,
mainly, before competition or sports events (2). Different warm-up strategies are used to prepare
athletes to enhance their power/strength performance, such as stretching (ballistic or dynamic),
low-intensity cyclical activities (steady jogging, running, or cycling), isometric actions, and/or
activities that mimic sporting movements progressing from low to high-intensity speed (2, 18).
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Additionally, post-activation performance enhancement (PAPE) is a phenomenon frequently
used as part of the specific warm-ups aiming to improve power/strength performance
following maximal or near-maximal static (12, 14, 15, 26, 28) or dynamic contractions (3, 5, 11).
PAPE is characterized by an increase in power after a conditioning activity based on several
mechanisms (reduction of neuronal rheobase, rise in myosin light chain phosphorylation,
greater activation of fast fibers, the influence of the pennation muscle, increased cytosolic
concentration of inorganic phosphate, and the enzymatic stimulation: calcium/calmodulin)(27).

Isometric actions can be used quickly before competitions and sports events, as part of the
specific warm-up, aiming to induce PAPE in various short-term power activities. Specifically,
multijoint isometric exercises are used to evaluate the maximum force and rapid force-
generating capacity in athletes (7, 8, 9). Beckham et al., (6) analyzed fourteen powerlifters who
performed isometric deadlift pulls on a force plate at 3 key positions (at the floor, just above the
patella, and 5-6 cm short of lockout) and in the midthigh pull position. The authors reported the
force generated in the midthigh pull position was significantly higher than any other position.
Bartolomei et al., (4) analyzed twenty experienced resistance-trained men (3 years of experience)
on maximal isometric deadlift force in two barbell positions (midthigh and mid shin) performed
on a force plate.

Several studies analyzed the effects of isometric actions on subsequent PAPE with controversial
results (12, 14, 15, 26, 28). A study by French et al. (12) and Gullich and Schmidtbleicher (15)
showed that isometric actions improved power activities (counter-movement jumps and drop
jump height). On the other hand, Gossen and Sale (14) and Robbins and Docherty (26) did not
observe differences in dynamic knee extension or counter-movement jump (respectively) after
maximal isometric actions. Additionally, Tsolakis et al. (28) observed that stronger individuals
showed a greater decrease in peak leg power after isometric actions. Besides, performing
maximal isometric actions with a specific body position may offer a better mechanical advantage
to produce power/strength (4) and, consequently, induce PAPE. To the best of the authors’
knowledge, no study analyzed the influence of the body position on subsequent PAPE
phenomenon.

Therefore, the purpose of this study is to examine the effect of two different deadlift barbell
height positions on maximal isometric force and subsequent maximal squat jump performance
in recreationally-trained men. Based on a pilot study, it is hypothesized that 1. the higher barbell
position has greater effects on the maximal isometric force during the deadlift exercise and 2.
the maximal isometric force with the higher barbell position induces greater enhancement in the
subsequent maximal squat jump performance. Thus, understanding the effect of maximum
isometric force on jump performance can be useful in the use of more effective and faster specific
warm-up strategies for athletes in various high intensity and short duration sports such as
rugby, volleyball, handball, football, track & field (sprints, throws, and jumps), power/strength
sports (weightlifting and weightlifting), and combat sports.
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METHODS

Participants

The sample size was justified by a priori power analysis based on a pilot study where the
maximal impulse of the vertical jump, in four recreationally-trained participants, was assessed
as the outcome measure with an effect size difference of 0.70, an alpha level of 0.05, and a power
(1 — B) of 0.80 (10). Therefore, fifteen young, healthy, recreationally-trained men (age: 24.7 + 3.5
years, height: 177.1 £ 7.9cm, and total body mass: 81.2 + 9.8kg) volunteered to participate. All
participants had previous experience of resistance training for at least 1 year and a frequency of
three times a week. Participants had no previous lower back injuries, surgery on their lower
extremities, and no history of injury with residual symptoms (pain, “giving-away” sensations)
in their lower limbs within the last year. The participants were informed of the risks and benefits
of the study prior to any data collection and then read and signed an institutionally approved
the informed consent document and the study (#1718/161-2018). This research was carried out
fully in accordance to the ethical standards of the International Journal of Exercise Science (22).

