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Abstract

The purpose of this study was to examine the effects of a 6-week
combined power-based resistance training (RT) and short sprint
interval training (SSIT), performed in different sequences
(SSITHRT or RT+SSIT), on the lower-body physical fitness of
male Judo athletes. Twenty-four young male athletes volun-
teered for this study and were randomly assigned to one of three
groups: SSIT+RT, RT+SSIT, or an active control (CON) group,
with eight athletes in each group. The training groups partici-
pated in a 6-week intervention, training three times per week
during the preparatory phase of annual training cycle. Following
the intervention, both the SSIT+RT and RT+SSIT groups
showed significant improvements (p = 0.001) in several perfor-
mance measures including vertical jump (effect size [ES] = 1.58
and 0.85), 20-m linear sprint (ES = -1.22 and -0.53), Agility T-
test (ES = -1.12 and -0.46), maximal strength (ES = 0.15 and
0.21), Specific Judo Fitness Test (SJFT; ES =-0.91 and -0.90),
peak power (ES = 1.74 and 1.18), mean power (ES = 0.98 and
1.11), and cardiorespiratory fitness (ES =1.17 and 1.03). In con-
trast, the CON group did not exhibit any significant changes
post-training. Moreover, the SSIT+RT group demonstrated sig-
nificantly greater improvements compared to the RT+SSIT
group in vertical jump (ES = 0.62, p = 0.024), 20-m linear sprint
(ES =-0.46, p = 0.031), Agility T-test (ES =-0.34, p = 0.016),
and peak power output (ES = 0.79, p = 0.009). Conversely, the
RTHSSIT group showed more pronounced strength gains than
the SSIT+RT group (ES = 0.14, p = 0.007). In conclusion, it is
recommended that incorporating SSIT at the beginning of a
training session is more effective for improving jumping ability,
sprinting speed, change of direction, and peak power output.
Conversely, if the primary goal is to enhance muscular strength,
it is advisable to prioritize RT at the start of the session.

Key words: Strength training, anaerobic power, combat sport,
aerobic capacity.

Introduction

Judo is an intermittent and high-intensity combat sport that
typically lasts for a minimum of 4 minutes (Miarka et al.,
2012). It is characterized by bursts of high-intensity activ-
ity lasting between 15 to 30 seconds, interspersed with
brief pauses of 5 to 10 seconds (Hernandez-Garcia et al.,
2009). In a standard Judo tournament, victorious competi-
tors often engage in 5 to 7 matches within a single day, with
rest intervals ranging from 1 to 15 minutes between bouts,
necessitating excellent physical conditioning (Miarka et
al., 2012). The performance in Judo is significantly influ-

enced by various physical components, including muscular
strength and power, as well as both anaerobic and aerobic
endurance (da Silva et al., 2022). From a metabolic per-
spective, Judo predominantly relies on the aerobic system
(50 - 81%), followed by the ATP-PCr (12 - 40%) and gly-
colytic (6 - 10%) systems (Franchini et al., 2013; 2020).
Despite the substantial aerobic contribution, success in
Judo is primarily determined by the effectiveness of throw-
ing techniques, which demand a high energy output over
very short durations, a function primarily supported by the
ATP-PCr system (Franchini et al., 2013). Consequently, it
is recommended that training programs for Judo athletes
focus on enhancing both aerobic and anaerobic capacities,
along with improving muscular strength and power, as
these elements are vital for executing the brief, high-effort
actions that are essential for success in Judo (da Silva et al.,
2022).

Numerous training strategies and techniques are
employed to achieve the desired physical and metabolic
conditioning for Judo athletes (da Silva et al., 2022; Her-
nandez-Garcia et al., 2009). Resistance training (RT) is
acknowledged as an effective approach for improving
strength and power performance in these athletes (Saraiva
et al., 2014), whereas aerobic training (AT) is advanta-
geous for enhancing aerobic metabolic pathways (Bonato
et al., 2015; Franchini et al., 2016). However, the limited
availability of training time in the current sports landscape
creates difficulties, as it is often challenging to schedule
separate sessions for RT and AT. To overcome this obsta-
cle, professionals in strength and conditioning are investi-
gating strategies to increase training efficiency without
sacrificing quality (Gao and Yu, 2023). As a result, numer-
ous athletes have begun to integrate both RT and AT within
the same training session to improve their overall physical
fitness and optimize both aerobic and anaerobic metabolic
conditioning as well as physical fitness attributes (Da Silva
et al., 2020; Pito et al., 2022). This training approach is re-
ferred to as the combined training method, which allows
athletes to improve both the efficiency and effectiveness of
their training programs when compared to RT or AT con-
ducted separately (Brito et al., 2019). In fact, studies sug-
gest that combined training approach may provide greater
advantages than either RT or AT alone (Cadore et al., 2012;
Petré et al., 2018; Lee et al., 2020); however, the sequence
of these combinations may potentially influence the extent
of adaptations in both muscular strength and power, as well
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as in aerobic performance (Terzis et al., 2016; Vorup et al.,
2016). Indeed, beginning a training session with RT could
serve as an advantageous approach to augment muscular
strength and power, while starting with AT is more suitable
for facilitating substantial improvements in aerobic perfor-
mance (Terzis et al., 2016; Vorup et al., 2016); however,
conducting AT after RT could induce negative effects on
muscular power gains (Lee et al., 2020).

