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Abstract  Background: The physical demands of
Karate, particularly in disciplines like Kumite and Kata,
emphasize the importance of explosive strength in
executing offensive and defensive maneuvers. Muscle
imbalances between flexor and extensor groups,
particularly in major joints, pose significant risks to
performance and injury prevention. Despite the growth of
Karate in Vietnam, limited research has explored targeted
strength training interventions for Vietnamese Karate
athletes. Method: This study involved 20 male Karate
athletes from Vietnam National University-Ho Chi Minh
City (VNU-HCM), divided into an experimental group
(EG, n=11) and a control group (CG, n=9). The EG
participated in an 8-week strength training program,
comprising an anatomical adaptation phase (weeks 1-4,
60-75% 1RM) and a maximum strength phase (weeks 5—
8, 90-95% 1RM). The CG continued their standard
training. Peak torque of flexor muscles at the shoulder,
elbow, hip, and knee joints was assessed pre- and
post-intervention using the Biodex System 4Pro-2012.
Statistical analysis included paired and independent t-tests,
growth rates (W%), and ANOVA. Result: The EG
demonstrated significant improvements in flexor peak
torque across all joints, with notable increases in the right
thigh (31.3%, p=0.015) and left shoulder (28.94%,
p=0.005). In contrast, the CG exhibited minimal,

non-significant changes. Conclusion: The 8-week strength
training program effectively enhanced peak torque and
reduced muscle imbalances in Vietnamese Karate athletes.
These findings support the implementation of structured,
periodized strength interventions to optimize athletic
performance and reduce injury risks.

Keywords Explosive Strength, Muscle Imbalance,
Periodized Training, Torque Assessment, Karate Athletes

1. Introduction

Karate, as a combat sport, requires a combination of
technical proficiency, tactical acumen, and physical fitness
to achieve optimal performance. Strength plays a pivotal
role in Karate, particularly in disciplines such as Kumite
(sparring) and Kata (forms). Kumite athletes, in particular,
rely heavily on explosive strength and power to execute
effective offensive and defensive movements such as kicks,
punches, and rapid body shifts [1, 2]. Despite its
importance, there is often insufficient focus on systematic
strength training for Karate athletes during their
preparatory training phases. Tudor Bompa [3] emphasized
that neglecting strength development can lead to
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imbalances between agonist and antagonist muscle groups,
increasing the risk of injury while reducing overall
performance.

In Vietnam, Karate has witnessed significant growth;
however, limited research exists focusing on the muscular
strength profiles of Vietnamese Karate athletes.
Specifically, there is a paucity of data evaluating peak
torque (Pt) strength of key muscle groups—such as flexor
muscles in the shoulders, elbows, hips, and knees—and
how targeted strength development programs influence
these muscle groups. Prior studies have primarily been
conducted in Western contexts, such as research on
Portuguese and Serbian Karate athletes [4, 5], leaving a
critical gap in understanding the physical conditioning of
Vietnamese athletes.

Karate practitioners from VNU-HCM are engaged in
competitive training and competitions at regional and
national levels. However, observational data from the
Karate student team at VNU-HCM indicates a notable
weakness in the flexor muscle groups of major joints,
specifically in comparison to extensor muscle groups. This
imbalance may compromise their ability to generate
explosive power efficiently during critical moments in
competition, such as performing powerful kicks, defensive
blocks, or counterattacks. Tudor Bompa’s theoretical
framework [6] and Kraemer & Fleck’s strength training
models [7] suggest that structured training programs
focusing on anatomical adaptation and maximum strength
phases can address such deficiencies.

Addressing this issue, an 8-week experimental strength
training program was implemented during the preparatory
phase of the VNU-HCM Karate team’s training calendar.
This program sought to improve peak torque strength in the
hip, knee, elbow, and shoulder flexor muscles. Previous
research has demonstrated the efficacy of plyometric and
resistance training interventions in enhancing strength and
explosive performance among combat sport athletes [8, 9].
However, limited empirical data exist regarding
Viethamese Karate athletes, necessitating the need for
region-specific investigations.

Muscle strength imbalances between flexor and extensor
muscle groups are a common problem observed in many
combat athletes, including Karate practitioners. According
to Bompa [3], imbalances increase susceptibility to joint
injuries and impair performance outcomes. Flexor muscles
in key joints—such as the hips, knees, elbows, and
shoulders—play a critical role in facilitating both offensive
and defensive maneuvers during competition. Previous
studies have reported that Karate athletes often exhibit
reduced peak torque in flexor muscles compared to
extensor muscles, particularly in lower limbs [10, 11].