Protocol

All procedures were randomized and counterbalanced across participants and experimental
conditions. Participants attended one session in the laboratory and refrained from performing
any lower body exercise other than activities of daily living for at least 48 hours prior to testing.

The participants” anthropometric measurements (height, weight, and lower limb length) were
measured. The lower limb length in standing position was used to determine two different
barbell height positions (25% and 75% of lower limb height [LLH]). The lower limb length was
measured from the greater trochanter of the femur to the lateral malleolus of the fibula. Next,
each participant performed a standardized dynamic warm-up consisting of 5 submaximal squat
jumps (starting at 90° of knee flexion). Afterward, all participants performed a familiarization
with the deadlift exercise using three trials of 2-sec submaximal isometric actions in two different
barbell height positions (25% LLH and 75% LLH) using a locked barbell. The participants’ feet
were positioned at hip-width apart in a comfortable position, vertically aligned with the barbell
position, and marked by a tape on the floor. The participants” grip was marked on the barbell
using tape in a comfortable position. The same hand and feet positioning were used in all
experimental conditions.

After a specific warm-up and familiarization, all participants performed a pre-test with three
trials of the maximal squat jump (MSJ) (starting at 90° of knee flexion), no arm action (hands on
the hips), and 30-sec of rest between trials. A step (with height adjustment) was positioned
behind each participant in order to restrict the initial position of the knees (at 90° of knee flexion)
before all MSJs and to avoid the countermovement. Then, participants performed the maximal
isometric deadlift exercise (MIF) with three trials of 5-sec against a locked barbell under one of
two barbell height positions in a randomized and counterbalanced order: (1) MIF at 25% LLH;
or (2) MIF at 75% LLH. A 30-sec rest interval was permitted between trials. After all MIFs at one
specific barbell height position (25% LLH or 75% LLH), all participants rested for 4-minutes, and
they were asked to perform three trials of MS]J (post-test) (starting at 90° of knee flexion), with 5-
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sec of rest between trials. In the same session, all participants rested for 45-minutes, and then,
they repeated all procedures with a different height barbell position (25% LLH or 75% LLH),
Figure 1.

Familiarization 3x 3x MIF 3x . 3x 3x MIF 3x
Warm-up MS] @%LLH) | a.min | MSJ 45-min MSJ (75%LLH) | 4.min | MSJ

Figure 1. Experimental Procedure.
Legend: MS] - maximal squat jump; MIF - maximal isometric deadlift exercise; LLH - lower limb height; min -
minutes.

The MIFs (25% LLH and 75% LLH) and all MS]Js were performed on a force plate (Kistler, Kistler
Instrument Corp., NY, USA) with a sample rate at 250Hz. All participants were asked to wear
the same shoes during the session and to maintain their normal dietary intake. They also
received similar verbal encouragement during all trials, all measurements were performed
between 2 PM and 4 PM, and measured by the same researcher (CSCS certified).

The vertical ground reaction force data (vGRF) were analyzed with a customized Matlab routine
(MathWorks Inc., Massachusetts, USA).

Maximal isometric force (MIF): The digitized vGRF data from the deadlift exercise were low-
pass filtered at 10Hz using a fourth-order Butterworth filter with a zero lag. Then, the first and
last second was removed to avoid body adjustments. Then, the MIF was defined as the maximal
value of three trials in each barbell height position (25% LLH and 75% LLH). The MIF was
normalised by the body weight (ratiomir) for both barbell height positions, was calculated as
follows: Ratiomir = MIF (N)/body mass (kg)*9.81.

Maximal Squat Jump (MS]): The digitized vGRF data from each MS] was filtered using a fourth-
order Butterworth filter with a 10 Hz cutoff frequency, and zero lag. Then, three dependent
variables were analyzed: 1. Peak force (PF) was defined as the maximal value of the force x time
curve (concentric phase); 2. Time to peak force (TPF) was defined as the time between the
beginning of the jump (concentric phase) and the peak force; 3. Impulse was defined as the area
under the force-time curve, defined by the beginning of the jump (concentric phase) and the
take-off (16, 20, 21). The average of three MS]Js was calculated for each jump variable and used
for further analysis.

