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A comparison of morning priming exercise using traditional-set
and cluster-set configurations on afternoon explosive performance
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ABSTRACT: The impact of two priming exercise protocols using traditional (TS) or cluster-set (CS) arrangements
on explosive performance 6 hours later were examined. Sixteen male collegiate athletes performed three testing
sessions (one baseline without any prior exercise in the morning and two experimental sessions) separated by
72 hours. Participants completed two morning (9—11 am) priming protocols in a randomized order, either using a TS
(no rest between repetitions) or CS (30 seconds of rest between repetitions) configuration. The protocols consisted
of 3 sets x 3 repetitions of barbell back squat at 85% of 1 repetition maximum, with 4 minutes of rest between
sets. In the afternoon (3-5 pm) of each trial, after a 6-hour rest period, a physical test battery was conducted that
replicated baseline testing, including countermovement jump, 20-meter straight-line sprint, and T-test abilities.
Across both conditions, participants exhibited increased countermovement jump height, 20-meter sprint time and
T-test time compared to baseline (P < 0.05). Improvements in countermovement jump height (+4.4 = 5.4%;
P = 0.008) and 20-meter sprint time (+1.3 =1.7%; P = 0.022), but not T-test time (+1.1 +3.3%; P = 0.585),
were significantly greater for CS than TS. In conclusion, compared to a traditional set arrangement, a morning-based
priming protocol using a cluster-set configuration led to superior explosive performance benefits in the afternoon.
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Performing a low-volume resistance exercise, typically executed at
maximal or near-maximal velocity, in the hours leading up to com-
petition is a common priming exercise protocol [1]. According to
a recent survey, external resistance workouts (e.g., jumping, squatting,
pressing, and pulling derivatives) are often used in high performance
sport to enhance afternoon explosive neuromuscular performance
after completing the morning priming exercise [2]. Specifically, these
delayed performance improvements have included enhanced force
and power production during competitive actions, such as jump-
ing [3, 41, sprinting [5, 61, or agility [5], after various priming exer-
cises performed up to 48 h beforehand. While unloaded exercises
and exercises utilizing elastic bands for external resistance are com-
mon loading strategies [1, 71, current evidence supports the use of
resistance exercises, such as the back squat and bench press, per-
formed in 2-4 sets of 3-5 repetitions at high resistance load (> 80%
of 1 repetition maximum [1RM]) for lower body exercises [3, 51.
Literature indicates that morning priming exercise can improve
afternoon explosive performance in swimmers [8], throwers [9],
and rugby union players [6], while other studies have reported lim-
ited changes to countermovement (CMJ) performance following

this practice [6, 10]. In the majority of available studies, the ex-
ercise set structure consisted of executing each repetition in se-
quence without rest between repetitions, known as a ‘traditional
set’ structure [11]. One potential challenge with the traditional set
(TS) structure is the ability to sustain high-velocity patterns through-
out the session at least for moderate-to-high loads due to the ac-
cumulation of fatigue, which may be caused by decreased adenos-
ine triphosphate and phosphocreatine availability, and increased
lactate and/or ammonia accumulation [12]. This phenomenon is
especially noticeable when lifting movements commonly used as
priming exercises involve a small number of repetitions at higher
loads in multiple sets [13].

To overcome the fatigue that comes with lifting heavier loads dur-
ing priming exercises, one strategy is to adjust the set configura-
tion [1, 7]. Cluster set (CS) structure is a technique that entails break-
ing down a set’s repetitions into smaller clusters with rest periods of
~20 to 40 seconds between them [11, 14]. Compared to a TS struc-
ture, a CS configuration may lead to better maintenance of move-
ment velocity and power across sets and an entire exercise ses-
sion[11, 15, 16, 17]. To date, CS arrangements in morning priming
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exercise literature have received limited attention, which has left
many questions regarding their application and eventual benefits on
explosive measures later in the day, including less frequently stud-
ied aspects such as sprinting and agility [7].

This study aimed to examine the impact of two priming exercise
protocols, each featuring a different set arrangement (TS and CS),
on performance measures including jumping, sprinting, and agility.
It was hypothesized that a morning squat-based priming exercise
utilizing a CS configuration would lead to greater enhancements in
neuromuscular performance six hours after the end of the session
compared to a TS structure.

