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Article 
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Analysis of Mechanical and Physiological Variables 
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Portugal 
* Correspondence: asra@ubi.pt 

Abstract: This study examined the effects of re-warm-up versus no re-warm-up before squat or bench 
press on mechanical, physiological, and psychophysiological responses in recreationally trained men. 
Twenty-two participants (23 ± 3 years) completed four randomized sessions involving different re-
warm-up and exercise sequences. Measurements included heart rate, blood lactate, tympanic 
temperature, and perceived exertion. Key performance metrics such as mean propulsive velocity, 
peak velocity, power, velocity loss, and effort index were analyzed. Findings revealed that re-
warming up before squat (W+BP+RW+SQ) significantly enhanced propulsive velocity and power 
compared to no re-warm-up (W+BP+SQ) (p≤0.05; d=0.45-0.62). However, re-warming up before the 
bench press (W+SQ+RW+BP) did not improve mechanical performance compared to the standard 
sequence (W+SQ+BP) (p>0.05; d=0.10-0.38). Notably, velocity loss and effort index were higher in the 
third bench press set under the W+SQ+BP condition (p≤0.05; d=0.53-0.60). No significant differences 
in physiological or psychophysiological responses were found between conditions. Overall, re-
warm-up effectively improved squat mechanical performance when performed after the bench press 
but had minimal impact on the bench press when performed after squats. These findings suggest that 
re-warming up before lower-body exercises may enhance mechanical performance, while its benefits 
may be less pronounced for upper-body exercises. 

Keywords: pre-exercise; specific warm-up; strength training; propulsive velocity; power output; 
heart rate; lactate; rate of perceived exertion; exercise sequence; young adults 
 

1. Introduction 

Warm-up exercises are crucial in recreational training and competition as they prepare the body 
physiologically and psychologically, reduce injury risk, and enhance performance across individual 
and team sports [1–4]. Different warm-up strategies have been investigated, and research tends to 
agree regarding their positive impact on physical performance [5–8]. For instance, warm-up by 
running or cycling for 15 min at 80% of maximum oxygen uptake improves vertical jump 
performance immediately and in the following 20 min post-warm-up [9,10]. Furthermore, warm-up 
by running 500 m at 70% running intensity followed by 3 x 250 m at 100% running intensity 
significantly benefits running performance in the 5000 m in trained endurance runners [11]. 

In resistance training, extensive research has been conducted to analyze the impact of post-
activation potentiation (PAP), the role of general and/or specific warm-up procedures, and the effects 
of various warm-up protocols (e.g., varying volumes and intensities). Studies have documented the 
PAP effect following various exercises, including maximal loaded, submaximal loaded, and 
unloaded exercises [12–14]. According to Wilson et al. [14], the potentiation of warm-up can be 
optimized with multiple sets performed at moderate intensities (i.e., 60-84% of 1RM) and rest periods 
between 7-10 minutes in practitioners with at least one year of resistance training background. 
Furthermore, combining general and specific warm-ups improves force production and increases 
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strength in the one-repetition maximum (1RM) test compared to just performing a specific warm-up 
during 1RM testing procedures [15]. A study by Barnes et al. [2] demonstrated that a specific warm-
up tailored to the exercise led to a more significant enhancement in peak power for the high pull than 
a general warm-up. 

While many previous studies have shown the benefits of warming up before resistance training, 
few have explored different strategies, including monitoring movement velocity, to quantify training 
intensity and the level of effort following specific warm-up strategies [16–18]. Measuring movement 
velocity in real-time in a resistance training setting offers a reliable and regular means of monitoring 
exercise intensity and effort [19]. The measurement of repetition velocity is an accurate and objective 
indication of the actual exertion and level of effort experienced by the practitioner during training, 
providing valuable information to strength and conditioning coaches [19]. Following this velocity-
monitored resistance training approach, recent findings demonstrated that specific warm-ups 
comprising two sets of six repetitions performed with maximal intended velocities at 40% and 80% 
of the training load (i.e., 32 and 64% of 1RM) enhance neuromuscular function, enabling higher 
movement velocity outputs in the initial squat and bench press repetitions and achieving peak 
velocities more quickly [18]. Furthermore, a specific warm-up of one set of six repetitions performed 
with maximal intended velocities at 80% of 1RM seems more effective in potentiating mechanical 
performance in the squat than at 40% of 1RM in resistance-trained males [17]. On the other hand, a 
specific warm-up involving two sets of six repetitions performed with maximal intended velocities 
with progressive loads (40% to 80% of 1RM) may be more effective in increasing mechanical 
performance in the bench press than a single set [17]. 

