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Abstract: The purpose of this study was to investigate whether a dynamic warm-up either with
weighted vests (WVs) or with resistance bands (RBs) may enhance the physical fitness and combat
ability of kumite karate athletes. Nine male athletes (age range from 16 to 30 years), participated
in this study. Athletes followed three different warm-up programs in a randomized order: (a) with
their body mass only (C), (b) with a WV of 10% load of their body mass and (c) with a wearable
RB of 10% tension of their body mass. Following the warm-up, athletes performed the following
tests: countermovement jump (CMJ), standing long jump (LJ), punch and kick reaction time, bench
press throws, T-Half test and the kick frequency test. CMJ remained unaltered following the WV
and RB warm-up compared to the C. Standing long jump increased significantly following the RB
warm-up compared to the C (2.2 ± 1.7%, p = 0.011). Punch reaction time was significantly shortened
following the RB warm-up compared to C (−7.3 ± 5.9%, p = 0.019). No changes were observed for
kick reaction time, bench press throws or the T-Half test. The kick decrement index, measured from
the kick frequency test, was significantly decreased following the RB warm-up compared to the C
(33.1 ± 20.2%, p = 0.011). These results suggest that an RB warm-up may significantly enhance the
physical fitness and combat ability in kumite karate athletes.

Keywords: kumite; post-activation performance enhancement; combat ability; reaction time

1. Introduction

Karate is a full-contact combat sport that is divided into kata and kumite. Kata
consists of several pre-arranged fighting techniques including offensive and defensive
actions with an imaginary opponent where technique, rhythm, power, movement flow
and kime (holding a powerful position at the end of each technique) are the key criteria
for achieving a successful performance [1]. On the other hand, kumite refers to the actual
combat between two opponents who, under specific rules, are allowed to use punching
and kicking techniques in an attempt to earn points and win the combat [1]. The present
study focuses on kumite karate athletes. Kumite is considered to be a high-intensity combat
sport, where the aerobic metabolic system provides the majority of the energy contribution
during a competition in addition to the ATP-PCr system, which is also a substantial energy
provider during fast offensive and defensive muscle actions [2]. Considering that the
duration of a punch and a kick ranges between 0.123 and 0.150 s and 0.177 and 0.293 s,
respectively [2,3], it is obvious that kumite athletes need to apply their force rapidly, having
a high reaction time during offensive and defensive actions and being able to endure the
total duration of combat (3 min) at high intensities. Although long-term training may
enhance the physical fitness and combat ability of kumite athletes [4,5], coaches may use
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various warm-up strategies before entering a competition, which may acutely enhance
kumite performance.

Warm-up is a training strategy that is applied before training and official competitions,
aiming to prepare the athlete for the demanding and high-intensity muscle actions that the
sport requires [6]. The warm-up induces several physiological changes, such as an increase
in muscle temperature, an increase in blood flow at the periphery, and subsequently, an
increase in muscle fiber performance [6,7], mainly due to the presence of the post-activation
performance enhancement (PAPE) phenomenon [8,9]. PAPE is a short-lived phenomenon
that may acutely enhance athletic performance by increasing the phosphorylation of myosin
light chains in the sarcomeres, thus increasing the recruitment of higher threshold motor
units and possibly the modification of the fascicle angle of the recruited muscles [10]. These
positive effects of a warm-up may lead to a significant increase in performance in several
sports [11,12]. As a training strategy, the warm-up may be separated into the following
two parts: a general and a specific warm-up. The general warm-up includes low-intensity
exercises such as running and static stretching, aiming to increase muscle temperature,
flexibility, blood flow and the general readiness of the athlete. On the contrary, the specific
warm-up aims to progressively increase the warm-up intensity by adding dynamic stretch-
ing and high-intensity sport-specific exercises [13]. However, the effect of a warm-up on
the physical fitness and combat ability of kumite athletes remains largely unclear.

During the past few decades, the warm-up with an external resistance load has been
a popular training strategy for several sports [14–16]. External loads such as weighted
vests and resistance bands have been used to acutely increase athletic performance. More
specifically, a study on eight elite badminton players examined the effect of a warm-up
without an extra load and with 5 and 10% loads of their body mass with weighted vests
on the athletes’ vertical jump and ability to change direction. The study showed that the
warm-up with weighted vests significantly enhanced their ability to change direction but
not their vertical jump compared to the unloaded condition [17]. In line with these results,
a study of 19 male soccer players examined the effects of an unloaded warm-up and three
different loads of weighted vests including 5, 10 and 15% of their body mass on repeated
sprint ability immediately (15 s), 5 and 8 min following the warm-up. The study showed
that all three loaded conditions enhanced their repeated change of direction ability [18].
However, a study on 16 high-school football players explored a standard warm-up with
body mass and a weighted vest of 5% of the individual players’ body mass. The results
of the study showed no significant difference in lower body power output between the
weighted vest and unloaded condition [19]. However, the effect of a warm-up with a
weighted vest on the physical fitness and combat ability of kumite athletes remains unclear.

In contrast to weighted vests, several studies have focused on the effects of a warm-up
with resistance bands. A study on 16 martial arts athletes (from kickboxing and taekwondo)
investigated the effects of a warm-up session with either a resistance band or an unloaded
condition. The study showed that kicking velocity during the roundhouse kick increased
by 3.3% after the resistance band warm-up, with concomitant increases in muscle activation
of the vastus medialis and rectus femoris muscles [20]. In addition, a study on 11 male judo
athletes investigated the effects of a warm-up including upper and lower body resistance
bands and broad jumps, a warm-up including lower body broad jumps and an unloaded
warm-up before measuring the athletes’ performance in the special judo fitness test and a
high pull. Upper and lower body warm-ups with resistance bands and broad jumps led to
a significant increase in power and the number of throws made during the specific judo
fitness test compared to the unloaded condition [21]. Although both weighted vests and
resistance bands have been used in previous studies, the effects of warm-ups with either
a weighted vest or a resistance band on the physical fitness and combat ability of kumite
athletes remain unexplored.