MATERIALS AND METHOD'S 1
Participants

A repeated measures analysis of variance power calculation (a = 0.05,
1-B = 0.8) was conducted with G*Power (Version 3.1.9.3) to deter-
mine sample size based on one of our primary variables: sprint per-
formance. The effect size of a priming exercise protocol on acute
changes in sprint time, based on expected performance improvement
after six hours of recovery, is 0.41 [5]. To express our results with
95% confidence, a minimum sample size of 15 participants was
obtained. Therefore, to account for potential drop-outs or injuries,
sixteen healthy males (age: 22.0 + 2.16 years; height: 1.78 =0.05 m;
body mass: 76.2 + 8.3 kg) were recruited. Participants were classified
as ‘Highly trained/National level’ (Tier 3) using established criteria [18],
and were active in different sports (i.e., basketball, volleyball, track
and field). They reported a two-year history of resistance training,
including at least two sessions per week, and demonstrated experience
in the back squat, with a minimum 1RM of 1.5 times their body mass
(back squat 1RM: 146.1 +22.1 kg). The study was approved by
Beijing Sport University Review Board for Human Participants (no.
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2018018 H), and complied with the principles of the Declaration of
Helsinki, with written informed consent obtained from participants.

Study design

The participants underwent five separate laboratory sessions, which
included two familiarization sessions (visits 1 and 2), one baseline
testing session (visit 3), and two main experimental sessions that
were conducted in a randomized order (visits 4 and 5) over a period
of three weeks. The visits were spaced 3-7 days apart. All participants
were familiar with the testing procedures through their regular phys-
ical performance assessments in their clubs. Participants were in-
structed to avoid alcohol and caffeine consumption and refrain from
strenuous training for 24 hours before each session. They were also
asked to maintain a 24-hour food diary before the baseline testing
session and to replicate their diet before the other two remaining
trials. The participants were instructed to maintain their normal diet,
avoiding nutritional supplements, during the testing protocol. Air
temperature was maintained constant at ~22°C. An overview of the
study design is depicted in Figure 1.

Experimental visits

Familiarization sessions

During both sessions, participants visited the laboratory in the after-
noon (3-5 pm), which coincided with the time of performance as-
sessment during the two main experimental visits. The first step was
to explain and demonstrate the detailed procedures and correct
techniques for all the tests. Afterwards, participants practiced three
sets of five repetitions of the barbell back squat with a light load
(< 50% 1RM) on a Smith machine. To familiarize themselves with
the test protocols and procedures, they performed a series of CMJ,
20-meter sprint, and T-test [3, 5, 19]. This included three repetitions
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FIG. 1. Study design. CMJ, countermovement jump. TS, traditional sets. CS, cluster sets.

130 .



Resistance priming exercise and cluster sets

of technique practices and three repetitions of maximal efforts, with
~3 minutes of recovery between each repetition.

Baseline testing session

The baseline testing session was conducted in the afternoon (3-5 pm).
Participants were first instructed to complete an 8-minute standard-
ized warm-up routine, which consisted of five minutes of running
and three minutes of dynamic stretching of hip and ankle mobility.
Baseline values were then obtained for CMJ height, peak power,
take-off velocity and push-off impulse, as well as 20-meter sprint
performance and T-test performance. Each test was repeated three
times, and the best trial was recorded for statistical analysis. Lastly,
the 1 RM of the barbell back squat was determined.

Main experimental sessions

Participants completed the standardized warm-up from the baseline
testing session upon arriving at the laboratory. After a 5-minute rest
in a passive seating position, they began a protocol consisting of
three sets of three repetitions of barbell back squat at 85% of their
1RM on a Smith machine (Technogym Equipment, Italy). This was
done in one of two experimental conditions: no rest between repeti-
tions (TS) or a 30-second interval between repetitions (CS), with
a 4-minute interval between sets in both cases [20]. After a 6-hour
rest period, the testing routine was performed in a manner similar
to the baseline testing session.

Procedures

One-repetition maximum testing

Before the test performed on a Smith machine, participants com-
pleted a brief warm-up protocol consisting of submaximal squats at

50, 70, 80, and 90% of their self-estimated 1RM. This entailed 10,
6, 3 and 1 repetition(s) for each percentage, respectively, with
a 2-minute rest between sets. Then, the load was gradually increased
in 4-5 trials with at least 3 minutes of rest between each trial until
the participant reached their 1RM [21]. The squat depth was indi-
vidually standardized to parallel, meaning that they descended to
reach a 90° knee angle. All participants reached their 1RM within
a maximum of five trials.