Although efforts have been made to understand the effect of warming up in its various forms 
(e.g., general and specific) on force production and strength performance [15,20,21], resistance 
training is typically not just a single exercise but a sequence of different exercises targeting the same 
or different muscle groups. In this respect, it stands out that it is important to understand whether 
re-warming up for the following strength exercises has benefits on mechanical (i.e., velocity) and 
physiological performance (e.g., heart rate and lactate responses). However, little is known about the 
need to re-warm-up during the session using specific warm-ups to enhance subsequent exercise 
performance. This need is even more evident when the muscle groups that are most stimulated are 
not the same in the following exercises to be performed. Therefore, considering that the warm-up 
effect may decrease throughout the session, especially during inactivity [22] and if the intensity is 
low [9,10], an effective and practical solution to avoid this decline becomes necessary. It is important 
to balance the free time available in sessions and improve physical performance through re-warming 
strategies between exercises, primarily when focusing on different muscle groups during sessions.  

Therefore, considering the research gap about the impact of re-warming-up in the subsequent 
strength exercises, this study aimed to analyze the effects of different re-warm-up strategies before 
the squat or bench press on mechanical, physiological, and psychophysiological responses in 
recreational-trained men. It was hypothesized that performing a specific rewarm-up following the 
first strength exercise of the session would improve mechanical performance in the squat and bench 
press and produce a similar physiological and psychophysiological response in recreational-trained 
men. 

2. Materials and Methods 

Participants 

Twenty-two male sport sciences students aged between 19 and 32 (22.8 ± 3.3 years, 76.1 ± 12.6 
kg, and 1.78 ± 0.06 m; 1RM bench press: 78.5 ± 11.6 kg; 1RM squat: 96.0 ± 23.1 kg) volunteered to 
participate in this study. Each participant reported no previous illness, injury, or other physical 
problems that could impair their performance during resistance training sessions. All participants 
were verbally informed about the study procedures and signed a consent form. The inclusion criteria 
comprised male participants aged 18 or over, without physical limitations or restrictions to perform 
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resistance exercises, and at least 6 months of resistance training experience, especially in the bench 
press and squat. Participants who met the criteria and voluntarily agreed to participate in the study 
were included. All procedures followed the recommendations of the Declaration of Helsinki and 
were approved by the Ethics Committee of the University of Beira Interior (approval number: CE-
UBI-Pj-2021-018). 

Experimental Design 

In a crossover design, participants performed four resistance training sessions with or without 
re-warm-up conditions following the first strength exercise in a randomized order with at least 48 
hours of rest between each. The experimental conditions were: i) Warm-Up + Squat + Bench Press 
(W+SQ+BP); ii) Warm-Up + Squat + Re-Warm-Up + Bench Press (W+SQ+RW+BP); iii) Warm-Up + 
Bench Press + Squat (W+BP+SQ); iv) Warm-Up + Bench Press + Re-Warm-Up + Squat 
(W+BP+RW+SQ). Heart rate, blood lactate, and tympanic temperature (physiological variables) were 
measured at baseline and immediately after the last exercise of the session. The rate of perceived 
exertion (RPE; psychophysiological variable) was also collected immediately after the last exercise of 
the session. In all sessions, participants performed three sets of six repetitions at 80% of 1RM in the 
squat and bench press. A linear velocity transducer (T-Force Dynamic Measurement System, 
Ergotech, Murcia, Spain) with the cable connected to the barbell of a Multipower (Multipower Fitness 
Line, Perola, Murcia, Spain) collected all mechanical variables during the execution of repetitions. 
Mechanical variables included mean propulsive velocity (MPV), peak velocity (PV), time to peak 
velocity (TPV), velocity loss (VL), mean propulsive power (MPP), peak power (PP), and bar 
displacement. The degree of fatigue was expressed as the effort index (EI) [23]. The experimental 
procedures of the study lasted three weeks, with two sessions performed per week. The first was to 
familiarize the participants with the testing protocols and measure height and body mass (Seca 
Instruments, Ltd, Hamburg, Germany). Then, participants performed a progressive loading test in 
the second session to determine the 1RM load in the bench press and squat. In the following sessions, 
participants performed experimental conditions. Figure 1 illustrates the experimental design. 