To effectively reduce the negative effects of com-
bined training, it is advisable to alter the sequence and type
of exercises performed during training intervention (Fyfe
etal., 2016; Petré et al., 2018; Lee et al., 2020). Implement-
ing intervals of several hours (specifically, 3 to 8 hours)
between RT and AT sessions within the same day can help
alleviate negative effects on physical performance (Lee et
al., 2020). An alternative approach to mitigate these effects
could involve adopting a training regimen characterized by
power-based RT or an all-out effort during AT (Petré et al.,
2018; Laursen and Buchheit, 2019).

In light of the high-intensity and intermittent nature
of Judo athletes, it is important to recognize that short
sprint interval training (SSIT), lasting less than 10 seconds,
is more advantageous compared to other types of AT, such
as continuous AT or high-intensity interval training (HIIT)
(Franchini et al., 2016; Boullosa et al., 2022). Moreover,
employing a power-based approach in RT may represent
an effective method for fostering adaptive responses in
these athletes, as it not only alleviates interference effects
but also maximizes performance adaptations (Huang et al.,
2023). Consequently, integrating running-based SSIT un-
der all-out conditions, as opposed to continuous running or
alternative forms of AT such as cycling, may alleviate the
adverse effects on resistance exercise outcomes noted in
prior studies (Buchheit and Laursen, 2013; Laursen and
Buchheit, 2019). Moreover, to the authors' knowledge,
there has been no investigation into the combination of
SSIT and RT regarding physiological and physical perfor-
mance adaptations in athletes, particularly within the realm
of Judo.

Apart from the type of exercise employed during
combined training (i.e., continues AT, cycling or HIIT, or
RT with maximal or sub-maximal intensity), monitoring
individual responses to training is of utmost importance
when integrating a training program (Robinson et al.,
2024). Previous studies that explored various forms and se-
quences of combined training primarily focused on the av-
erage results of the groups (Da Silva et al., 2020; Pito et al.,
2022; Gao and Yu, 2023), often neglecting the individual
responses to training. Conversely, it is critical to recognize
the variability in adaptive responses among individuals
when recommending a training program. It is essential to
evaluate individual responses to training to enhance the ef-
fectiveness of training programs. However, there is a nota-
ble deficiency in research focused on this area, particularly
concerning the inter-individual responses to the combina-
tion of SSIT and power-based RT after a 6-week prepara-
tory phase. Additionally, uncertainty persists regarding the
efficacy of combining SSIT and RT in improving the phys-
ical and physiological performance of Judo athletes, as
well as the optimal sequencing of these training modalities
for performance adaptations. Addressing the existing gaps

in knowledge is crucial for advancing the understanding of
how the integration of SSIT and RT can influence physical
fitness and physiological adaptations in Judo athletes. This
study specifically aims to evaluate the effects of a 6-week
intervention, incorporating SSIT and RT in varying se-
quences (i.e., SSIT+RT or RT+SSIT), on the performance
and adaptive responses of male Judo athletes.

We hypothesized that the combination of SSIT and
RT is effective in fostering adaptations in physical perfor-
mance; however, the order of implementation of SSIT and
RT may significantly influence the magnitude of the adap-
tive responses in performance testing.

Methods

Sample size estimation and randomization

The appropriate sample size for this research was deter-
mined using G¥*Power software (Version 3.1.9.2, Univer-
sity of Kiel, Germany). The calculations incorporated an
effect size of 0.8, a power of 0.8, and a significance level
of 0.05, which were derived from a prior study by
Franchini et al. (2016) that examined the effects of interval
training on the physical performance adaptations of male
Judo athletes. Consequently, a total of 8 subjects were al-
located to each group, corresponding to the 8 weight clas-
ses. In accordance with the classification for the World
Championship, three athletes from each weight category
(60 kg or less, 66 kg or less, 73 kg or less, 81 kg or less, 90
kg or less, 100 kg or less, over 100 kg, and the open weight
division) volunteered to take part in the study. The athletes
were randomly assigned to one of three groups in a 1:1:1
ratio using a computer-generated random number. The pro-
cess of randomization was executed with R software (ver-
sion 2.14, Foundation for Statistical Computing) and re-
mained unpredictable for both the authors and the partici-
pants.

Participants

The investigation engaged twenty-four young male Judo
athletes from a regional academy, all of whom had prior
participation in national events. The athletes were divided
into three groups: a) SSIT+RT (n= 8, age =22.6 £ 2.5y,
height = 175.3 £ 8.1 cm, weight = 74.8 £+ 18.5 kg, training
age =85+ 1.1y, experience in RT and AT=4.6+12y,
b) RT+SSIT (n = 8; age = 22.3 £ 2.1 y, height = 177.6 +
7.4 cm, weight = 78.5 £ 19.1 kg, training age =8.9+ 1.3 y,
experience in RT and AT =4.8 £ 1.5y ), and c) an active
control group (CON, n = 8, age = 22.1 £ 2.9 y, height =
179.3 £ 7.4 cm, weight = 80.7 + 19.9 kg, training age = 9.1
+ 1.6 y, experience in RT and AT = 5.1 + 1.3 y). The ath-
letes had prior experience with RT and various forms of
AT, including continuous running and sprint interval train-
ing; however, they had not engaged in these activities for
at least three months before participating in the study. Eli-
gibility for the study was determined by specific inclusion
and exclusion criteria, which included: a) no prior muscu-
loskeletal issues that would hinder participation in the
training program (Gharaat et al., 2025), b) no intake of di-
etary supplements within the last six months or during the
study, and c) a background of over seven years in Judo
training and competition, with at least four years of unin-
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terrupted training before the study commenced. Partici-
pants were thoroughly briefed on the study's aims and po-
tential risks, and they provided written informed consent,
which received approval from the University’s Ethics
Committee, in line with the principles of the Declaration of
Helsinki.