Given the lack of emphasis on structured strength
development programs during preparatory training, Karate
practitioners at VNU-HCM face challenges in optimizing
their physical conditioning. Furthermore, without
systematic strength assessments, coaches may struggle to
identify and address these deficiencies effectively. This

study aims to address these gaps by implementing an

8-week experimental strength training program tailored to

develop flexor muscle strength and reduce the imbalance
between agonist and antagonist muscle groups.

The study focused on developing the peak torque
strength of male Karate students through a targeted
strength training intervention. An 8-week experimental
program was designed based on the principles outlined by
Bompa [6] and Kraemer & Fleck [7]. The program was
divided into two distinct phases:

1. Anatomical Adaptation Phase (4 weeks): This phase
aimed to prepare the muscles, tendons, and ligaments
for heavier loads by incorporating circuit training with
moderate intensity (60-75% 1RM) and higher
repetitions (8—12 reps).

2. Maximum Strength Development Phase (4 weeks):
This phase focused on building maximal muscle
strength through high-intensity training (90-95%
IRM), lower repetitions (3—4 reps), and multi-joint
exercises targeting key flexor muscle groups.

The training regimen was conducted three times per
week for 11 male students in the EG. A CG of 9 Karate
students followed their regular training routines without
additional strength-focused interventions.

1. Participants: Twenty male Karate students from
VNU-HCM  participated in the study. The
experimental group (EG, n=11) followed the 8-week
strength program, while the control group (CG, n=9)
continued with their standard training.

2. Strength Assessment: The Biodex System 4Pro-2012
was used to measure peak torque strength of the flexor
muscle groups in four joints: shoulders, elbows, hips,
and knees. Assessments were conducted at a
controlled speed of 60 degrees/second pre- and
post-intervention.

3. Statistical Analysis: Collected data were analyzed
using SPSS 20.0 software. Paired t-tests were
employed to compare pre- and post-intervention
results within groups, while independent t-tests were
used to assess differences between the experimental
and control groups. Descriptive statistics such as mean
(M), standard deviation (SD), and growth rate (W%)
were calculated to quantify strength improvements.

This study represents a rigorous attempt to empirically
evaluate the effectiveness of a targeted strength
development program. By addressing key strength
imbalances in Karate athletes, the findings aim to provide a
scientific basis for optimizing preparatory training
programs, reducing injury risks, and enhancing overall
athletic performance.

2. Methods and Materials

2.1. Research Design and Approach

This study utilized an integrative methodological
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framework encompassing document synthesis, statistical
analysis, pedagogical experimentation, and isokinetic
assessments. The primary objective was to evaluate the
impact of an 8-week strength training program on the peak
torque of key flexor muscle groups in Karate athletes.

2.2. Experimental and Control Groups

Two cohorts of male Karate practitioners from
VNU-HCM participated in the study. The EG, comprising
11 students, underwent a novel 8-week program grounded
in the principles of Bompa [6] and Kraemer & Fleck [7].
Meanwhile, the CG, consisting of 9 students, adhered to
their routine Karate training regimen without exposure to
the experimental protocol.

2.3. Strength Training Protocol

The strength training intervention for the EG was
strategically divided into two distinct phases:

1. Anatomical Adaptation Phase (Weeks 1-4): Designed
to condition the musculoskeletal system for
progressive  resistance, this phase involved
circuit-based training executed at moderate intensity
(60-75% of 1RM). Each training session included four
exercises targeting the major flexor muscle groups
(shoulder, elbow, hip, and knee), with 812 repetitions
per set, three sets per exercise, and a frequency of three
sessions per week.

2. Maximum Strength Development Phase (Weeks 5-8):
Focused on enhancing maximal force generation, this
phase employed a high-intensity regimen (90-95% of
IRM), with 3—4 repetitions per set and three sets per
exercise. Training frequency remained at three
sessions per week, utilizing multi-joint movements to
target the same muscle groups.

2.4. Strength Assessment

Muscle strength was quantitatively evaluated using the
Biodex System 4Pro-2012 device. Peak torque of flexor
muscles at four joints (shoulder, elbow, hip, and knee) was
measured at a controlled angular velocity of 60 degrees per
second, both pre- and post-intervention.