 

Figure 1. Experimental procedures and timeline of data collection. 
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Progressive Loading Test in the Bench Press and Squat 

In the bench press test, participants lay supine on a flat bench with feet on the floor and hands 
placed slightly wider than shoulder-width on the barbell [24,25]. They lowered the barbell to the 
chest, just above the nipples, in a controlled manner, and after approximately one second of pause, 
they performed the concentric phase as fast as possible [24]. Participants were not allowed to bounce 
the barbell off the chest or to raise the shoulders or trunk off the bench [26]. In the squat, participants 
started from an upright position with knees and hips fully extended, hands placed slightly wider 
than shoulder-width on the barbell, and the barbell resting on the back at the level of the acromion 
[27]. Then, they began to descend until the tops of the thighs were below 90º in continuous movement 
(eccentric phase), and immediately after, they ascend at maximum velocity to the initial position 
(concentric phase) [27]. Two experienced strength coaches were on both sides of the barbell to ensure 
safety. In both exercises, the first researcher and strength coaches controlled the movement to 
guarantee that all repetitions were performed with the required technique and a similar range of 
movement. The initial load was fixed at 17 kg and 20 kg for all participants in the bench press and 
squat, respectively, and gradually increased by 10 kg. The test finished when participants reached a 
concentric MPV of 0.40 m.s-1 in the bench press and 0.60 m.s-1 in the squat, corresponding to 85% 1RM 
in both exercises [27,28]. Inter-set recoveries ranged from 3 minutes (light loads) to 5 minutes (heavy 
loads). The 1RM load was determined from the last MPV obtained during the test as follows: (100 x 
Load) / (8.4326 x MPV2 – 73.501 x MPV + 112.33) for the bench press [28], and (100 x load) / (-5.961 x 
MPV2 – 50.71 x MPV + 117) for the squat [27]. 

Resistance Training Protocols 

The warm-up included 10 minutes of treadmill running, starting at 50-55% of heart rate reserve 
until reaching 70% in the last 2 minutes, followed by two sets of six repetitions at 32% and 64% of 
1RM in the squat or bench press [16]. After a three-minute pause for physiological and 
psychophysiological variables, participants performed three sets of six repetitions at 80% of 1RM in 
the bench press or squat, with a three-minute interval between sets. Then, depending on the 
experimental condition, participants either performed a re-warm-up of two sets of six repetitions at 
32% and 64% of 1RM in the squat or bench press or immediately performed the second exercise 
without re-warm-up. All concentric repetitions were performed with the maximal intended velocity, 
while the eccentric phase was controlled (~3 seconds). The first researcher and two strength coaches 
(each coach on each side of the barbell to spot participants) supervised all sessions to guarantee a 
correct execution technique and encourage participants to exert maximum effort during all 
repetitions. 

Measurement of Physiological and Psychophysiological Parameters 

Heart rate was monitored during all sessions with a Polar watch (Polar Vantage NV, Kempele, 
Finland). Blood lactate concentration was measured using a hand-held portable device (Lactate Pro 
2 LT-1730, Arkray Inc., Tokyo, Japan). After cleansing the site with 70% alcohol, the fingertip was 
punctured using a disposable lancet. The first drop of blood was discarded, and a tiny blood sample 
was collected for analysis [29]. Tympanic temperature was measured with an infrared thermometer 
to estimate the central body temperature (Braun Thermoscan IRT 4520, Kronberg, Germany) [30]. 
RPE values were measured using a 15-grade scale (Borg scale 6-20) [31]. 