Therefore, the aim of this study was to investigate the effects of a warm-up with
weighted vests and a warm-up with resistance bands on the physical fitness and combat
ability of kumite karate athletes. The hypothesis of this study was that both loaded warm-
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up strategies would induce significantly higher physical fitness and combat ability increases
compared with a warm-up only with body mass.

2. Materials and Methods
2.1. Experimental Design

The effect of a warm-up with either weighted vests or resistance bands on the physical
fitness and combat ability of kumite karate athletes remains unclear. Nine well-trained
kumite athletes followed three different warm-up conditions as follows: (a) with their
body mass only (control, C), (b) with a weighted vest (WV) loaded with 10% of their
individual body mass and (c) with a wearable resistance band (RB) at 10% tension of
their individual body mass. All athletes underwent all three conditions randomly. Before
the warm-up conditions, the athletes visited the laboratory for an evaluation of their
anthropometric characteristics, while on a different day, they visited the karate dojo for a
familiarization session including the warm-up routines and the performance measurements.
Then, during a 3-day period separated by 96 h, the athletes followed the three different
warm-up conditions. Differences among the three conditions were statistically compared.

2.2. Participants

Eleven male kumite karate athletes participated in this study. Two of them withdrew
from the experimental procedures for reasons unrelated to this study. Consequently, 9 male
kumite karate athletes [age: 19.3 ± 5.1 years (age range from 16 to 30 years); body mass:
69.3 ± 12.0 kg; body height: 1.73 ± 0.05 m] with 11.0 ± 4.5 years of competitive experience
participated in this study. All the athletes were members of the National karate team and
among the top three in their individual body mass category in the Nation, while seven
of them had earned podium honors in international Small States competitions. Three of
them won 2nd, 5th and 9th place during the last European championship, while one of
the athletes won 2nd place during the last Mediterranean games. Athletes were informed
about the experimental procedures and signed an informed consent form. For athletes
under the age of 18, parental consent was obtained. Before entering this study, athletes
fulfilled the following criteria: absence of any cardiovascular issue or muscle injury, training
on a regular basis (>8 training sessions per week) and competition in the last National
championship. In addition, if an athlete consumed energy supplements (i.e., caffeine),
had an injury, performed vigorous exercise the day before measurements or had not eaten
properly at least 3 h before entering the measurements, then he was excluded from this
study. All procedures were in accordance with the 1975 Declaration of Helsinki as revised
in 2000 and were approved by the National Ethics Committee of Cyprus (project number:
EEBK/EΠ/2022/78).

2.3. Warm-Up Conditions

All warm-up conditions were performed in the same karate dojo for all athletes during
noon hours (between 13:00 and 16:00 h) at an ambient temperature of 26 ◦C. All measure-
ments were performed following the European championship and a local competition;
consequently, measurements were performed during the competition training phase. The
athletes followed all three warm-up conditions in a randomized order. The warm-up
program was designed with a progressive increase in intensity and separated into the
following 2 levels: the 1st level (general warm-up) included low-intensity running and
static stretching as well as dynamic exercises for the whole body with moderate intensity,
and the 2nd level (specific warm-up) included ballistic exercises and basic kumite tech-
niques at high intensity. The warm-up exercises were the same for all three conditions.
The actual warm-up protocol is presented in Table 1. The warm-up had a duration of
approximately 12 min. At the end of the warm-up, an 8-min rest period was allowed
for athletes since previous studies have shown that 8 min is a sufficient period of time to
enhance performance following a loaded warm-up in athletes [10,18]. At the end of the
8 min of rest, the athletes provided their personal rate of perceived exertion (RPE) on a
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scale of 6–20. Athletes performed the warm-up either with their own body mass (C), with a
WV with an additional loading of 10% of their individual body mass or with a wearable
RB, where the bands were fixed to provide a tension equal to 10% of their body mass. In
order to measure the tension of the bands, we performed a measurement on the resistance
bands using a tension sensor (Applied Measurements Ltd., DBBE-1000 kg, Aldermaston,
Berkshire, UK). The band was stretched for a total of 30 cm, and the tension was measured
as the force from the sensor for each 1 cm of stretch. Then, the individual resistance tension
for each athlete was calculated, and the two loaded warm-up conditions were equalized.
According to the results from the body composition analysis, we decided to share the 10%
tension from the resistance bands on 3% on their upper body (1.5% on each arm) and 7%
on their lower body (3.5% on each leg).

Table 1. Warm-up program for all three conditions.

General Warm-Up
(Low to Moderate Intensity)

Specific Warm-Up
(Moderate to High Intensity)

Running at a slow pace
(3 min)

Standing running with low
knees

(2 sets × 10 s)

Right front kicks with
outstretched leg

(10 reps)

Kizami-zouki and
kiakou-zouki

(10 reps each side)

15 s rest

Static stretching for upper and
lower body
(10 s hold)

Standing running with high
knees

(2 sets × 10 s)

Left front kicks with
outstretched leg

(10 reps)

Kizami-mawashi geri jodan
(10 reps each side)

15 s rest

Alternate lunches front and
back

(2 sets × 5 reps)

Standing running with heel
kicks

(2 sets × 10 s)

Right side kicks with
outstretched leg

(10 reps)

Kiakou-mawashi geri jodan
(10 reps each side)

15 s rest

Lateral lunches (2 sets × 5
reps)

Jumping jacks
(2 sets × 10 s)

Left side kicks with
outstretched leg

(10 reps)

Kizami-zouki, kiakou-zouki,
Kizami-mawashi geri jodan

(5 reps each side)
15 s rest

Alternate legs back to front
(2 sets × 10 s)

Alternate right and left front
kicks with outstretched leg

(10 reps)

Kizami-zouki, kiakou-zouki,
Kiakou-mawashi geri jodan

(5 reps each side)
15 s rest

Alternate right and left side
kicks with outstretched leg

(10 reps)

Tuck jumps
(10 reps)

All kumite techniques were performed with maximum intensity.