Statistical Analysis

The normality and homogeneity of variances were confirmed by the Shapiro-Wilk and Levene’s
tests, respectively. Mean, standard deviation, delta percentage (A%), and 95% confidence
interval (CI) were calculated. A paired-sample t-test was used to test differences in MIF and
Ratiomir between two deadlift barbell height positions (25% LLH or 75% LLH). The data from
the MSJ were analyzed with two-way repeated-measures ANOVA with two barbell height
positions (25% LLH and 75% LLH) and times (pre- and post-test) for all dependent variables
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(Peak Force, TPF, and Impulse). Post-hoc comparisons were performed with the Bonferroni test.
Furthermore, the magnitudes of the difference were examined using the standardized difference
based on Cohen’s d units using effect sizes (d). The d results were qualitatively interpreted using
the following thresholds: < 0.35 - trivial; 0.35-0.8 - small; 0.8-1.5 - moderate; > 1.5 - large for
recreationally trained (25). An alpha of 5% was used to determine statistical significance.

RESULTS

Maximal isometric force (MIF) during the deadlift exercise: For MIF, there was a statistical
difference between barbell positions (25% LLH: 1873.0 + 715.9N vs. 75% LLH: 2278.6 + 741N, p
< 0.001, d = 0.56 [small effect], and A% = 18%). For Ratiomir there was a statistical difference
between barbell positions (25% LLH:2.42 +1.1 vs. 75% LLH: 294 + 1.1, p < 0.001, d = 0.47 [small
effect], and A% =17.7%).

Squat Jump Variables: For PF, there was a significant main effect for time (p = 0.040). There was
interaction between barbell height position and time (p = 0.007). There was observed statistical
increase for PF between pre- and post-test at 75%LLH (p = 0.029, d = 0.97 [moderate effect], and
A% = 15) (Figure 2a). For TPF, there was no significant main effect for barbell height position (p
= 0.173) or time (p = 0.240). There was interaction between barbell height position and time (p =
0.012). There was observed statistical decrease for TPF between pre- and post-test only at 75%
LLH (p < 0.001, d = 0.77 [small effect], and A% = 25) (Figure 2b). For Impulse, there was a
significant main effect for time (p < 0.001). There was interaction between barbell height position
and time (p = 0.025). There was observed statistical increase in impulse between pre- and post-
test only at 75% LLH (p < 0.001, d = 0.41 [small effect], and A% = 18%) (Figure 2c).
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Figure 2. Mean + standard deviation of (a) peak force; (b) time to peak force (TPF); and (c) impulse of the maximal
squat jump before and after maximal isometric deadlift with different lower limb heights (25% and 75% LLH).
Note. *Significant difference between pre- and post-test, p<0.05.

DISCUSSION

The purpose of this study is to examine the effect of two different deadlift barbell height
positions on maximal isometric force and subsequent maximal squat jump performance in
recreationally-trained men. The main findings of this study were that: 1. the high barbell
position (75% LLH) produced higher values of MIF and ratiomrr during the deadlift exercise
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when compared to the lower barbell position (25% LLH); 2. The maximal isometric deadlift
exercise at 75% LLH affected positively the squat jump performance. These results can be useful
in the use of more effective and faster specific warm-up strategies for athletes in various high
intensity and short duration sports.

Multijoint isometric exercises are used to evaluate the maximum force and rapid force-
generating capacity in athletes (7, 8, 9). The results for the maximal isometric force (MIF) showed
that the high barbell position (75% LLH) produced higher values (18%) when compared to the
low barbell position (25% LLH) during the deadlift exercise and corroborated with our
hypothesis that the higher barbell position has greater effects on maximal isometric actions
during the deadlift exercise [75% LLH: 2,278.6 + 741.0N (ratiomrr = 2.94 + 1.1) and 25% LLH:
1,873.0 £ 715.9N (ratiomr = 2.42 £ 1.1), p < 0.001]. Additionally, the studies of Beckham et al., (6)
and Bartolomei et al., (4) corroborated with the present results, however with different training
statuses. Beckham et al., (6) analyzed fourteen powerlifters who performed isometric deadlift
pulls on a force plate at 3 key positions (at the floor, just above the patella, and 5-6 cm short of
lockout) and in the midthigh pull position. The authors reported the force generated in the
midthigh pull position (5,829.0 + 867.0N) was significantly higher than any other position.
Bartolomei et al., (4) analyzed twenty experienced resistance-trained men (3 years of experience)
on maximal isometric deadlift force in two barbell positions (midthigh and mid shin) performed
on a force plate. Regarding all previous studies, at 75% LLH (or midthigh) position favored the
participants to produce the highest maximal isometric force during the deadlift exercise. The
greater level of force observed at 75% LLH may be explained by a greater mechanical advantage
in this position (promoting a greater internal moment arms and ideal jumping position) when
related to 25% LLH (or mid shin) position. Additionally, in this specific position (at 25% LLH),
it is feasible to speculate that changes in muscle length modify muscle contractile abilities and,
may modify sSEMG (superficial electromyography)-force and sEMG-moment relationships (1,
19, 24, 30). Afferent signals from muscles could decrease motoneuronal firing frequency (i.e.
Golgi tendon reflex, GTO) during isometric actions when the muscle fibers are in an elongated
position (13).