Statistical Analysis 

Considering an expected difference in MPV of 0.04 ± 0.03 m·s-1 between experimental conditions 
with versus without re-warm-up [18], a significance level of 0.05, a statistical power of 80%, and a 
drop-out rate of 20%, an estimated sample size of 12 participants was required [32]. Microsoft Office 
Excel (Microsoft Inc., Redmond, WA, USA) was used to collect physiological and 
psychophysiological results and extract data from the T-Force software. Afterward, data was 
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analyzed in SPSS (v27.0, IBM Corp., Armonk, NY, USA). Descriptive data are presented as mean ± 
standard deviation and 95% confidence intervals (CI). The Shapiro-Wilk test analyzed the normality 
of the data. After confirming the assumption of data normality, paired t-tests were used to compare 
experimental conditions with vs. without re-warm-up (W+SQ+BP vs. W+SQ+RW+BP; W+BP+SQ vs. 
W+BP+RW+SQ) in mechanical, physiological, and psychophysiological variables. The significance 
level was set at p ≤ 0.05. The effect size (ES) was calculated using Cohen’s d to determine the 
magnitude of the differences between conditions. The ES was interpreted as trivial (0.00–0.19), small 
(0.20–0.59), moderate (0.60–1.19), large (1.20–1.99), very large (2.00–3.99), and extremely large (> 4.00) 
[33]. Figures were generated in GraphPad Prism (v7.0, GraphPad Inc., San Diego, CA, USA). 

3. Results 

Mechanical Differences Between Experimental Conditions with vs. Without Re-Warm-Up 

Table 1 shows significant differences between W+BP+SQ vs. W+BP+RW+SQ conditions on MPV 
(first set: t21 = -2.43, p = 0.02, ES = 0.52; second set: t21= -2.25, p = 0.04, ES = 0.48; third set: t21 = -2.09, p = 
0.05, ES = 0.45), PV (first set: t21 = -2.89, p = 0.01, ES = 0.62; second set: t21 = -2.69, p = 0.01, ES = 0.57), 
MPP (second set: t21 = - 2.57, p = 0.02, ES = 0.55; third set: t21 = - 2.10, p = 0.05, ES = 0.45), and PP (second 
set: t21 = - 3.11, p = 0.01, ES = 0.66; third set: t21 = -2.18, p = 0.04, ES = 0.47). 

Table 1. Comparison between condition with warm-up + bench press + squat vs. condition with warm-up + 
bench press + re-warm-up + squat on mechanical parameters. The results correspond to the second exercise 
performed in the session (squat). 

 W+BP+SQ W+BP+RW+SQ 95% CI p-value ES (d) 
SET 1      

MPV (m.s-1) 0.58 ± 0.10 0.61 ± 0.09 (-0.05, 0.00) 0.02 0.52 
PV (m.s-1) 1.10 ± 0.18 1.16 ± 0.14 (-0.10, -0.02) 0.01 0.62 

VL (%) 17.22 ± 8.69 14.57 ± 5.48 (-0.29, 5.60) 0.08 0.40 
TPV (ms) 615.14 ± 106.14 586.64 ± 97.59 (-18.78, 75.78) 0.22 0.27 

EI 9.84 ± 4.44 8.93 ± 3.46 (-0.56, 2.39) 0.21 0.27 
MPP (W) 431.03 ± 79.33 447.67 ± 100.16 (-43.82, 10.54) 0.22 0.27 
PP (W) 957.32 ± 231.93 1006.28 ± 229.01 (-108.12, 10.20) 0.10 0.37 

BD (cm) 49.04 ± 7.40 48.76 ± 7.13 (-1.88, 2.43) 0.79 0.06 
SET 2      

MPV (m.s-1) 0.58 ± 0.10 0.60 ± 0.09 (-0.04, 0.00) 0.04 0.48 
PV (m.s-1) 1.08 ± 0.16 1.13 ± 0.13 (-0.09, -0.01) 0.01 0.57 

VL (%) 14.93 ± 6.41 15.31 ± 6.78 (-3.12, 2.36) 0.78 0.06 
TPV (ms) 608.50 ± 94.25 585.36 ± 104.10 (-16.37, 62.65) 0.24 0.26 

EI 8.40 ± 3.35 8.95 ± 3.45 (-2.05, 0.95) 0.46 0.16 
MPP (W) 425.66 ± 88.50 445.75 ± 96.07 (-36.34, -3.84) 0.02 0.55 
PP (W) 930.17 ± 217.11 993.68 ± 222.62 (-105.92, -21.09) 0.01 0.66 

BD (cm) 48.55 ± 6.87 48.06 ± 7.52 (-1.16, 2.14) 0.54 0.13 
SET 3      

MPV (m.s-1) 0.58 ± 0.11 0.60 ± 0.09 (-0.05, 0.00) 0.05 0.45 
PV (m.s-1) 1.09 ± 0.18 1.13 ± 0.13 (-0.08, 0.00) 0.06 0.43 