Study procedure

A randomized-controlled study was conducted involving
Judo athletes who participated in a 9-week intervention
structured into distinct phases: a 1-week familiarization, a
1-week pre-test, a 6-week training intervention, and a 1-
week post-test. During the initial week, specifically on
Monday, participants were brought into the laboratory to
familiarize themselves with the study's objectives, testing
procedures, and training protocols. This session provided
participants with the opportunity to understand the test pro-
cedures and the testing environment. They experienced a
single exposure to the test setup, accompanied by a com-
prehensive explanation of the protocol and expectations,
without engaging in repeated trials or concentrating on sta-
bilizing their performance. Additionally, participants'
height was measured using a stadiometer (+ 0.1, Seca, Ger-
many), and their body mass was recorded with a digital
scale (% 0.5, Tanita, Japan). Following the week 1, partici-
pants were involved in three testing sessions, each sepa-
rated by 48 hours (i.e., Week 2). The testing included a
countermovement vertical jump (CMV]J), a 20-m sprint,
and an agility T-test on Day 1; the Specific Judo Fitness
Test (SJFT) and lower-body maximal strength measured
via leg press on Day 2; and Wingate anaerobic power along
with an incremental exercise test on Day 3, respectively.
To control for circadian rhythm effects on short-duration
exercise performance, all assessments were scheduled for
the afternoon at the same time (4 PM) before and after the
training intervention. To ensure consistency in the perfor-
mance evaluations, participants were instructed to wear
identical footwear and clothes for both the pre-test and
post-test assessments. Each testing session began with a
standardized general warm-up, comprising 10 minutes of
running and an additional 10 minutes dedicated to stretch-
ing and ballistic movements. This was followed by a spe-
cific warm-up tailored to the performance tests. All evalu-
ations were conducted in the laboratory under temperature
conditions of 27 to 28° and relative humidity levels ranging
from 45 to 50%.

Countermovement vertical jump

Following the completion of five specific warm-up jumps,
the maximal vertical jump height was assessed using a Ver-
tec device (Power System, Knoxville, Tennessee), which
provides measurements with an accuracy of one cm. To
prepare for the measurement, participants positioned them-
selves directly beneath the Vertec, ensuring their feet were
together and their heels remained on the ground. Following
the stand and reach assessment, the participants flexed their
ankles, knees, and hips to initiate a downward motion to a
depth of their choosing (i.e., parallel to the ground), subse-
quently, extended their ankles, knees, and hips to achieve
maximum vertical height. The procedure commenced with
the participants in an upright position and the participants

were instructed to contact the vanes on the Vertec when
they reached to the peak jump height. During the CMVJ
testing, participants were prohibited from swing their
hands, and the dominant hand was required to be elevated
to ensure that hand movement did not influence the results.
The difference between the highest vane touched during
the jump and the participant's standing reach was calcu-
lated, and the mean scores from three trials (Claudino et al.,
2017), with a 30-second rest interval, was recorded for fur-
ther analysis (Nuzzo et al., 2011).

20-m sprint

Following three trials of a 20-m sprint run for a specific
warm-up, participants engaged in three maximal sprints
over a distance of 20-m, measured using electronic timing
system (Freelap BLE 424, USA). The participants were in-
structed to begin the test with their front foot positioned at
least 0.5 m behind the starting gate. The test was initiated
at a self-determined time, and the time taken to complete
the 20-m sprint was recorded to the nearest 0.01 seconds.
A three-minute rest interval was allocated between each at-
tempt, and the average sprint performance values of the
athlete were chosen for subsequent analysis (Rimmer and
Sleivert, 2000).

Agility T-test

Upon completion of the warm-up, participants were shown
a diagram (refer to Figure 1) and received a written expla-
nation of the agility course. The researcher then accompa-
nied the participants through the agility test to ensure they
fully understood the procedure. After a series of practice
runs, participants were instructed to take their positions at
the starting line, indicated by cone A, and to begin the trial
when prompted. At the command "GO," participants com-
menced their run. The time taken to finish the run was ac-
curately recorded using electronic timing system (Freelap
BLE 424, USA) positioned 0.4 m above the ground, with
an accuracy of 0.01 seconds at the start/finish cone. Partic-
ipants undertook three attempts, with at least two minutes
of rest between each, and the average performance values
of the athlete were selected for subsequent statistical anal-
ysis (Miller et al., 2006).

|
Ai Finish

A

Figure 1. Agility T-test procedure.
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Special Judo Fitness Test

The SJFT began with a five-minute standardized warm-up
that included running, judo falling techniques (ukemi), and
the repetition of throwing techniques without falling. Three
athletes, matched in body weight and height, then executed
the SJFT following a specific protocol: two judokas (uke)
were positioned six meters apart to be thrown, while the
test executor (tori) was located in the middle, three meters
from each judoka. The test comprised three sessions of 15
seconds (A), 30 seconds (B), and 30 seconds (C), with 10-
second intervals between each session. Throughout these
sessions, the executor attempted to throw the opponents as
many times as possible using the ippon seoi nage tech-
nique. Performance was evaluated by summing the total
number of throws achieved in all three sessions (A + B +
C). Heart rate (HR) was monitored immediately after the
test and again one minute later (Polar S610i heart rate mon-
itor) to determine the index using the designated equation.
The Special Judo Fitness Test index was calculated accord-
ing to the following equation: Index = (HR after + HR 1
min after)/total number of throws (Branco et al., 2022;
Ceylan et al., 2022).