Countermovement jump test

To perform the CMJ test, participants were instructed to jump as
high as possible. They started from a standing position and performed
a downward countermovement to a self-selected depth, followed
immediately by a rapid jump in one continuous movement. Partici-
pants were instructed to keep their hands on their hips to eliminate
any influence of arm swing. The jumping was performed while par-
ticipants stood on a force platform, which allowed for direct measure-
ment of the vertical ground reaction forces. Data were sampled at
a frequency of 1,000 Hz (model 9286BA, Kistler Corporation, Swit-
zerland). Vertical jump height, peak power output, take-off velocity,
and push-off impulse were all calculated using the MARS software
(version 4.0; Kistler Corporation, Switzerland). Participants com-
pleted three trials of the CMJ, with a 1-minute rest between each
trial. The mean of three trials was used for final analysis.

20-meter sprint test

To prepare for the 20-meter straight-line sprint test, participants
underwent a 5-minute warm-up consisting of light drills, followed by
50% and 80% intensity efforts over the 20-meter distance. Partici-
pants started the test in a 2-point stance and then completed three

TABLE 1. Variables at baseline, traditional set (TS) and cluster sets (CS).

Variabl Conditions ANOVA Baseline - TS Baseline — CS TS -CS
ariapbles

Baseline TS cs P value (12)  ES; MD(95% Cl) ES; MD(95% Cl)  ES; MD(95% CI)
CMJ height 465 483  50.4 0.23; 0.48; 0.25;
(cm) +7.9 +80% +xgax | <0001058) 4055 05  39(59-20  -2.1(-37;-0.5)
CMJpeak 6218 6255 6442 oo 0.04; 0.26; 0.20;
power (Wkg) +834 =10.01 =892+ = 0004039 0 354095 -1.88(:3.68-0.07) 0.006(-0.007;0.019)
CMJ take-off  3.05 316 321 0.41, 0.57; 0.17;
velocity (m/s) =026 +027% +0.28« © <000MO05L 110618003 -005-013:0.03 0.11(-0.01:0.22)
CMJ push-off  227.5 2338  237.3 0.25; 0.37, 0.13;
impulse (Ns) =23.8 =250% =27.0¢ & <000M050) oo 100.17) 97(15.4-40)  -3.4(-7.5:0.7)
20-msprint | 3.08 301 297 0.58; 0.85; 0.31,
time (s) +0.12 +012% +0.14% © <000MO06L 0000120 0110007015  0.04(0.01,0.07)
Ttesttime 1039 9.92  9.80 0.74; 0.99; 0.20;
(s) +0.65 +0.64* =+053% & <~000MO059 150616079 011029088  0.09(-0.11;0.35)

Values are Mean+SD (n = 16). ES, effect size; MD, mean difference; 95% Cl, 95% confidence interval. * and * significantly
different from Baseline and TS, respectively. Statistically significant ANOVA P values (partial eta-squared or r;pz) and large effect
sizes are listed in bold.
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maximal 20-meter sprints with a 2-minute walk-back recovery be-
tween each sprint. All tests were performed in a competitive manner,
and the mean of three trials was used for final analysis. An auto-
mated light gate system (SmartSpeed ™, Fusion Sport, Australia) with
0.01 s accuracy was used to record all times.

T-test

The T-test involved arranging four cones in a T-shape, with one cone
positioned 9.14 meter from the starting point and the other two
cones placed 4.57 meter from either side of the second cone [22].
Participants were instructed to sprint 9.14 meter forward from the
starting line to the first cone and touched it with their right hand.
Then, they were required to move 4.57 meter to the left to reach the
second cone and touch it with their left hand, followed by advancing
9.14 meter to the right to reach the third cone and touch it with
their right hand. They then moved 4.57 meter to the left to the
middle cone and touched it with their left hand before running back-
ward to the starting line. The timing began with a sound signal and
ended when the participant passed the timing gate when returning.
If a participant failed to touch the designated cone, or crossed the
legs while moving, or did not face forward throughout the testing
period, the trial was considered unsuccessful. The timing was as-
sessed using the same automated light gate system as for the 20-me-
ter sprint.