2.5. Statistical Analyses

Data were analyzed using SPSS 20.0 to ensure robust
and reproducible outcomes. Statistical techniques
employed included:

- Descriptive Statistics: Mean (M) and standard
deviation (SD) were calculated to summarize
participant characteristics and strength outcomes.

- Paired t-tests: Applied to detect significant
within-group changes in pre- and post-intervention
measurements.

- Independent t-tests: Used to compare performance
differences between EG and CG.

- Growth Rate (W%): Computed to quantify relative
strength improvements.

- Analysis of Variance (ANOVA): Where applicable,
ANOVA was employed to explore differences across
multiple comparisons.

- Statistical significance thresholds were set at (p <
0.05), ensuring scientific rigor and validity in
interpreting results.

3. Results

EG: The peak torque of the flexor muscles at the knee
and elbow joints increased significantly after the 8-week
intervention program, with growth rates ranging from
11.27% to 19.82%, particularly pronounced in the right
elbow flexor (p = 0.001).

The average peak torque in both arms and legs also
showed remarkable improvements (p < 0.05 to p < 0.01).

CG: There were no statistically significant differences
between pre- and post-intervention measurements (p >
0.05) for most parameters, except for the average peak
torque of the left knee (p = 0.043), which exhibited
minimal growth (1.28% to 2.50%).

The 8-week intervention program proved to be highly
effective in developing the flexor strength of the knee and
elbow joints in the experimental group, whereas no
substantial improvement was observed in the control group.
(See table 1)

3.1. Thigh Flexion

In the EG, the peak torque of both thighs increased
significantly after the training program:

- Right thigh: The highest growth rate (31.30%) was
observed, with a statistically significant level of p =
0.015.

- Left thigh: A growth rate of 19.00% was noted but did
not reach statistical significance (p = 0.052).

In the CG, the growth rates were minimal and not
statistically significant (p > 0.05). (See table 2)

3.2. Shoulder Flexion

The EG exhibited significant improvements in both
shoulders:
- Left shoulder: A growth rate of 28.94% with a
statistically significant level of p = 0.005.
- Right shoulder: A growth rate of 21.91% with p =
0.02.

The average peak torque of both shoulders in the
experimental group increased by 25.36% (p = 0.002).

In the CG, slight improvements were noted but were not
statistically significant for the right shoulder (p = 0.063)
and only reached statistical significance for the left
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shoulder (p = 0.045) (See table 3).

The results indicate that the 8-week training program
significantly enhanced the flexor strength of the thigh and
shoulder joints in the experimental group, whereas the

control group showed no meaningful changes. Notably, the
flexor strength of the shoulders and right thigh
demonstrated outstanding development, confirming the
efficacy of the intervention program.

Table 1. Variation of Peak Torque Moments at the Knee and Elbow Joints for EG and CG
Joint Group Mi: (Nm) = SD: M:(Nm)+SD: A(d)(Nm) W% t p

Knee Flexor (Left Leg) EG (n=11) 106.92 +£11.82 123.02 £10.56 16.1 14 3.98 0.002 **
CG (n=9) 107.49 £11.11 110.15 +10.87 2.66 244 1.97 0.067

Knee Flexor (Right Leg) EG (n=11) 114.12 +15.72 127.75 +£9.61 13.63 11.27 2.98 0.021 *
CG (n=9) 114.69 +£15.01 114.88 +£9.92 0.19 0.17 0.97 0.089

Average Knee Flexor EG (n=11) 110.52 £12.03 125.39 +£9.38 14.87 12.61 4.72 0.002 **

CG (n=9) 111.09 +£11.32 112.52 +9.69 1.43 1.28 271 0.043 *
Elbow Flexor (Left Hand) EG (n=11) 38.17 +3.16 43.34 £3.94 5.17 12.69 2.35 0.053
CG (n=9) 38.74 £2.45 39.23 +£4.25 0.49 1.26 0.34 0.105

Elbow Flexor (Right Hand)  EG (n=11) 40.13 £2.48 48.96 +1.06 8.83 19.82 7.03 0.001 **
CG (n=9) 40.70 £1.77 4173 £1.37 1.03 25 5.02 0.069

Average Elbow Flexor EG (n=11) 39.08 +1.29 46.15 +1.67 7.07 16.59 9.53 0.001 **
CG (n=9) 39.65 +0.58 39.87 +1.98 0.22 0.55 7.52 0.083

Notes:- M;: Mean peak torque before the intervention; - M,: Mean peak torque after the intervention; - A (d): Difference in peak torque values (M,
- M3); - W%: Percentage growth in peak torque; - t: t-test statistic.