Strength performance

The assessment of lower body maximal strength was con-
ducted using a 45° leg press apparatus (Nebula Fitness,
Inc., Versailles, OH). Initially, each participant performed
a warm-up consisting of 5 to 10 repetitions with a light re-
sistance. Following this, the resistance was gradually in-
creased, allowing the participant to complete 2 to 3 repeti-
tions. Subsequently, the participant executed one repetition
with each increase in load until reaching the point of vol-
untary failure. The aim was to achieve a maximal lift
within a maximum of five attempts. A rest interval of two
minutes was provided between each set (Kraemer and Fry,
1995).

Wingate anaerobic power

The Wingate anaerobic power test was conducted using a
cycle ergometer (Ergomedics 874, Monark, Sweden). Fol-
lowing a 5-minute warm-up, participants were directed to
pedal at maximum speed for 30 seconds against a re-
sistance equivalent of 75 g per kg for each athlete’s body
mass (Song and Sheykhlouvand, 2024). The peak power
output (Ppeax) was determined by averaging the power over
a 5-second interval, which typically coincided with the
highest performance, generally occurring within the initial
5 seconds of the test. The mean power output (Pmean) Was
derived from the average power throughout the entire 30-
second duration (Ceylan et al., 2018; Ning and Sheykhlou-
vand, 2025).

Incremental exercise test

Participants engaged in incremental exercise test on a
treadmill (Technogym, Italy) to assess cardiorespiratory
fitness. This evaluation utilized a breath-by-breath gas col-
lection system (Hans Rudolph Inc., Shawnee, KS, USA).
The test commenced at a speed of 6 km/hr, which was in-
crementally increased by 1 km/h every three minutes until
the participants reached a state of voluntary exhaustion.

The maximum oxygen consumption (VOama) was identi-
fied as the highest value recorded within a 30-second
timeframe during the test. Several criteria were employed
to confirm the attainment of VOapmay, including: a) a plateau
in VO, despite increased workload, b) a respiratory ex-
change ratio exceeding 1.10, ¢) a maximum heart rate
(HRmax) reaching or surpassing 95% of the age-predicted
maximum (220 - age), and d) voluntary exhaustion (Eston
and Reilly, 2009; Tao et al., 2024).

Training intervention

The athletes were in the preparation phase and participated
in Judo practice sessions lasting between 100 to 120
minutes from 4:00 to 7:00 P.M. In addition to their Judo
sessions on Tuesdays, Thursdays, and Saturdays, the
SSIT+RT and RT+SSIT groups completed their respective
training interventions on Mondays, Wednesdays, and Fri-
days in the afternoon. The SSIT program performed three
sets of 10 repetitions of 5 seconds of maximum effort run-
ning (i.e., all-out), with a recovery ratio of 1:3 (i.e., 5 sec-
onds of all-out running followed by 15 seconds of active
rest [i.e., light running]) between efforts, and a three-mi-
nute recovery period between sets, with the number of rep-
etitions increasing by 1 each week (Boullosa et al., 2022).
Additionally, the RT program employed a power-based
methodology, featuring three exercises: back squat, leg
press, and knee extension, performed in a circuit format for
3 sets of 8 to 12 repetitions with the intensity of 60% which
conducted with maximal efforts (Arazi et al., 2014), incor-
porating 15 seconds of rest between trials and 90 seconds
between circuits (Baltasar-Fernandez et al., 2024). A 10-
minute break was observed between the two training mo-
dalities, as presented by Fyfe et al. (2016). Throughout the
sessions, the athletes were closely supervised by a special-
ized strength and conditioning coach to ensure the precise
execution of training techniques (i.e., conducting both
SSIT and power-based RT as fast as possible and with
maximal effort), maintaining a coach-to-athlete ratio of
1:4. Subsequent to the completion of the training interven-
tion, the athletes undertook a cool-down routine for a du-
ration of 15 minutes. The CON group abstained from any
training intervention, continuing their established daily
habits and participating exclusively in the Judo training
sessions. To determine the load associated with the train-
ing interventions, the athletes' ratings of perceived exertion
(RPE) were recorded on a scale of 0 to 10 (Borg, 1982).
This assessment of RPE took place ten minutes following
the completion of the training sessions. After the training
sessions, athletes were prompted to evaluate their overall
effort using a scale where 0 represented rest and 10 denoted
maximal exertion.