2.4. Body Composition Analysis and Familiarization Session

During the first day of this study, the athletes visited the laboratory for the evalua-
tion of their anthropometric characteristics and body composition. Measurements were
performed during the morning hours, and the athletes were instructed to fast for approxi-
mately 8 h and abstain from any strenuous exercise during the previous day [22]. The body
composition analysis was performed on a bioelectrical impedance scale (Tanita MC-780MA,
Tokyo, Japan), and included the evaluation of fat-free mass and percentage body fat. Briefly,
the body height of the athletes was initially measured with a measuring tape, which was
positioned on the laboratory wall. Then, the athletes stepped on the bioelectrical impedance
scale with light clothing and without shoes or socks and stood still for approximately 45 s.
The intra-class correlation coefficient (ICC) for body mass, percentage body fat and fat-free
mass were: 0.998 (95% CI: lower = 0.998, upper = 0.999), 0.990 (95% CI: lower = 0.982,
upper = 0.995) and 0.965 (95% CI: lower = 0.958, upper = 0.987), respectively.

During the second day of this study, the athletes visited the karate dojo for the famil-
iarization session including the warm-up procedure and the performance measurements.
Athletes performed the warm-up condition with lower intensity and familiarized them-
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selves with all the performance measurements. In addition, at the end of the familiarization
session, the one repetition maximum strength (1-RM) test in the bench press was performed.
More specifically, 1-RM strength was measured on a Smith machine while a full range
of motion was used, with the barbell lowered until the chest and back up. The athletes
performed multiple sets with an empty barbell and then performed 8 repetitions at 50%
of the predicted 1-RM. Subsequently, the athletes performed 6, 4 and 2 repetitions at 70,
80 and 90% of their predicted 1-RM, respectively. Thereafter, the athletes had 3 attempts
for the determination of 1-RM strength with 3 min of rest between attempts [23]. During
all repetitions, the athletes were instructed to lift the loads with maximum velocity during
the concentric phase of movement, regardless of the actual movement velocity [24]. The
ICCs for 1-RM strength in the bench press was 0.966 (95% CI: lower = 0.914, upper = 0.985).
Following the 1-RM strength test, the athletes performed a familiarization bench press
throw test, which included 4 sets of 5 repetitions/throws at 30% of 1-RM.

2.5. Countermovement Jumps

The evaluation of the CMJ with arms akimbo was performed first following the warm-
up conditions (OptoJump Next, Microgate, Bolzano, Italy). Briefly, 8 min after the end of
each warm-up condition, 3 maximum CMJs were performed with arms akimbo. During
the CMJs, the athletes were instructed to jump as high as possible, and 30 s of rest was
allowed between jumps. Following each jumping trial, the researchers informed the athletes
about the jumping height in order to motivate them to expend greater effort. The mean
performance of all CMJs was used for the statistical analysis. From each CMJ, the jumping
height, power and power relative to body mass were evaluated. The ICC for CMJ height,
power and power per body mass were 0.989 (95% CI: lower = 0.957, upper = 0.997), 0.980
(95% CI: lower = 0.985, upper = 0.990), and 0.981 (95% CI: lower = 0.978, upper = 0.991),
respectively. Following the CMJ with arms akimbo, the CMJ with arm swing (CMJas) was
performed. Similarly, 3 maximum attempts were allowed with 30 s of rest. Similar to
CMJs, the athletes had the same instructions as to jump as high as possible, and they were
given feedback regarding the jumping height of each jump. The mean value of all three
CMJas was used for the statistical analysis. The ICC for CMJas height was 0.92 (95% CI,
upper = 0.98, lower = 0.89).

2.6. Standing Long Jump

One minute after the CMJas, the standing long jump was performed. Briefly, the
athletes placed their toes at the beginning of the measuring tape in front of a mattress in an
attempt to push with their lower body and jump with arm swing as long as possible [5].
The distance of each long jump was measured to the nearest centimeter from the take-off
point to the mark where the heels landed on the mattress. In addition, marks were placed
on the mattress in order to motivate the athletes to jump even further. Three maximum
standing long jumps were performed with 30 s of rest between attempts. The mean value
of all standing long jump attempts was used for the statistical analysis. The ICC for the
standing long jump was 0.961 (95% CI: lower = 0.884, upper = 0.987).

2.7. Punch and Kick Reaction Time

Two minutes after the standing long jump test, the athletes performed the reaction
time test. Reaction time was evaluated with the blazepod system (Blazepod, Miami, FL,
USA). Punches were first evaluated with the kiakou-zouki technique and afterward, kicks
followed with the kiakou-mawashi geri technique. For punches, one pod was placed on a
stand bag at a height equal to the height of the center of the sternum of each athlete, while
for kicks, the pod was placed on the side of the stand bag equal to the lower ribs of each
athlete. The athletes were placed at a self-selected distance from the stand bag which was
measured as the distance between the front foot and the stand bag base for both punches
and kicks. The same distance was used following all warm-up conditions. The athletes
were instructed to maintain their technique constant during all hits. Then, the athletes
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had 5 attempts to hit the pod as fast as possible. Only a red visual signal was given to
the athletes by the pod, while the first attempt was deleted from the analysis because the
pod light turned on automatically at the beginning of the test. The pod was set to light up
randomly between 3 and 7 s for the following 4 attempts. During all attempts, the athletes
were vocally informed about the reaction time and encouraged to be faster. The mean value
of the 4 attempts for both the punches and kicks was used in the statistical analysis. The
ICC for the reaction time test was 0.965 (95%CI: lower = 0.940 upper = 0.995).