Regarding the subsequent effect in jump performance after the maximal isometric deadlift
exercise with two barbell positions, the results of the present study showed that only the deadlift
exercise at 75% LLH affected positively the MS] performance corroborating the hypothesis that
maximal isometric actions with higher barbell position will induce a greater enhancement in
subsequent squat jump performance. The dependent variables analyzed in the present study
were peak force (PF), time to peak force (TPF), and impulse. For the 75% LLH position, the PF
increased by 15% resulting in greater force production during the MSJ and the TPF decreased
by 25% representing a faster movement during MS]J. The combination of these two variables
represents the rate of force development that is a fundamental component of jump performance.
Additionally, the capacity to jump is dependent on the velocity of take-off and attributable to
impulse (impulse-momentum relationship) (29), thus, in the present study impulse increased by
18% after the deadlift exercise at 75% LLH.
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The results presented in this study might be explained by the post-activation performance
enhancement (PAPE). PAPE is characterized by an increase in power after a conditioning
activity based on several mechanisms (reduction of neuronal rheobase, rise in myosin light chain
phosphorylation, greater activation of fast fibers, the influence of the pennation muscle,
increased cytosolic concentration of inorganic phosphate, and the enzymatic stimulation:
calcium/calmodulin) (27). The results of this study showed improvement in jump performance
after maximal isometric actions using the deadlift exercise in all variables analyzed and
corroborated with studies that showed scientific evidence of the use of isometric actions in
increasing strength/power activities (12, 15). Curiously, only the deadlift exercise at 75% LLH
affected the subsequent squat jump performance. A possible explanation for these results may
be the difference in peak force observed between the two analyzed positions (75% LLH > 25%
LLH, A% =17.7%). The greatest results in peak force have greater effects on PAPE or it can be
hypothesized that there is a certain minimum threshold of force to produce PAPE for each task,
although this hypothesis has not been tested in the present study. Another possible explanation
for these results might be the relationship between the deadlift position and the initial squat
jump position. The transfer of force from isometric actions to tasks at similar joint angles is
documented in the scientific literature (17). In this way, maximal isometric actions at specific
joint positions during multi-joint exercises (deadlift) can provide mechanical specificity (23).

The results showed that the isometric deadlift exercise at 75% LLH improves the subsequent
jump performance on recreationally-trained men. The present findings suggest the use of
isometric actions at a specific joint angle combined with a multi-joint exercise (deadlift) is
efficient to improve jump performance. This research may be of benefit to different athletes and
practitioners of various sports such as rugby, volleyball, handball, football, track & field (sprints,
throws, and jumps), power/strength sports (weightlifting and weightlifting), and combat
sports. Maximal isometric actions at a specific joint angle combined with multi-joint exercises
can be used as part of a specific warm-up aiming at the subsequent increase in jumping
performance. In addition, isometric actions can be used quickly before competitions and when
other high-intensity strategies are not available.

This study has some limitations that should be considered when interpreting the current results.
We did not measure the joint angles during the deadlift exercise in both isometric conditions.
We analyzed two conditions (25% LLH and 75% LLH) in the same session with 45-min rest
between conditions, even not observing residual fatigue between conditions. We also used
healthy, recreationally-trained men only, and, therefore, our findings are not generalizable to
other conditions, populations, or women. Future studies could evaluate the effect of isometric
actions in different jumps, populations, and with different times between isometric action and
jumps.
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