VL (%) 16.40 ± 7.81 14.64 ± 6.76 (-1.65, 5.18) 0.30 0.23 
TPV (ms) 603.00 ± 116.46 568.00 ± 96.76 (-11.54, 81.54) 0.13 0.33 

EI 9.31 ± 3.82 8.83 ± 4.14 (-1.56, 2.51) 0.63 0.10 
MPP (W) 429.85 ± 80.85 447.75 ± 86.41 (-35.60, -0.21) 0.05 0.45 
PP (W) 949.00 ± 242.39 995.35 ± 220.93 (-90.51, -2.17) 0.04 0.47 

BD (cm) 48.11 ± 7.63 47.75 ± 7.33 (-1.37, 2.08) 0.67 0.09 
Data are presented as means ± SD unless otherwise stated. Bold values denote significant differences. W+BP+SQ: 
warm-up + bench press + squat; W+BP+RW+SQ: warm-up + bench press + specific rewarm-up + squat; BD: bar 
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displacement; CI: confidence intervals; ES: effect size Cohen’s d; MPV: mean propulsive velocity; PV: peak 
velocity; VL: velocity loss; TPV: time to achieve peak velocity; EI: effort index; MPP: mean propulsive power; 
PP: peak power. 

Table 2 shows significant differences between W+SQ+BP vs. W+SQ+RW+BP on VL (third set: t21 
= 2.48, p = 0.02, ES = 0.53), TPV (second set: t21 = 2.98, p = 0.01, ES = 0.64), and EI (third set: t21 = -0.23, p 
= 0.01, ES = 0.60). 

Table 2. Comparison between condition with warm-up + squat + bench press vs. condition with warm-up + squat 
+ re-warm-up + bench press on mechanical parameters. The results correspond to the second exercise performed 
in the session (bench press). 

 W+SQ+BP W+SQ+RW+BP 95% CI p-value ES (d) 
SET 1      

MPV (m.s-1) 0.46 ± 0.11 0.45 ± 0.07 (-0.04, 0.06) 0.66 0.10 
PV (m.s-1) 0.74 ± 0.22 0.69 ± 0.12 (-0.05, 0.13) 0.35 0.21 

VL (%) 24.68 ± 9.21 28.43 ± 10.41 (-10.65, 3.17) 0.27 0.24 
TPV (ms) 637.45 ± 238.77 669.59 ± 208.30 (-160.57, 96.30) 0.61 0.11 

EI 11.05 ± 3.93 12.66 ± 4.44 (-4.45, 1.23) 0.25 0.25 
MPP (W) 276.87 ± 58.92 278.60 ± 63.77 (-27.63, 24.18) 0.89 0.03 
PP (W) 475.03 ± 150.10 449.77 ± 99.62 (-39.32, 89.84) 0.43 0.17 

BD (cm) 40.92 ± 4.32 40.04 ± 3.56 (-0.35, 2.10) 0.15 0.32 
SET 2      

MPV (m.s-1) 0.46 ± 0.08 0.43 ± 0.07 (-0.01, 0.07) 0.13 0.34 
PV (m.s-1) 0.70 ± 0.18 0.64 ± 0.11 (-0.01, 0.14) 0.09 0.38 

VL (%) 29.86 ± 12.44 31.41 ± 11.70 (-8.11, 5.02) 0.63 0.10 
TPV (ms) 599.32 ± 265.85 438.22 ± 223.70 (48.54, 273.64) 0.01 0.64 

EI 13.29 ± 4.78 13.55 ± 5.52 (-2.62, 2.09) 0.82 0.05 
MPP (W) 282.02 ± 60.60 266.63 ± 59.64 (-8.65, 39.43) 0.20 0.28 
PP (W) 456.02 ± 142.37 410.35 ± 86.52 (-15.66, 107.00) 0.14 0.33 

BD (cm) 40.74 ± 3.95 39.77 ± 4.58 (-0.50, 2.44) 0.18 0.29 
SET 3      

MPV (m.s-1) 0.45 ± 0.11 0.43 ± 0.07 (-0.03, 0.06) 0.44 0.17 
PV (m.s-1) 0.70 ± 0.20 0.65 ± 0.12 (-0.04, 0.13) 0.28 0.24 