2.8. Bench Press Throws

Immediately after the end of the reaction time test, the athletes performed bench
press throws with 30% of their individual 1-RM [25,26]. The athletes laid on the bench
of the Smith machine and lowered the barbell to their chest where the load was placed
on the machine breaks. Then, the athletes were instructed to throw the barbell as high as
possible. One researcher was present to catch the barbell at the highest point [26]. Only
concentric muscle action was allowed and was measured via a linear encoder (Vitruve
encoder, Vitruve fit, Madrid, Spain). The athletes performed 3 maximum bench press
throws with 10 s of rest between throws. After each throw, the athletes were informed
about the mean propulsive velocity and encouraged to throw the barbell even faster. The
mean value of all three bench press throw attempts was used in the statistical analysis,
whilst the mean propulsive velocity, the peak velocity and power were measured from
the linear encoder. The ICC for the bench press throw was 0.850 (95%CI: lower = 0.755,
upper = 0.912).

2.9. T-Half Agility Test

One minute after the bench press throws, the athletes performed the T-Half test [27].
The athletes had 2 maximal attempts with 2 min of rest. One photocell gate (Witty, Mi-
crogate, Bolzano, Italy) was positioned at the starting line approximately 1 m above the
ground and 3 m apart, while the athletes initiated their sprinting effort 0.4 m behind the
starting line. For an athlete who failed to maintain a facing forward position, crossed his
feet or failed to touch a cone during an attempt, then, this attempt immediately stopped,
and the athlete was given an extra attempt. The mean time-trial performance from both
attempts was used for the statistical analysis. The ICC for the T-Half test was 0.94 (95% CI:
lower = 0.82, upper = 0.96).

2.10. Frequency Kick Test

Two minutes following the T-Half test, the athletes performed the frequency kick test
on a stand bag. The frequency kick test included repeated kicks with alternating legs using
the kiakou-mawashi geri technique. The athletes performed repeated kicks for 5 sets of
10 s with 10 s of rest between sets (1:1 exercise-to-rest ratio). During the test, the athletes
tried to accomplish as many kicks as possible [28]. The height of the kicks on the stand bag
was individualized according to the height of each athlete. More specifically, an electronic
Taekwondo chest protector was placed on the stand bag equally to the chest height of each
athlete. The athletes were instructed to kick at the sides of the chest protector in order
to measure the hit. From the frequency kick test, the number of kicks during all sets, the
maximum number of kicks during one set and the kick decrement index (KDI) [29] were
measured. The ICC for the frequency kick test was ICC = 0.854 (95%CI: lower = 0.785
upper = 0.958).

2.11. Statistical Analysis

All data are presented as mean ± SD and were normally distributed according to the
Shapiro–Wilk test. A post hoc sample power analysis showed a power of 0.723 for the
total number of athletes in all three groups [30]. A 3-way repeated measures analysis of
variance was used to examine differences between the C, WV and RB warm-up conditions.
Eta squared (η2) was calculated as the effect size for the comparison between conditions. A
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Bonferroni adjustment was used to compare the main effects between the three warm-up
conditions. Hedge’s g effect size was also calculated for the comparison between pairs
of conditions with the following criteria used to infer the magnitude of the difference:
<0.2 (trivial), 0.2–0.5 (small), 0.5–0.8 (moderate) and >0.8 (large) [31]. The reliability of
all measurements was determined with a 2-way random effect intra-class correlation
coefficient and confidence intervals. Significance was set at p ≤ 0.05.

3. Results

All athletes completed the experimental procedures without experiencing any injuries.
The results from the RPE evaluation showed significant differences among the conditions
(p = 0.001, η2 = 0.889). More specifically, a significant difference was found between the
WV and C (WV: 12.1 ± 1.36 vs. C: 9.4 ± 1.8, p = 0.004, g = 1.207) and between the RB and C
(RB: 12.6 ± 1.3 vs. C: 9.4 ± 1.8, p = 0.004, g = 1.420). No difference was found between the
WV and RB for RPE (p = 0.998, g = 0.239). The body composition analysis showed that the
athletes had 57.0 ± 8.0 kg of fat-free mass and 14.9 ± 1.8% of body fat. Table 2 presents the
results from the CMJ, the CMJas and the standing long jump following all three warm-up
conditions. No significant differences were found in the CMJ and the CMJas among the
three warm-up conditions. However, the RB warm-up induced greater increases in the
standing long jump compared to the C (2.2 ± 1.7%, p = 0.011, g = 0.200) but not compared
to the WV (1.4 ± 2.7%, p = 0.416, g = 0.134). No significant difference was found between
the WV and C for the standing long jump (0.8 ± 1.9%, p = 0.799, g = 0.070).

Table 2. Results from the countermovement jump and the long jump.

C WV RB p η2

CMJ height (cm) 39.3 ± 5.9 40.4 ± 6.3 39.5 ± 5.8 0.425 0.217
CMJ power (w) 3419.7 ± 802.2 3476.8 ± 797.0 3432.1 ± 785.8 0.425 0.217

CMJ power relative to body mass
(w·kg−1) 48.9 ± 4.6 49.8 ± 4.9 49.2 ± 4.3 0.418 0.221

CMJas height (cm) 46.7 ± 6.0 46.8 ± 6.9 46.9 ± 7.2 0.928 0.021
Standing long jump (m) 2.26 ± 0.17 2.28 ± 0.17 2.32 ± 0.18 * 0.016 0.693

* p < 0.05 compared with C, CMJ = countermovement jump, CMJas = countermovement jump with arm swing,
C = control, WV = weighted vest, RB = resistance band.