Statistical analysis

The data were presented as mean + standard deviation
(SD). To evaluate the normality of the data for both pre-
test and post-test values, the Shapiro-Wilk test was em-
ployed, while Levene's test was used to assess the homo-
geneity of variances. A two-factor ANOVA (time [2] %
group [3]) was performed to analyze repeated measures.
Upon obtaining significant F values, pairwise comparisons
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were conducted alongside a Bonferroni post hoc procedure
to pinpoint specific significant differences while control-
ling for type I errors. The effect size (ES) was calculated
with a 95% confidence interval (CI) to determine the mag-
nitude of training effects, utilizing Hedge's g for all
measures. According to Hopkins et al. (2009), an ES of <
0.2 is deemed trivial, 0.2 - 0.6 small, 0.6 - 1.2 moderate,
1.2 -2.0 large, 2.0 - 4.0 very large, and > 4.0 nearly perfect.
The significance threshold was established at 0.05. The co-
efficient of variation (CV) was computed to assess inter-
individual variability in adaptations over time. Individual
percent changes from pre-training to post-training were
calculated for each variable, and the mean + SD of these
changes was derived (A% = (post - pre) / pre x 100). The
CV, defined as the ratio of SD to the mean, was then deter-
mined for each variable. Furthermore, individual residuals
(IRs) in changes were calculated as the square root of the
squared difference between individual changes and the
mean group change for each variable tested. Ultimately, in-
ter-subject variability in adaptive responses to interven-
tions was assessed by comparing mean residuals between
groups for each variable (Sheykhlouvand and Gharaat,
2024). Furthermore, the t-test was employed to analyze the
differences in RPE across the training groups.

Results

It is crucial to highlight that all participants exhibited full
compliance during the entire study period, leading to the
remarkable accomplishment of achieving a 100% success
rate. Additionally, there were no documented cases of in-
juries related to the training and testing procedures.

Both training groups demonstrated statistically sig-

nificant changes in the measured variables over the training
period (time effect, p=0.001), with effect sizes (ESs) rang-
ing from trivial to large (Table 1, Figure 2, Figure 3 and
Figure 4). In contrast, the CON group exhibited no signifi-
cant changes over time.

A time-regimen interaction was observed for CMVJ
(p = 0.021), 20-m linear sprint (p = 0.028), Agility T-test
(p =0.014), Ppeax (p = 0.009), and maximal strength perfor-
mance (p = 0.007), confirming that responses over time dif-
fered among groups. Therefore, post-hoc analyses were
conducted to explore the source of interaction effects. The
SSIT+RT group demonstrated significantly greater
changes in the CMV] (standard mean difference [SMD] =
0.62, 95% CI =-0.41 to 1.59 [Moderate], p = 0.024), 20-m
linear sprint (SMD = -0.46, 95% CI=-1.42 t0 0.56 [Small],
p=0.031), Agility T-test (SMD =-0.34,95% CI=-1.33 to
0.64 [Small], p = 0.016), and Ppeax (SMD =0.79, 95% CI =
-0.07 to 1.59 [Moderate], p = 0.009) than the RT+SSIT
group over the training period (Table 1 and Figure 5).
Meanwhile, the RT+SSIT group showed greater adapta-
tions in the maximal strength performance (SMD = 0.14,
95% CI = -0.84 to 1.12 [Trivial], p = 0.007) than the
SSIT+RT group across the training period (Figure 5).

No statistically significant differences were de-
tected between the SSIT+RT and RT+SSIT groups in SJFT
(SMD = -0.15, 95% CI =-1.13 to 0.84, p = 0.726; trivial),
Pmean (SMD = -0.07, 95% CI = -1.04 to 0.92, p = 0.842;
trivial), and VO2max (SMD =0.13, 95% CI=-0.86to 1.10,
p = 0.897; trivial) over time (Figure 5).

Over the training intervention, both the SSIT+RT
(7.8 £ 0.5) and RT+SSIT (7.7 £+ 0.6) groups demonstrated
similar levels of RPE, and no significant (p = 0.706) differ-
ences were found between them.

Table 1. Performance changes in the experimental groups from the pre- to post-intervention (mean % SD).

Variables Hedge's g (95 % CI) % changes Residuals in CvV
individual %
change
Vertical jump (cm)
SSIT+RT 1.58 (0.46 to 2.70) Large 12.1 £ 1.9%# 1.51 16.2
RT+SSIT 0.85 (-0.18 to 1.87) Moderate 6.5+ 1.7% 1.39 26.7
20-m sprint (sec)
SSIT+RT -1.22 (-2.29 to -0.15) Large -6.6 = 2.6*# 1.96 -39.3
RT+SSIT -0.53 (-1.53 to 0.46) Small 42422 1.74 -53.1
Agility T-test (sec)
SSIT+RT -1.12 (-2.17t0 -0.06)  Moderate  -5.6 = 2.2*# 1.88 -39.5
RT+SSIT -0.46 (-1.46 t0 0.53) Small -3.24+2.2% 1.85 -68.1
Lower body strength (kg)
SSIT+RT 0.15 (-0.84 to 1.13) Trivial 4.1+£2.7*% 2.31 67.7
RT+SSIT 0.21 (-0.78 to 1.19) Small 6.3 £3.1*§ 2.49 49.9
SJFT (index)
SSIT+RT -0.91 (-1.94 to0 0.12) Moderate ~ -4.5 +2.3* 1.94 -51.9
RT+SSIT -0.90 (-1.93 t0 0.13) Moderate ~ -4.2+2.1* 1.81 -48.5
Ppeak (W)
SSIT+RT 1.74 (0.59 to 2.89) Large 9.7+ L.7*# 1.41 18.1
RT+SSIT 1.18 (0.12 to 2.24) Moderate 5.8 +1.8*% 1.41 31.6
Pmean (W)
SSIT+RT 0.98 (-0.06 to 2.02) Moderate 8.6+2.1% 1.61 242
RT+SSIT 1.11 (0.06 to 2.17) Moderate 85+2.1% 1.53 23.9
VO2max (mL.kg!.min")
SSIT+RT 1.17 (0.11 to 2.24) Moderate 5.8 +2.0% 1.41 353
RT+SSIT 1.03 (-0.01 t0 2.07) Moderate 5.8+2.1% 1.73 36.4