VL (%) 30.72 ± 11.74 26.02 ± 6.96 (0.76, 8.64) 0.02 0.53 
TPV (ms) 498.36 ± 259.04 532.73 ± 258.87 (-143.16, 74.43) 0.52 0.14 

EI 13.76 ± 5.83 11.29 ± 3.50 (0.63, 4.31) 0.01 0.60 
MPP (W) 274.94 ± 64.94 266.46 ± 59.35 (-15.42, 32.37) 0.47 0.16 
PP (W) 460.10 ± 146.43 411.45 ± 90.56 (-10.35, 107.64) 0.10 0.37 
BD (m) 40.51 ± 4.50 39.09 ± 3.79 (-0.02, 2.85) 0.06 0.44 

Data are presented as means ± SD unless otherwise stated. Bold values denote significant differences. W+SQ+BP: 
warm-up + squat + bench press; W+SQ+RW+BP: warm-up + squat + specific rewarm-up + bench press; BD: bar 
displacement; CI: confidence intervals; ES: effect size Cohen’s d; MPV: mean propulsive velocity; PV: peak 
velocity; VL: velocity loss; TPV: time to achieve peak velocity; EI: effort index; MPP: mean propulsive power; 
PP: peak power. 

Physiological and Psychophysiological Differences Between Experimental Conditions With vs. Without  
Re-Warm-Up 

Figure 2 shows no significant differences in physiological and psychophysiological parameters 
between W+SQ+BP vs. W+SQ+RW+BP and W+BP+SQ vs. W+BP+RW+SQ at baseline and post-session. 
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Figure 2. Differences between conditions with and without re-warm-up on heart rate (A), blood lactate (B), 
tympanic temperature (C), and rate of perceived exertion (D) at baseline and post-session. W+SQ+BP: warm-up 
+ squat + bench press; W+SQ+RW+BP: warm-up + squat + rewarm-up + bench press; W+BP+SQ: warm-up + 
bench press + squat; W+BP+RW+SQ: warm-up + bench press + rewarm-up + squat. ES: Cohen’s d effect size. 
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4. Discussion 

This study aimed to analyze the effects of re-warm-up after the first strength exercise of the 
session (bench press or squat) on mechanical, physiological, and psychophysiological parameters in 
recreational-trained men. The hypothesis that the re-warm-up would improve mechanical 
performance in the squat and bench press was partially confirmed by the present findings. Re-
warming up between the bench press and squat (W+BP+RW+SQ condition) was shown to be more 
favorable for enhancing MPV and PV during the first two sets of squats than not performing sets of 
re-warm-up (W+BP+SQ condition). Moreover, the power-related variables were higher in the second 
and third sets when the re-warm-up was performed. On the other hand, the re-warm-up between the 
squat and bench press (W+SQ+RW+BP condition) did not show differences in the propulsive velocity 
compared to the no-re-warm-up condition (W+SQ+BP condition). However, the relative VL and EI 
were higher in the third set of the bench press when no re-warm-up was completed after the squat. 
The comparison between experimental conditions with vs. without re-warm-up revealed no 
significant differences in physiological and psychophysiological parameters, confirming our second 
hypothesis that an additional warm-up in the session would not cause a disturbance in physiological 
parameters. These results highlight the importance of re-warming up during the resistance training 
session to optimize mechanical performance, primarily when the following exercise works different 
muscle groups compared to the previous exercise. 

In our study, the re-warm-up effect optimized the mechanical performance in the squat exercise, 
which aligns with previous studies that observed similar mechanical responses [17,18]. This result 
can occur because the squat recruits large muscle groups, such as the quadriceps femoris and gluteus 
maximus [34], which may benefit from a pre-activation to maximize force production and propulsive 
velocity. Contrarily, when the re-warm-up was performed between the squat and bench press 
(W+SQ+RW+BP condition), it did not result in any additional effect on the mechanical performance 
of the bench press. This result may be explained because the bench press, contrary to the squat, 
involves smaller muscle groups than the squat [23,35], which may benefit from the muscular 
activation performed in the previous and different exercises, including the squat. 