The punch reaction time remained unchanged for the right punch (p = 0.207, η2 = 0.362).
More specifically, no significant differences were observed between the WV and C (−3.7 ± 5.9%,
p = 0.233, g = 0.278), the RB and C (−3.4 ± 6.2%, p = 0.411, g = 0.181) or between the WV and
RB (0.5 ± 6.0%, p = 0.987, g = 0.054) (Figure 1A). However, significant differences were found
(p = 0.008, η2 = 0.750) in the left punch reaction time between the RB and C (−7.3 ± 5.9%,
p = 0.019, g = 0.450) and almost between the RB and WV (−5.3 ± 5.7%, p = 0.058, g = 0.313).
No difference was observed between the WV and C (−1.8 ± 7.9%, p = 0.981, g = 0.118)
(Figure 1B). Furthermore, no significant differences were found (p = 0.253, η2 = 0.325) in the
right kick reaction time between the WV and C (−0.6 ± 3.9%, p = 0.985, g = 0.071), between
the RB and C (−1.8 ± 3.2%, p = 0.386, g = 0.146) or between the WV and RB (1.3 ± 3.0%,
p = 0.792, g = 0.097). Similarly, no significant differences were found (p = 0.093, η2 = 0.492)
in the left kick reaction time between the WV and C (0.1 ± 2.7%, p = 0.999, g = 0.007),
between the RB and C (−1.7 ± 2.1%, p = 0.128, g = 0.140) or between the WV and RB (1.8 ±
2.4%, p = 0.170, g = 0.141).

The 1-RM in bench press showed that the athletes had 66.1 ± 7.4 kg 1-RM strength.
No significant changes were found in the mean propulsive velocity, the peak velocity or
the power during bench press throw between conditions (Table 3). Moreover, performance
in the T-Half test time trial remained unchanged following the three conditions (p = 0.063,
η2 = 0.547). More specifically, no significant differences were found between the WV and C
(−1.8 ± 2.1%, p = 0.105, g = 0.361), between the RB and C (−1.0 ± 3.7%, p = 0.988, g = 0.168)
or between the WV and RB (−0.7 ± 2.4, p = 0.995, g = 0.124).
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Table 3. Results for the mean propulsive velocity, peak velocity and power during the bench
press throw.

C WV RB p η2

MPV (m·s−1) 0.95 ± 0.12 0.94 ± 0.10 0.97 ± 0.08 0.348 0.260
PV (m·s−1) 1.62 ± 0.19 1.59 ± 0.13 1.62 ± 0.11 0.469 0.195
Power (W) 177.4 ± 49.4 177.8 ± 50.2 182.8 ± 50.4 0.325 0.275

MPV = mean propulsive velocity, PV = peak velocity.

The results of the frequency kick test are presented in Table 4. More specifically, no
significant differences were found for the number of kicks during all sets among conditions.
However, a significant difference was found for the KDI (p = 0.011, η2 = 0.722). More
specifically, the RB warm-up induced significantly lower KDI compared to the C (RB: −6.54
± 1.81% vs. C: −10.54 ± 3.8%, p = 0.011, g = 0.963). No significant difference was found
between the WV and C (WV: −8.98 ± 2.33% vs. C: −10.54 ± 3.8%, p = 0.992, g = 0.350) or
between the WV and RB (p = 0.188, g = 0.852), although a large effect size was observed.

Table 4. Results of the frequency kick test.

Sets C WV RB p η2

Set 1 (N) 19.1 ± 1.4 19.4 ± 1.4 19.0 ± 1.3 0.748 0.070
Set 2 (N) 18.4 ± 1.7 18.6 ± 1.3 18.6 ± 1.2 0.769 0.072
Set 3 (N) 16.8 ± 1.5 17.8 ± 1.5 17.8 ± 1.5 0.057 0.594
Set 4 (N) 16.1 ± 1.8 16.8 ± 1.3 17.3 ± 1.1 0.097 0.487
Set 5 (N) 16.2 ± 2.3 15.6 ± 1.7 16.8 ± 1.4 0.145 0.424

Frequency kick test was measured as the number of kicks (N). C = control, WV = weighted vest, RB = resis-
tance band.

4. Discussion

The purpose of the current study was to investigate the effects of a warm-up with
WVs and RBs on the physical fitness and combat ability of kumite karate athletes. The
results of the present study suggest that a warm-up protocol including a wearable RB may
lead to a significant increase in the physical fitness and combat ability of kumite karate
athletes. Therefore, the hypothesis of this study was confirmed mainly for the RB warm-up
condition. Although no significant differences were observed between the WV compared
to the C, the warm-up with the WV maintained the physical fitness and combat ability
similar to the C. Consequently, coaches may choose a warm-up with RBs before training
or competition in an attempt to increase their athlete’s physical fitness and combat ability.
However, weighted vests should not be avoided, and coaches may assess their usefulness
first under training conditions and then in competition.
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A warm-up either with a WV or an RB induced significantly greater RPE values
compared to the C warm-up. Athletes completed the same warm-up protocol but with
higher external loads compared to the C condition. Both the WV and RB had a load equal
to 10% of the individual body mass of each athlete, while no difference was found in RPE
between the WV and RB. A study on judo athletes found lower RPE values following
resistance band warm-up compared to the C, but the resistance band warm-up had lower
training volume compared to the C condition [21]. It is suggested that the warm-up routine
should be less tiring for athletes in order to preserve their energy reserves for training or
for competition [32]. The higher external load from the WV and RB warm-ups may lead
to higher RPE values, and coaches should take this into consideration when they design
warm-up protocols before training or competitions.

The vertical jump performance as measured in the current study with the CMJs
remained unchanged following the WV and RB warm-ups. A possible explanation for
this finding might be the potential insufficient rest period between the end of the warm-
up and the initiation of measurements. However, a previous meta-analysis showed that
athletes may benefit from the positive effects of PAPE approximately 5 to 7 min after
conditioning [10]. Moreover, a study on soccer players showed that 8 min of rest following
the warm-up may induce significant increases in the change of direction performance [18],
while a study on martial arts athletes (kickboxing and taekwondo) showed that 5 to 8 min
of rest following a conditioning activity may increase kick velocity [20]. The athletes who
participated in the current study were among the best in the Nation; consequently, 8 min of
rest might be a sufficient time of rest to reduce fatigue, maintain muscle temperature [7] and
benefit from the PAPE phenomenon. Moreover, a study on elite badminton players found
no significant changes in the CMJ following a WV warm-up [17], which is in line with a
previous study on resistance-trained participants, where a warm-up with four different
WVs with different loads failed to induce significant increases in the CMJ [33]. Moreover,
in the current study, both the WV and RB warm-ups maintained performance in the CMJs
compared to the C. Consequently, coaches may consider using both warm-up conditions
without compromising vertical jump performance.