* Significantly greater changes over the training period (p < 0.05); # Significantly greater changes than RT+SSIT group
(p <0.05); § Significantly greater changes than SSIT+RT group (p < 0.05).
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Figure 2. Pre to post-intervention changes in the CMVJ, 20-
m sprint and Agility T-test (mean = SD). * Significant changes
over the training period (p < 0.05). # Significantly greater changes than
RT+SSIT group over the training period.
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Figure 3. Pre to post-intervention changes in the lower body
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over the training period (p < 0.05). # Significantly greater changes than
RT+SSIT group over the training period. § Significantly greater changes
than SSIT+RT group over the training period
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Figure 5. Standard mean difference (SMD) with 95% CI for
the SSIT+RT vs. RT+SSIT groups at post-intervention.

Discussion

This study aimed to examine the influence of different
combinations of SSIT and RT programs (i.e., SSIT+RT vs.
RT+SSIT) on the physical fitness attributes of Judo ath-
letes following a 6-week training duration. Our findings in-
dicated that Judo training alone (CON group) did not in-
duce meaningful effects on performance adaptations and
incorporating training intervention should be included for
adaptations during the preparation phase in Judo athletes.
Both the SSIT+RT and RT+SSIT groups indicated signifi-
cant and trivial to large ES in the magnitude of changes in
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all variables from pre- to post-intervention, while the
SSIT+RT group demonstrated greater adaptive responses
in the vertical jump, 20-m linear sprint, Agility T-test and
Ppeak than the RT+SSIT group. Meanwhile, the RT+SSIT
group showed more adaptations in maximal strength per-
formance than the SSIT+RT group at post-intervention.
However, both groups demonstrated similar adaptive re-
sponses in the SJFT, Pmean and VOopmay.

In this research, the SSIT+RT and RT+SSIT groups
exhibited significant enhancements in the bio-motor abili-
ties of Judo athletes, as assessed by vertical jump, 20-m
linear sprint, and Agility T-test. These results are in line
with previous studies that indicated a beneficial transfer of
various combinations of RT and AT on bio-motor abilities
across different populations (Glowacki et al., 2004; Cadore
et al., 2012; Da Silva et al., 2020; Gao and Yu, 2023). The
initial mechanisms responsible for the observed perfor-
mance improvements during the short-term training phase
(i.e., less than 6 weeks) may be attributed to neuromuscular
adaptations, which include an increase in the rate of force
development and firing rates, as well as the engagement of
fast-twitch muscle fibers, as highlighted in prior research
(Buchheit and Laursen, 2013; Aagaard et al., 2011).

Interestingly, the SSIT+RT group demonstrated
greater adaptations compared to the RT+SSIT group in
vertical jump performance, the 20-m linear sprint, and the
Agility T-test. This suggests that the principle of specificity
in the training program facilitated these adaptations. In
fact, the SSIT utilized in this study lasted five seconds,
aligning with the muscle fiber recruitment patterns ob-
served during the vertical jump and 20-m sprint (Song and
Deng, 2023; Sheykhlouvand and Gharaat, 2024). Further-
more, engaging in short-sprint trials with minimal rest pe-
riods can enhance stride length and buffering capacity
(Boullosa et al., 2022; Yang et al., 2024), resulting in im-
proved sprint performance and more pronounced adaptive
responses in the Agility T-test. Based on the findings of our
research, it can be concluded that the implementation of
RT prior to SSIT is not advisable when the objective is to
enhance adaptations in bio-motor abilities. The evidence
suggests that introducing RT at the beginning of a training
session results in a depletion of muscle glycogen and the
onset of fatigue, accompanied by an increase in lactate and
H" ions (Knuiman et al., 2015; Brooks et al., 2023). This
physiological response restricts the activation of muscle fi-
bers during SSIT, leading to less effective adaptations in
comparison to when SSIT is performed initially (Buchhiet
and Laursen, 2013). Furthermore, the rise in blood lactate
and H" ions following RT may contribute to a decrease in
calcium sensitivity within the muscle fibers, which is es-
sential for effective SSIT (Theofilidis et al., 2018; Har-
greaves and Spriet, 2020). This reduction leads to dimin-
ished muscle fiber engagement and firing rates during max-
imal effort in short-sprint trials (Wirtz et al., 2014), ulti-
mately yielding lower adaptations than those observed in
the SSIT followed by the RT group.

Significant improvements in maximal strength were
observed following a 6-week training regimen for both the
SSIT+RT and RT+SSIT groups. These results indicate that
the integration of SSIT and RT constitutes an effective
strategy for enhancing strength development (Aagaard et

al.,2002; 2011; Laursen and Buchhiet, 2019). The strength
gains resulting from the training can be attributed to two
primary mechanisms: a) neuromuscular adaptations, which
include enhanced muscular coordination, inhibition of an-
tagonist muscles, and the activation and contraction of syn-
ergistic muscles and motor units (Aagaard et al., 2002), and
b) muscle hypertrophy, characterized by increases in my-
ofilaments, actin and myosin filaments, sarcoplasm, and
connective tissue (Schoenfeld, 2010). It appears that the
combination of SSIT and RT has led to strength gains
through multiple mechanisms as previously outlined.