Table 2. Variation of Peak Torque Moments in Thigh Flexion in EG and CG

Thigh Flexion

Group M: (Nm) £ SD: M: (Nm) £ SD: A (d) (Nm) W% t p
Left Thigh EG (n=11) 132.53 £38.62 160.36 +18.41 27.83 19 221 0.052
CG (n=9) 133.10 £37.91 138.64 £18.72 5.54 4.08 1.21 0.092
Right Thigh EG (n=11) 127.42 £31.33 174.70 £34.27 47.28 31.3 3.07 0.015 *
CG (n=9) 127.99 £30.62 136.42 £34.58 8.43 6.38 1.06 0.105
Average Both Thighs EG (n=11) 129.98 £33.96 167.53 £23.03 37.55 25.24 2.89 0.023 *
CG (n=9) 130.55 £33.25 138.34 £23.34 7.79 5.79 0.88 0.073
Table 3. Variation of Peak Torque Moments in Shoulder Flexion in EG and CG
Shoulder Flexion Group M: (Nm)£SD: M. (Nm) = SD: A (d) (Nm) W% t p
Left Shoulder EG (n=11) 37.48 +4.80 50.16 +7.18 12.68 28.94 3.98 0.005 **
CG (n=9) 38.05 +4.09 41.68 +7.49 3.63 9.11 2.03 0.045 *
Right Shoulder EG (n=11) 40.28 +6.70 50.19 +8.08 9.91 2191 2.95 0.020 *
CG (n=9) 40.85 +5.99 46.04 +8.39 5.19 11.95 0.94 0.063
Average Both Shoulders EG (n=11) 38.88 £5.23 50.17 £6.25 11.29 25.36 4.93 0.002 **
CG (n=9) 39.45 +4.52 43.07 +6.56 3.62 8.77 2.92 0.032 *
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4. Discussion

The primary objective of this study was to evaluate the
effects of an 8-week strength development program on
peak torque (Pt) of flexor muscle groups in the shoulder,
elbow, hip, and knee joints of male Karate athletes at
VNU-HCM. The findings of this study align well with the
original objectives, showing significant improvements in
the strength of key flexor muscle groups in the EG
compared to the CG.

The peak torque values for the hip flexor, shoulder
flexor, elbow flexor, and knee flexor muscles increased
notably in the experimental group after the intervention
program. For instance, in the hip joint, the right thigh
flexor muscle group showed a significant increase of
31.3% (p=0.015), while the left shoulder flexor
demonstrated a 28.94% increase (p=0.005). These results
reflect the successful implementation of a targeted strength
training regimen, which effectively addressed imbalances
in the key agonist muscle groups. In contrast, the control
group, which continued with their standard training,
exhibited only marginal improvements, with many results
failing to reach statistical significance.

The findings of this study are consistent with previous
research emphasizing the role of strength training in
enhancing athletic performance in combat sports,
particularly in Karate. Tudor Bompa [3], Bui et al. [12] and
Kraemer & Fleck [7] all highlighted the importance of
structured periodized strength training to address muscle
imbalances and improve performance outcomes. The
results of this study reinforce their theories, as the
experimental program incorporated anatomical adaptation
and maximum strength development phases, which
contributed to significant improvements in peak torque.

Previous studies have demonstrated similar outcomes in
Karate athletes subjected to plyometric and resistance
training. For example, Aminaei et al. [8] reported that
plyometric training improved explosive power and
strength in Karate players, particularly in lower limb
muscles. Similarly, Nowakowska et al. [9] found that
strength-focused interventions led to increases in both
upper and lower extremity strength among Karate
practitioners. This study extends those findings to a
specific Vietnamese population, providing valuable
regional data that fill an existing research gap.

The observed improvements in this study also correlate
with findings by Roschel et al. [11], who noted that
neuromuscular strength  directly influences Kumite
performance, particularly in explosive actions such as
kicks and punches. The significant increases in shoulder
and elbow flexor strength observed here further underline
the importance of upper-body strength for delivering
powerful strikes and maintaining defensive stances during
competition.