On the contrary, the standing long jump was significantly increased following the RB
warm-up compared to the C. It has been previously suggested that in combat sports, like
kumite, horizontal movements may be more important compared to vertical movements [5].
During a kumite combat, athletes perform various front, backward, and side movements
in an attempt to gain a better fighting position against the opponent. In this sense, a
warm-up with the RB may be a useful training strategy for coaches and athletes prior to
a kumite training or competition. The WV warm-up maintained the standing long jump
performance similar to the C, but no significant difference was found in the RB. A study on
collegiate volleyball players showed that a warm-up with a weighted vest may increase
standing long jump performance; however, that study was performed on female team sport
players [16]. Consequently, when the aim of the warm-up is to increase standing long jump
performance, the RB should be preferred.

An interesting finding of the current study was that the RB significantly shortened
the punching reaction time compared to the C and almost compared to the WV (p = 0.058).
According to the authors’ knowledge, this is the first study that examined the effects of a
loaded warm-up condition on the combat ability (reaction time) [34] of kumite athletes;
consequently, these findings should be interpreted with caution. Reaction time is a key
factor for success in combat sports, especially in kumite, since it shows how fast an athlete
can respond to an external fighting stimulus coming from an opponent [34]. Kumite
includes several rapid techniques that require fast thinking and even faster reaction from
an athlete. Indeed, high-level karate athletes have been shown to have faster reaction
time than their novice counterparts, which underpins the importance of reaction time in
kumite [34]. However, no difference was found in kick reaction time among the conditions,
although a trend was observed for the left kick reaction time (p = 0.093). Coaches may use
both warm-up techniques to maintain lower-body reaction time; however, the RB seems to
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be more effective for upper-body reaction time. Still, the effect of a warm-up on reaction
time in kumite athletes needs further investigation.

No significant changes were found for the variables of the bench press throw test
following the warm-up conditions. One possible explanation for this finding was that
athletes were not performing systematic resistance training. This is evident from the low
1-RM strength exhibited in the measurements of the bench press, which are relatively lower
compared with the findings of a similar study [25]. Generally, martial arts athletes are
trained to move/throw their lower and upper limbs as fast as possible (low-load—fast
movement velocity) during combat. Consequently, moving higher loads even with 30%
of 1-RM may be a higher loading condition, especially for the upper body. In addition,
no significant differences were found in the T-Half test, although a trend was observed
between conditions (p = 0.063), with the WV tending to enhance more the change of
direction compared to the C. In contrast, a study on soccer players found that a warm-up
with weighted vests ranging from 5 to 10 to 15% of body mass, may equally increase the
change in direction in a 20 m repeated sprint test [18]. However, in our study, the modified
T-Half test was used [27], which is more suitable for combat athletes. Coaches may consider
using both a WV and an RB during warm-up for maintaining and perhaps enhancing
change in direction.

One of the main findings of this study was that the RB induced a significant enhance-
ment in the KDI compared to the C and almost compared to the WV (g = 0.852). This is the
first study to suggest that the KDI may be enhanced following an RB warm-up in kumite
karate athletes; consequently, more research is required to reach certain conclusions. The
frequency kick test is a high-intensity performance test that mainly involves the lower
body, whilst it is also a good assessment test for the evaluation of the athlete’s anaerobic
capacity [29]. When the athletes performed the RB warm-up condition, the resistance
tension was placed directly on the upper and lower limbs, while during the WV warm-up,
the resistance load was placed on the center of the body mass, creating a total body hyper-
gravity condition [35]. It could be hypothesized that the combat ability, as measured here
with the reaction time and the KDI, may be enhanced through the RB due to the loading
place of the wearable bands on the athletes’ lower and upper limbs, which might induce a
loading specificity. Although this hypothesis seems logical, it needs further investigation.

The current study has some limitations. A constant loading of 10% of individual
body mass was applied in both the WV and RB conditions. More studies, with different
loading conditions in karate athletes are required. The small sample size may limit the
generalization of the results. The absence of electromyography evaluation and muscle
temperature measurement following the warm-up protocols may have provided useful
insights into the nature of the results. In addition, the inclusion of only male kumite athletes
may limit the generalization of the results in female kumite athletes. Future studies should
focus on female kumite athletes and on the role of warm-up on physical fitness and combat
ability. However, the participants of this study were well-trained athletes with national
and international distinctions. Moreover, the mean value of all measurements was used
in the statistical analysis in order to obtain a better view of the neuromuscular status of
the athletes following the warm-up conditions [36]. These positive effects of the warm-up
either with the WV or with the RB have a certain duration that remains to be elucidated.

5. Conclusions

In conclusion, an RB warm-up with a resistance tension equal to 10% of the body mass
may lead to a significant increase in the standing long jump, shortened punch reaction
time and reduced KDI compared to a warm-up with body mass. A warm-up with the
WV may contribute to maintaining the physical fitness of kumite athletes; however, T-
Half test performance might be enhanced. From a practical point of view, the warm-
up protocol used in the current study significantly enhanced the physical fitness of the
athletes. Thus, regardless of the external loading conditions, coaches may use the particular
warm-up program as a guide for preparing kumite karate athletes before training and
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competitions. Coaches and athletes may use the RB warm-up to enhance their physical
fitness and combat ability. Likewise, the warm-up with a WV maintained performance
and perhaps may induce increases in change of direction. However, coaches should be
aware that the application of a wearable RB or WV should first be performed under
training conditions and then during official competitions. Both loading warm-up programs
will induce significantly higher metabolic demands, and this should be monitored under
training conditions. Wearable RBs and WVs are easy to apply, and coaches may try various
loading conditions in an attempt to increase kumite performance.
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4. Nowakowska, M.; Zatoń, M.; Wierzbicka-Damska, I. Effects of plyometric training on lower and upper extremity power in karate

practitioners. J. Combat Sports Martial Arts 2017, 8, 89–93. [CrossRef]
5. Ioannides, C.; Apostolidis, A.; Hadjicharalambous, M.; Zaras, N. Effect of a 6-week plyometric training on power, muscle strength,

and rate of force development in young competitive karate athletes. J. Phys. Educ. Sport 2020, 20, 1740–1746. [CrossRef]
6. Bishop, D. Warm up I: Potential mechanisms and the effects of passive warm up on exercise performance. Sports Med. 2003, 33,