The observed greater strength gains in the RT+SSIT
group compared to the SSIT+RT group indicate that initi-
ating a training program with SSIT may restrict the physi-
ological adaptations necessary for strength development. It
is advisable to commence training sessions with RT to fa-
cilitate these adaptations. The engagement in SSIT may
lead to the accumulation of metabolites in the bloodstream,
which can inhibit calcium release in muscle fibers essential
for power-oriented training (Boullosa et al., 2022; Wirtz et
al., 2014). Consequently, this physiological response di-
minishes the effectiveness of the RT program, resulting in
reduced strength gains for the SSIT+RT group. However,
these statements are speculative, as we did not directly
measure these metabolic variables which warrants further
investigation. Therefore, for Judo athletes aiming to en-
hance strength, it is recommended to conduct RT before
SSIT to achieve greater adaptations than if SSIT is per-
formed first.

This research indicates that both the SSIT+RT and
RT+SSIT groups exhibited moderate to large effect sizes
in Ppeak and Pmean following the training period. Previous
studies have documented enhancements in anaerobic
power following the combination of SIT and RT after the
8 (Ferley et al., 2020) and 16 weeks (Miiller et al., 2021)
of training intervention. Two primary factors appear to
contribute to these improvements. Firstly, adaptations in-
duced by SSIT and RT, such as increased calcium sensitiv-
ity and improved buffering capacity, facilitate greater re-
cruitment of muscle fibers while maintaining lower blood
lactate levels, ultimately enhancing power output (Li and
Sheykhlouvand, 2025; Furrer et al., 2023; Gharaat et al.,
2020; Forbes and Sheykhlouvand, 2016). Secondly, the
positive correlation between jumping ability, sprinting
speed, and power output suggests that the adaptations in
bio-motor capabilities resulting from SSIT and RT may
promote muscle fiber engagement and recruitment over the
six-week training period, leading to increased power
(Ceylan et al., 2022). The training sessions, characterized
by maximal effort in SSIT and a power-oriented approach
in RT, fostered enhancements in muscle fiber activation,
which in turn resulted in adaptations at the neuromuscular
junction, further contributing to the observed increases in
bio-motor abilities and power output.

Additionally, the superior improvements in Ppyeax 0b-
served in the SSIT+RT group compared to the RT+SSIT
group indicate that initiating training with SSIT is advisa-
ble for enhancing power performance in short-duration ef-
forts (i.e., 5 seconds [Ppek]). This recommendation is
grounded in the specificity of training, as athletes typically
engage in 5 seconds of all-out SSIT. Conversely, starting
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with RT may lead to central (i.e., changes in the synaptic
concentration of neurotransmitters within the central nerv-
ous system) (Minett and Duffield, 2014) and peripheral fa-
tigue (i.e., elevation of lactate and H+ ions) (Knuiman et
al., 2015; Brooks et al., 2023), which can adversely affect
the performance of SSIT, which requires maximal effort
(Boullosa et al., 2022; Knuiman et al., 2015). This training
approach (i.e., RT+SSIT) may be more suitable when the
objective is to enhance Pmean. In contrast, beginning with
SSIT may facilitate greater muscle fiber recruitment with
lower metabolite levels, resulting in improved Ppear. How-
ever, when the goal is to increase Pmean, both combinations
of SSIT and RT (i.e., SSIT+RT and RT+SSIT) yield com-
parable outcomes. Both training methodologies appear to
engage comparable aerobic metabolic pathways, as evi-
denced by the improvements in the SJIFT and VOjmay,
which contributed to power output performance sustained
over a duration of 30 seconds. Conversely, the inclusion of
SSIT in the initial segment of the training session may have
facilitated superior short-term physiological adaptations,
particularly in muscle phosphocreatine levels within the
muscle fibers (Boullosa et al., 2022). Additionally, both
combinations of SSIT and RT (i.e., SSIT+RT and
RT+SSIT) could induced meaningful changes in the aero-
bic glycolytic pathway, resulting in similar adaptations in
Pmean. Nevertheless, this study represents the first examina-
tion of this subject, indicating a need for further investiga-
tions to clarify the adaptations that occur with different
combinations of RT and AT in various sports populations.

The findings revealed that both the SSIT+RT and
RT+SSIT groups exhibited comparable and moderate
training effects regarding the adaptation of aerobic capac-
ity tests, specifically SJFT and VOzmax. Various forms of
AT, such as continuous running, HIIT, and SSIT, have
been shown to enhance aerobic metabolic conditioning, in-
dicating that the adaptive responses in aerobic capacity are
primarily influenced by the type of AT employed, while
RT has a minimal impact (Aagaard et al., 2002; Cadore et
al., 2012; Fyfe et al., 2016; Gao and Yu, 2023). Conse-
quently, it can be concluded that the adaptations observed
in the SJFT and VOumax are predominantly attributed to
SSIT, as both combinations yielded similar results. The un-
derlying mechanisms for the adaptations in aerobic capac-
ity resulting from SSIT and RT may involve improvements
in two critical aspects of aerobic fitness: the central com-
ponent, which pertains to enhanced oxygen delivery, and
the peripheral component, which relates to the improved
utilization of oxygen by active muscles during aerobic ex-
ercise (Song and Deng, 2023; Sheykhlouvand and Gharaat,
2024; Yang et al., 2024).