Statistical Analysis

Values are expressed as mean = SD and 95% confidence interval
(CI). For all dependent variables, the effect of condition was deter-
mined by a single factor analysis of variance for repeated measures
(Baseline, TS, and CS). Data variance was first assessed using
Mauchly test of sphericity, and a Greenhouse-Geisser correction was
applied when required. Post hoc pairwise comparisons were per-
formed using Bonferroni-adjusted P values. For each analysis of
variance, partial eta-squared (m,?, with n,2 > 0.06 representing
a moderate effect and g2 > 0.14 a /arge effect) were calculated as
measures of effect size. Cohen’s d effect sizes were calculated to
determine meaningful differences, with d < 0.2, d = 0.2- < 0.5,
d = 0.5-0.8 and d > 0.8 representing trivial, small, moderate and
large effect sizes, respectively. To aid interpretation, the dependent
variables were expressed as the percent change (%) from the Base-
line measurements. Statistical significance was set at P < 0.05.

RES U LT S 1500
Participants exhibited increased CMJ height in both TS (+4.1 +5.0%;
P =0.007)and CS (+8.7 £ 7.0%; P < 0.001) compared to Base-
line, with CMJ height being higher in CS than TS (+4.4 +5.4%;
P = 0.008) (Figure 2A; Table 1). Compared to Baseline, CMJ pow-
er output increased after CS (+3.6 +3.1%; P < 0.001), but not
after TS (+0.4 £ 4.1%; P = 0.100). Additionally, CMJ power output
was greater in CS than TS (+3.4 = 4.4%; P = 0.040) (Figure 2B).
Participants exhibited increased CMJ take-off velocity in both TS

132 .

Zhe Wang et al.

(+3.6=3.7%; P = 0.004) and CS (+5.1 £3.8%; P < 0.001)
compared to Baseline, with no significant differences between TS
and CS (+1.5+3.9%; P = 0.425) (Figure 2C). Regarding CMJ
push-off impulse, both TS (+2.8 +£3.1%; P = 0.006) and CS
(+4.2+2.7%; P < 0.001) resulted in improvements compared to
Baseline, with no significant difference between TS and CS
(+1.4+£2.7%; P = 0.128) (Figure 2D).

Both TS (+2.3+£2.5%; P = 0.007) and CS (+3.6 = 2.2%;
P < 0.001) resulted in faster sprint times compared to Baseline,
with also faster sprint times in CSthan TS (+1.3 +1.7%; P = 0.022)
(Figure 3A; Table 1). Faster T-test times were observed after both
TS (+4.5+4.4%; P = 0.003) and CS (+5.5+4.0%; P < 0.001)
compared to Baseline, with no significant difference between TS and
CS (+1.1+3.3%; P = 0.585) (Figure 3B; Table 1).

DISCU'S S 1O /N 15—
Our intention was to compare the effects of two priming exercise
protocols using low-volume back squats, with either a TS or CS
configuration, on explosive performance after six hours of rest. Tak-
en together, and in agreement with our hypothesis, a morning prim-
ing exercise improved jumping, sprinting, and agility performance in
the afternoon. However, the CS configuration, with 30 seconds of
rest between repetitions, was a better strategy to maximize neuro-
muscular performance compared to the TS arrangement, which had
no rest within the sets.

A major finding of our study was the superior jumping and sprint-
ing performance observed with the CS protocol. Arguably, the rest
intervals incorporated in the CS configuration may have contributed
to a better potentiation/fatigue balance [15], thus enabling greater
performance benefits later in the day. This suggestion is consistent
with previous research on post-activation performance enhancement,
which has shown that CS with heavy loads (> 85% 1RM) results in
better performance compared to TS arrangements [20, 23]. It is
noteworthy that in these studies, performance evaluation was limit-
ed to only a few minutes after the intervention. For instance, Nick-
erson et al. [20] showed a significantly greater post-activation per-
formance enhancement effect in the 20-meter sprint induced by CS
compared to TS. From a neuromuscular perspective, high-frequen-
cy motor neuron activation, mechanical stiffness, and contractile
properties are potential mechanisms for performance facilitation in
the minutes after the intervention [24]. However, there is still un-
certainty regarding the role of the neuromuscular system in priming
that occurs six hours before performance assessment [7].