439–454. [CrossRef]
7. McGowan, C.J.; Pyne, D.B.; Thompson, K.G.; Rattray, B. Warm-up strategies for sport and exercise: Mechanisms and applications.

Sports Med. 2015, 45, 1523–1546. [CrossRef]
8. Boullosa, D. Post-Activation Performance Enhancement Strategies IN SPORT: A Brief Review for Practitioners. Hum. Mov. 2021,

22, 101–109. [CrossRef]
9. Wilson, J.M.; Duncan, N.M.; Marin, P.J.; Brown, L.E.; Loenneke, J.P.; Wilson, S.M.C.; Jo, E.; Lowery, R.P.; Ugrinowitsch, C.

Meta-Analysis of Postactivation Potentiation and Power. J. Strength Cond. Res. 2012, 27, 854–859. [CrossRef]
10. Tillin, N.A.; Bishop, D. Factors modulating post-activation potentiation and its effects on performance of subsequent explosive

activities. Sports Med. 2009, 39, 147–166. [CrossRef]
11. Fradkin, A.J.; Zazryn, T.R.; Smoliga, J.M. Effects of warming-up n physical performance: A systematic review with meta-analysis.

J. Strength Cond. Res. 2010, 24, 140–148. [CrossRef] [PubMed]
12. Silva, L.M.; Neiva, H.P.; Marques, M.C.; Izquierdo, M.; Marinho, D.A. Effects of warm-up, post-warm-up, and re-warm-up

strategies on explosive efforts in team sports: A systematic review. Sports Med. 2018, 48, 2285–2299. [CrossRef] [PubMed]
13. Faigenbaum, A.D. Dynamic warm-up. In NSCA’s Guide to Program Design; Hofman, J.R., Ed.; Human Kinetics: Champaign, IL,

USA, 2012; pp. 51–70.
14. Barnes, K.R.; Hopkins, W.G.; McGuigan, M.R.; Kilding, A.E. Warm-up with a weighted vest improves running performance via

leg stiffness and running economy. J. Sci. Med. Sport 2015, 18, 103–108. [CrossRef] [PubMed]
15. Buttifant, D.; Hrysomallis, C. Effect of various practical warm-up protocols on acute lower-body power. J. Strength Cond. Res.

2015, 29, 656–660. [CrossRef] [PubMed]

https://doi.org/10.1007/BF03262297
https://www.ncbi.nlm.nih.gov/pubmed/22901041
https://doi.org/10.1016/j.scispo.2015.03.002
https://doi.org/10.1080/10671315.1976.10616718
https://doi.org/10.5604/01.3001.0010.8674
https://doi.org/10.7752/jpes.2020.04236
https://doi.org/10.2165/00007256-200333060-00005
https://doi.org/10.1007/s40279-015-0376-x
https://doi.org/10.5114/hm.2021.103280
https://doi.org/10.1519/JSC.0b013e31825c2bdb
https://doi.org/10.2165/00007256-200939020-00004
https://doi.org/10.1519/JSC.0b013e3181c643a0
https://www.ncbi.nlm.nih.gov/pubmed/19996770
https://doi.org/10.1007/s40279-018-0958-5
https://www.ncbi.nlm.nih.gov/pubmed/29968230
https://doi.org/10.1016/j.jsams.2013.12.005
https://www.ncbi.nlm.nih.gov/pubmed/24462560
https://doi.org/10.1519/JSC.0000000000000690
https://www.ncbi.nlm.nih.gov/pubmed/25226313


Sports 2024, 12, 79 12 of 12

16. Faigenbaum, A.D.; McFarland, J.E.; Schwerdtman, J.A.; Ratamess, N.A.; Kang, J.; Hoffman, J.R. Dynamic warm-up protocols,
with and without a weighted vest, and fitness performance in high school female athletes. J. Athl. Train. 2006, 41, 357. [PubMed]

17. Maloney, S.J.; Turner, A.N.; Miller, S. Acute effects of a loaded warm-up protocol on change of direction speed in professional
badminton players. J. Appl. Biomech. 2014, 30, 637–642. [CrossRef] [PubMed]

18. Turki, O.; Dhahbi, W.; Gueid, S.; Hmaied, S.; Souaifi, M.; Khalifa, R. Dynamic warm-up with a weighted vest: Improvement
of repeated change-of-direction performance in young male soccer players. Int. J. Sports Physiol. Perform. 2020, 15, 196–203.
[CrossRef]

19. Reiman, M.P.; Peintner, A.M.; Boehner, A.L.; Cameron, C.N.; Murphy, J.R.; Carter, J.W. Effects of dynamic warm-up with and
without a weighted vest on lower extremity power performance of high school male athletes. J. Strength Cond. Res. 2010, 24,
3387–3395. [CrossRef]

20. Aandahl, H.S.; Von Heimburg, E.; Van den Tillaar, R. Effect of postactivation potentiation induced by elastic resistance on
kinematics and performance in a roundhouse kick of trained martial arts practitioners. J. Strength Cond. Res. 2018, 32, 990–996.
[CrossRef]

21. Lum, D. Effects of various warm-up protocol on special judo fitness test performance. J. Strength Cond. Res. 2019, 33, 459–465.
[CrossRef]