Engaging in exercise at intensities that exceed the
red zone, which generally means achieving an intensity
greater than 90% of VOama, activates adaptive processes
that contribute to the improvement of cardiorespiratory fit-
ness (Laursen and Buchheit, 2019). Previous research has
shown that conducting sprint trials at maximal effort can
elicit a significant percentage of VOaumax, likely due to the
minimal recovery time between all-out efforts (Boullosa et
al., 2022), thereby enhancing aerobic fitness throughout
the training duration. Although the adaptations in aerobic
capacity have been thoroughly documented in the studies

mentioned (Yang et al., 2024), the positive effects of RT
on aerobic performance adaptation is trivial. Power-based
RT is often defined by its eccentric movements, which
prior studies have shown can enhance cardiorespiratory fit-
ness (Julian et al., 2018). These eccentric movements in RT
may induce changes in the biomechanical characteristics of
soft tissues and skeletal muscles, resulting in heightened
oxygen consumption during muscle contractions. This ef-
fect, when integrated with the SSIT, can lead to significant
cardiorespiratory adaptations (Yang et al., 2024). There-
fore, increasing metabolic demand following eccentric ac-
tions induced by RT and the involvement of aerobic capac-
ity through SSIT with minimal recovery periods can pro-
duce a systemic impact on the physiological processes of
skeletal muscle and adaptations in the peripheral circula-
tion (Ashcroft et al., 2024). This process could result in en-
hanced capillarization and angiogenesis in skeletal muscle,
as well as improvements in mitochondrial respiration and
the capillary-to-fiber ratio after training (Yang et al., 2024)
leading to enhancements of SJIFT and VOomax. Collectively,
these observations suggest that the integration of RT and
SSIT may impose a comparable level of stress on the re-
quirements for oxygen transport and utilization (Touron et
al., 2021; Gharaat et al., 2024), potentially leading to sim-
ilar enhancements in aerobic capacity across both training
groups.

This study presents a novel method for analyzing
data to understand individual responses to SSIT and RT.
As suggested in previous studies (Robinson et al., 2024;
Sheykhlouvand and Gharaat, 2024; Song and Sheykhlou-
vand, 2024), calculating IRs in percentage change and CVs
can be an effective approach to assess inter-subject varia-
bility in response to training intervention. Instead of simply
reporting mean + SD with a sample size, calculating IRs in
percentage change and CVs can help identify how subjects
responded to training intervention, as well as the con-
sistency in responses across subjects. The results of this
study show that incorporating SSIT in the first section of
training sessions not only produced more adaptations in
bio-motor abilities and Ppe but also induced more con-
sistency in adaptations with reporting lower IRs and CVs.
Furthermore, when comparing the two training regimes,
the RT+SSIT group demonstrated greater consistency in
responses to training intervention and lower inter-individ-
ual variations. Therefore, it is recommended that perform-
ing SSIT at the initial stage of the training session could
induce consistency in adaptations in bio-motor abilities and
Ppeak, while initiation of RT could produce more homoge-
neity in adaptations of strength performance than the
SSIT+RT group.

The current study presents several methodological
limitations that warrant further examination. Firstly, the
limited sample size of athletes (n = 8 for each group) may
have impacted the statistical power of the findings. How-
ever, a priori power analysis indicates that this sample size
is sufficient for achieving adequate statistical power
(Franchini et al., 2016). Secondly, the scope of this re-
search is restricted to male Judo athletes, necessitating fur-
ther studies to determine whether these findings can be ex-
trapolated to other sports, such as basketball or handball,
or to female athletes. Lastly, the sample size is insufficient



146

Combined training and Judo performance

to separately analyze RT and SSIT to compare combined
training effects, which should be addressed in future re-
search. Furthermore, the lack of laboratory measurements
regarding alterations in blood pH, lactate levels, and neu-
romuscular adaptations (such as EMG) constrains the
study's capacity to assess the metabolic conditioning and
muscular adaptations that took place in Judo athletes. To
strengthen our conclusions, subsequent investigations
should consider these factors. Therefore, we recommend
that subsequent studies investigate these areas within vari-
ous athletic populations or assess different training modal-
1ties.

Conclusion

The findings of the present study demonstrated that a
6-week combination of power-based RT and SSIT effec-
tively enhanced lower-body performance in male Judo ath-
letes, regardless of exercise order. Beginning sessions with
SSIT yielded superior improvements in explosive perfor-
mance, including jumping, sprinting, change of direction,
and peak power, whereas initiating with RT resulted in
greater strength gains. These findings emphasize the im-
portance of sequencing in combined training, allowing
coaches to align session order with specific performance
goals during the preparatory phase.
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Key points

e The SSIT+RT and RT+SIT methodologies are both effec-
tive in promoting adaptations in the lower-extremity physi-
cal fitness attributes of Judo athletes.

e Utilizing SSIT at the beginning of the training session is
more effective than RT in facilitating increased adaptations
in bio-motor abilities and Ppeak.

e Initially utilizing RT is more effective than SSIT for opti-
mizing adaptations in strength performance.

e Additionally, in relation to adaptations in aerobic capacity,
including SJFT and VO2max, no order effects were identi-
fied, and both groups exhibited similar and moderate bene-
fits from the training regimen.
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