Another key finding was that CMJ peak power improved only in
CS. Both TS and CS protocols also resulted in enhancements in CMJ
height, take-off velocity, and push-off impulse six hours after the prim-
ing exercise. Additionally, participants sprinted faster following prim-
ing exercise protocols. These observations are consistent with sever-
al studies showing that high-intensity, low-volume priming exercise
can induce positive effects for CMJ and/or 40-meter sprint perfor-
mance due to enhanced neuromuscular efficacy [5, 6, 25, 26]. For
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example, semi-professional rugby players who engaged in priming ex-
ercise with an intensity ranging from 80-100% 1RM showed im-
provements in 3RM bench press, 3RM back squat, and CMJ peak
power, as well as a decrease in 40-meter sprint time [5]. In our study,
both TS and CS protocols led to comparable benefits (i.e., 4.5% vs.
5.5%, respectively) for agility performance relative to baseline. How-
ever, no previous studies were found that compared the afternoon per-
formance changes induced by morning CS and TS priming exercises,
limiting potential comparisons with the literature. Agility is largely de-
termined by strength and power production capabilities [271, which
probably explains why the improved T-test times were consistent with
beneficial changes in CMJ and 20-meter sprint performance.

In this study, most athletes showed a positive response to mod-
erate exercise volumes, while others did not. This raises the ques-
tion of what the minimum effective dose should be for each athlete
to achieve significant performance gains. It is argued that when heavy
loads (= 80% 1RM) are used, an appropriate exercise volume
(reps x sets X % 1RM) is necessary to induce beneficial effects [71.
In our study, both conditions had a total exercise volume of 765 a.u,
with the same number of repetitions performed. This falls within the
recommended dose range of 760-1190 a.u [7]. However, visual ex-
amination of Figures 2 and 3 indicates a wide range of inter-individ-
ual responses, which may be partly attributed to methodological fac-
tors. Firstly, the chronotype of participating athletes was not assessed,
nor were their workout preferences in terms of their habitual pre-
competition strategies (i.e., exercise selection and resistance load-
ing methods) monitored. Secondly, the athletes tested may have been
at different stages of their training cycles, ranging from periods of de-
training and rest to their peak competitive state. This variation in
training could have influenced their physical and mental approach
to the testing process.

There are several methodological and logistical aspects that need
to be emphasized. While the two different priming sessions were ran-
domized, a primary limitation of this study is the lack of randomiza-
tion regarding the order in which participants completed experimen-
tal protocols and baseline testing. Additionally, neurophysiological
variables such as surface EMG indicators, as well as hormonal vari-
ables such as testosterone concentration, were not measured. Pre-
viously, both serum testosterone and cortisol levels were elevated six
hours after a morning-based strength exercise session [5]. Howev-
er, it remains to be investigated whether the morning CS workout
condition resulted in higher blood testosterone levels later in the day
compared to using TS arrangements.

An additional consideration is the assessment of athletes in the
afternoon at a single time point. However, delayed performance
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benefits have been observed after various priming exercises per-
formed up to 48 hours beforehand [1, 4, 7, 26]. Therefore, future
studies should investigate the effects of our priming exercise proto-
cols at different time points to determine the optimal recovery time
for prescribing priming exercise. While there is growing interest in
CS paradigms, it is still uncertain which method of CS application is
more effective in enhancing neuromuscular performance. This in-
cludes the manipulation of rest periods between clusters of repeti-
tions, as done in our study, or after each individual repetition with-
in a set [15]. Investigation into different CS configurations could add
further value for researchers and practitioners alike.

Practical applications

The maijority of the sixty-nine practitioners (~84%) surveyed by
Harrison et al. [2] believed that priming exercise in high performance
sport is beneficial for enhancing performance. Our study results sup-
port this idea and add that including a barbell back squats session
utilizing a CS configuration (30-second interval between repetitions,
4-minute interval between sets) six hours prior to testing can be an
effective ergogenic strategy for improving explosive performance com-
pared to a no morning exercise condition. The cost of using a CS
configuration is negligible, especially considering performance im-
provements observed herein, and the fact that it only adds a few
extra minutes to the completion time. When competitions are sched-
uled in the afternoon, strength and conditioning coaches could there-
fore prescribe a high-load, low-volume squat-based priming exercise
(85% 1RM, three sets of three repetitions) in the morning to enhance
jumping, sprinting, and agility in the afternoon.

CONCLU SIOIN S 100000
The effects of two morning priming exercise protocols, both involving
low-volume back squats, on explosive performance after six hours
of rest were compared: one with a TS (nor rest between repetitions)
configuration and the other with a CS (30 seconds of rest between
repetitions) configuration. Compared to TS, employing a CS configu-
ration further enhances performance benefits later in the day, result-
ing in improvements of 1-4.5%.
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