Over the years, the warm-up phase has been considered a critical component of a training 
session to potentiate the performance of athletes in different sports [7]. It is well-known that the 
warm-up routine increases body temperature, preparing the body for the following activity, which 
can supply positive effects in physiological parameters, such as the increment of the metabolic 
efficiency or nerve conduction rate and a decrease in muscular stiffness [36,37]. Despite the benefits 
of the warm-up, some uncertainties remain regarding re-warm-ups’ effects in specific resistance 
training activities [20,38]. Following the American College of Sports Medicine guidelines [39] for 
resistance training prescription in novice and untrained individuals, it is recommended to prescribe 
exercises focusing on full-body, and a special preference to apply a general warm-up at the beginning 
of the session. However, there is still a gap in the literature about the contribution of warm-up or re-
warm-up in resistance training performance. 

Our results reported that re-warming up between the squat and bench press (W+SQ+RW+BP) 
seemed indifferent to obtaining better physical performance, as the propulsive velocity did not report 
differences between the experimental condition without re-warm-up (W+SQ+BP). However, the TPV 
in the bench press was inferior in the second set using the re-warm-up condition, which can be 
important for practitioners who aim to increase the ability to produce force quickly. Furthermore, it 
is relevant to highlight the lower VL and EI measured in the last set performed on the bench press 
when the re-warm-up was used after the squat. Considering that EI is a powerful indicator of 
neuromuscular fatigue [23], the current results may support the relevance of the re-warm-up in the 
sense that it can contribute to attenuating fatigue levels and preserving the ability to produce force 
for longer within the training session. 

Although no differences were found between experimental conditions with vs. without re-
warm-up in physiological responses, re-warm-up after the squat or bench press resulted in slightly, 
not significantly, lower blood lactate concentrations compared to conditions without re-warm-up. 
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These results might be related to the decrease in volume and relative intensity during the re-warm-
up phase, which may also enable the body to recover between exercises. Therefore, if the metabolic 
responses following the re-warm-up strategies were slightly lower, they do not negatively influence 
the performance of the subsequent exercise. Since no more differences were found in other 
physiological and psychophysiological (RPE) variables between conditions with and without re-
warm-up, future studies must employ a detailed analysis using, for example, muscle temperature, 
hormonal responses, and motor control after exercise for a deeper analysis. 

Some limitations should be addressed in this study. First, a small sample size of men was used, 
and a larger sample including both sexes would provide more evident conclusions in the analyzed 
variables and support the effects of different warm-up approaches, including re-warm-up routines. 
Second, only the squat and bench press were included in the study. Usually, resistance training is not 
constituted by only these two exercises, reinforcing the need to include more exercises in future 
research. Lastly, including additional physiological variables (e.g., creatine kinase, testosterone, 
cortisol) would allow us to analyze the impact of different re-warm-up strategies more deeply. Even 
conscious of the study’s limitations, the current findings are important for researchers and strength 
and conditioning coaches to provide evidence about the warm-up methodologies and their effects on 
resistance training performance. Future research should include additional resistance training 
exercises (e.g., knee extension and biceps curls) or even supplementary variables such as muscle 
temperature and hormonal responses to enrich the knowledge of the warm-up phenomenon in 
resistance training performance. These analyses could be pertinent and helpful in increasing the 
understanding of the effects of different warm-up routines in recreational contexts and sports 
performance.  

This study has practical implications for researchers and strength and conditioning coaches 
when implementing interventions in recreational-trained males. Based on the results, when 
combining the bench press and squat in the same resistance training session, performing a re-warm-
up following the bench press might be indicated to improve the squat’s propulsive velocity. 
Furthermore, introducing a re-rewarm-up between the squat and bench press might be indicated to 
decrease the magnitude of fatigue in the last sets and preserve mechanical performance over the sets. 
Finally, performing a re-warm-up in both protocols will not induce a more significant increase in 
heart rate, blood lactate, tympanic temperature, and RPE when compared to not performing a re-
warm-up. 

5. Conclusions 

The current study highlights the potential benefits of re-warm-up for improving mechanical 
performance during resistance training, particularly in the squat, in recreational-trained men. When 
the squat was performed after the bench press, the re-warm-up demonstrated a notable increase in 
propulsive velocity, indicating its positive influence on physical performance outcomes. However, 
when the bench press followed the squat, the impact of the re-warm-up appeared less pronounced. 
Considering physiological and psychophysiological parameters, no differences were found between 
experimental conditions with vs. without re-warm-up. The current results highlight the positive 
impact of re-warm-up between exercises in mechanical performance, emphasizing the need for 
personalized approaches to optimize resistance training outcomes. 
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