Effectiveness of Targeted Training: The 8-week
program significantly improved peak torque across

multiple joints, particularly in the hip and shoulder flexor
muscles, which are crucial for lower limb stability and
upper-body striking power. For instance, the average peak
torque of the shoulders in the experimental group increased
by 25.36% (p=0.002), a notable improvement that
highlights the efficacy of the program.

Focus on Flexor Muscles: Unlike many prior studies that
emphasize general strength training, this study specifically
targeted flexor muscle groups, addressing imbalances
between agonist and antagonist muscles. Tudor Bompa [6]
noted that reducing such imbalances minimizes the risk of
injury and enhances performance, a principle validated by
the results.

Regional Contribution: While most strength training
studies in Karate focus on Western or elite-level athletes [4,
5], this study provides valuable empirical evidence for
Vietnamese Karate athletes, a demographic with limited
representation in existing literature.

Significant Lower Limb Development: The results show
that the experimental group experienced a substantial
increase in right thigh flexor strength (31.3%, p=0.015)
and average knee flexor strength (12.61%, p=0.002). These
findings are particularly important as lower limb strength is
critical for explosive movements such as kicks, defensive
positioning, and body shifting in Kumite scenarios [1].

Although the role of strength training in improving
athletic performance has been well-established, this study
serves several critical purposes:

- Filling Research Gaps: While strength development
has been studied extensively in other sports, there is
limited data on Vietnamese Karate athletes. This
study provides specific insights into the peak torque
development of Vietnamese practitioners, thereby
addressing a regional knowledge gap.

- Tailored Interventions: The study validates the
effectiveness of a structured 8-week program tailored
to the needs of Karate athletes, particularly during the
preparatory phase of their training.

- Practical Applications: The findings offer concrete
recommendations for coaches and trainers to design
periodized strength programs aimed at improving
explosive strength and reducing injury risks in Karate
athletes.

The results of this study demonstrate that a carefully
designed 8-week strength training program significantly
enhances the peak torque strength of key flexor muscle
groups in the hip, knee, shoulder, and elbow joints of male
Karate athletes. Compared to the control group, the
experimental group showed statistically significant
improvements across multiple joints, particularly in the
right thigh flexor (31.3%, p=0.015), left shoulder flexor
(28.94%, p=0.005), and elbow flexors (16.59%, p=0.001).
These findings validate the importance of targeted strength
interventions during the preparatory phase of training, as
they address existing muscle imbalances and improve
athletic performance.
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The results align with previous research on strength
training in combat sports, reinforcing the conclusions of
Bompa [3] and Kraemer & Fleck [7]. The unique
contribution of this study lies in its focus on Viethamese
Karate athletes, providing valuable data that can inform
future research and training practices.

Recommendations

Based on the findings, the following recommendations
are proposed:

1. Incorporate Periodized Strength Training: Coaches
should implement periodized strength programs,
including anatomical adaptation and maximum
strength development phases, to optimize performance
and minimize injury risks.

2. Focus on Flexor Muscle Development: Special
attention should be given to flexor muscles in key
joints, as strengthening these muscles reduces
imbalances and improves explosive strength.

3. Expand the Research: Future studies should include
larger sample sizes and longer intervention periods to
validate these findings further. Additionally,
incorporating female Karate athletes and other age
groups could provide a broader understanding of
strength development needs.

4. Monitor Strength Progression: Regular assessments
using tools like the Biodex System should be
conducted to monitor strength progression and adjust
training programs accordingly.

In conclusion, this study highlights the critical role of
targeted strength training in enhancing peak torque
strength in Karate athletes. By addressing key muscle
imbalances and improving strength parameters, such
programs can significantly enhance athletic performance
and competitiveness.

5. Conclusions

The study confirmed that an 8-week structured strength
training program significantly enhances the peak torque
strength of key flexor muscle groups, particularly in the
hips, knees, shoulders, and elbows, for male VNU-HCM
Karate athletes. By addressing existing muscle imbalances,
this program improved athletic performance and reduced
the risk of injury. These findings highlight the critical role
of periodized strength training in competitive sports
preparation, providing a foundation for evidence-based
practice in Karate and similar disciplines.
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