22. Torres-Luque, G.; Calahorro-Cañada, F.; Lara-Sánchez, A.J.; Garatachea, N.; Nikolaidis, P.T. Body composition using bioelectrical
impedance analysis in elite young soccer players: The effects of age and playing position. Sport Sci. Health 2015, 11, 203–210.
[CrossRef]

23. Zaras, N.; Stasinaki, A.-N.; Spiliopoulou, P.; Mpampoulis, T.; Terzis, G. Triceps brachii muscle architecture, upper-body rate of
force development, and bench press maximum strength of strong and weak trained participants. Hum. Mov. 2023, 24, 121–129.
[CrossRef]

24. Blazevich, A.J.; Wilson, C.J.; Alcaraz, P.E.; Rubio-Arias, J.A. Effects of resistance training movement pattern and velocity on
isometric muscular rate of force development: A systematic review with meta-analysis and meta-regression. Sports Med. 2020, 50,
943–963. [CrossRef]

25. Roschel, H.; Batista, M.; Monteiro, R.; Bertuzzi, R.C.; Barroso, R.; Loturco, I.; Ugrinowitsch, C.; Tricoli, V.; Franchini, E. Association
between neuromuscular tests and kumite performance on the Brazilian Karate National Team. J. Sports Sci. Med. 2009, 8, 20–24.

26. Zaras, N.; Spengos, K.; Methenitis, S.; Papadopoulos, C.; Karampatsos, G.; Georgiadis, G.; Terzis, G. Effects of strength vs.
Ballistic-power training on throwing performance. J. Sports Sci. Med. 2013, 12, 130–137. [PubMed]

27. Sassi, R.H.; Dardouri, W.; Yahmed, M.H.; Gmada, N.; Mahfoudhi, M.E.; Gharbi, Z. Relative and absolute reliability of a modified
agility t-test and its relationship with vertical jump and straight sprint. J. Strength Cond. Res. 2009, 23, 1644–1651. [CrossRef]

28. Silva Santos, J.F.; Herrera-Valenzuela, T.; Ribeiro da Mota, G.; Franchini, E. Influence of half-squat intensity and volume on the
subsequent countermovement jump and frequency speed of kick test performance in taekwondo athletes. Kinesiology 2016, 48,
95–102. [CrossRef]

29. Silva Santos, J.F.; Franchini, E. Frequency speed of kick test performance comparison between female taekwondo athletes of
different competitive levels. J. Strength Cond. Res. 2018, 32, 2934–2938. [CrossRef]

30. Faul, F.; Erdfelder, E.; Lang, A.G.; Buchner, A. G* power 3: A flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav. Res. Methods. 2007, 39, 175–191. [CrossRef]

31. Fritz, C.; Morris, P.; Richler, J. Effect size estimates: Current use, calculations, and interpretation. J. Exp. Psychol. Gen. 2012, 141,
2–18. [CrossRef]

32. Bishop, D. Warm up II: Performance changes following active warm up and how to structure the warm up. Sports Med. 2003, 33,
483–498. [CrossRef] [PubMed]

33. Chattong, C.; Brown, L.E.; Coburn, J.W.; Noffal, G.J. Effect of a dynamic loaded warm-up on vertical jump performance. J.
Strength Cond. Res. 2010, 24, 1751–1754. [CrossRef] [PubMed]

34. Mori, S.; Ohtani, Y.; Imanaka, K. Reaction times and anticipatory skills of karate athletes. Hum. Mov. Sci. 2002, 21, 213–230.
[CrossRef] [PubMed]

35. Bosco, C. Adaptive response of human skeletal muscle to simulated hypergravity condition. Acta. Physiol. Scand. 1985, 124,
507–513. [CrossRef]

36. Gustavo-Claudino, J.; Cronin, J.; Mezêncio, B.; McMaster, D.; McGuigan, M.; Tricolli, V.; Amadio, A.C.; Serrão, J.C. The
countermovement jump to monitor neuromuscular status: A meta-analysis. J. Sci. Med. Sports 2017, 20, 397–402. [CrossRef]

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://www.ncbi.nlm.nih.gov/pubmed/17273458
https://doi.org/10.1123/jab.2014-0048
https://www.ncbi.nlm.nih.gov/pubmed/25011002
https://doi.org/10.1123/ijspp.2018-0800
https://doi.org/10.1519/JSC.0b013e3181f159bd
https://doi.org/10.1519/JSC.0000000000001947
https://doi.org/10.1519/JSC.0000000000001862
https://doi.org/10.1007/s11332-015-0226-0
https://doi.org/10.5114/hm.2023.113714
https://doi.org/10.1007/s40279-019-01239-x
https://www.ncbi.nlm.nih.gov/pubmed/24149736
https://doi.org/10.1519/JSC.0b013e3181b425d2
https://doi.org/10.26582/k.48.1.6
https://doi.org/10.1519/JSC.0000000000002552
https://doi.org/10.3758/BF03193146
https://doi.org/10.1037/a0024338
https://doi.org/10.2165/00007256-200333070-00002
https://www.ncbi.nlm.nih.gov/pubmed/12762825
https://doi.org/10.1519/JSC.0b013e3181ddf665
https://www.ncbi.nlm.nih.gov/pubmed/20512065
https://doi.org/10.1016/S0167-9457(02)00103-3
https://www.ncbi.nlm.nih.gov/pubmed/12167300
https://doi.org/10.1111/j.1748-1716.1985.tb00042.x
https://doi.org/10.1016/j.jsams.2016.08.011

	Introduction 
	Materials and Methods 
	Experimental Design 
	Participants 
	Warm-Up Conditions 
	Body Composition Analysis and Familiarization Session 
	Countermovement Jumps 
	Standing Long Jump 
	Punch and Kick Reaction Time 
	Bench Press Throws 
	T-Half Agility Test 
	Frequency Kick Test 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

