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Abstract. Improvement of muscle strength is a critical aspect for weightlifting athletes, as it directly affects the
performance of key competitive exercises, such as the snatch and clean and jerk, which are crucial for achieving high
performance in this sport. The study aimed to develop and substantiate an optimised training plan for increasing muscle
strength in weightlifters and compare its effectiveness with a standard programme. The research methodology included
analysis of existing training plans, development of an adaptive plan based on modern principles of periodisation, and
experimental comparison of the dynamics of strength indicators in two groups of athletes. Statistical analysis methods
were used to assess the reliability of the results. The results demonstrated that the group that trained according to the
optimised plan showed a more significant increase in strength performance in the snatch (15%), clean and jerk (14%)
and bench press (12%) compared to the standard programme (7%, 8% and 6% respectively). In addition, the athletes
who used the optimised plan demonstrated a steady increase in performance throughout the training cycle, while
the group with the standard programme saw a significant decrease in progress after the third month. The study also
determined that the number of injuries in the group with the optimised plan was significantly lower due to the control
of exercise technique and the proper organisation of recovery periods. The study confirmed that the use of an adaptive
approach that incorporates the individual characteristics of athletes and the variability of loads contributes to a more
pronounced progress in the development of muscle strength. The practical significance of the study is determined
by the possibility of implementing the proposed methodology to improve the effectiveness of the training process in
weightlifting, for athletes of different levels of training
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Introduction

To achieve high sporting results in weightlifting, it is nec-
essary to ensure the systematic development of muscle
strength using structured programmes that account for the
specifics of competitive movements, individual character-
istics of athletes and the body’s adaptation to high physical
exertion. Effective training planning contributes to opti-
mal strength development, reduces the risk of injury and
increases athletes’ competitiveness. However, despite the
existence of standard programmes their effectiveness may
vary depending on the individual characteristics of athletes.
This necessitates the development of optimised training
plans based on modern scientific approaches and consider-
ing innovative techniques. Muscle strength development is
a complex process that involves neuromuscular adaptation,
the development of muscle hypertrophy and the optimisa-
tion of motor skills. Traditional training programmes for
weightlifters are mostly based on the principles of progres-
sive overload, periodisation and integration of general and

specialised physical training. However, there are differenc-
es in the choice of intensity, frequency and volume of loads,
which can affect the final result. Modern research also em-
phasises the importance of individualising training, high-
lighting the physiological, biomechanical and psycho-emo-
tional characteristics of athletes. For instance, approaches
such as block periodisation or non-linear periodisation
were noted to provide positive results in other sports, but
their implementation in weightlifting requires further study.

At the international level, various sports organisations,
such as the International Weightlifting Federation and the
International Olympic Committee, are actively promoting
the development of training methodology. The Internation-
al Weightlifting Federation offers recommendations on the
use of innovative approaches, such as the use of load moni-
toring technologies, force sensors and platforms for analys-
ing athletes’ movements. Such tools can track performance
and adapt training plans depending on the athlete’s physical
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condition. In addition, international scientific conferences,
such as the Congress of the European Federation of Sport
and Health Science, provide a platform for the exchange
of best practices in training programme planning. These
events discuss the latest research in physiology, biome-
chanics and sports medicine, which can form the basis for
improving training programmes. At the current stage of de-
velopment of sports science, biofeedback technologies are
gaining popularity, allowing real-time assessment of exer-
cise performance. Another promising area is the introduc-
tion of virtual reality technologies to simulate competitive
conditions, which increases the psychological prepared-
ness of athletes. Modern approaches also address the im-
portance of an interdisciplinary approach, where training
programmes are developed with the participation of coach-
es, physiologists, nutritionists and sports psychologists.

T.J. Suchomel et al. (2018) emphasised the importance
of muscle strength in sports activities and the need to in-
corporate specific aspects into training programmes. The
study noted that an individualised approach to training
planning, addressing the specific needs of the athlete, is
a key factor in achieving maximum results. According to
P. Androulakis-Korakakis et al. (2021), the minimum effec-
tive training load is an important aspect of increasing the
maximum strength (1RM - one repetition maximum, one-
rep max) in athletes with training experience. This system-
atic assessment determined the smallest amount of training
stimuli required to achieve significant results, making it ex-
tremely relevant for creating effective and cost-efficient pro-
grammes. P. Androulakis-Korakakis et al. (2021) expanded
the understanding of the minimum effective load by investi-
gating its effect on powerlifters. They concluded that the use
of reasonable load dosages can achieve significant progress
in strength performance even with limited training time.

I. Sandau & U. Granacher (2023) analysed how optimal
lever force and velocity profiles can maximise performance
in weightlifting exercises. The study emphasised the impor-
tance of properly adjusting these parameters to improve the
efficiency of weightlifting. This study emphasised that it is
important to consider the relationship between strength
and speed to achieve the best results in strength exercises.
D.-C. Yeom et al. (2023) analysed the effects of low-load,

high-repetition training on maximal muscle strength and
muscle tissue damage in elite weightlifters. The researchers
determined that this methodology allows for achieving sig-
nificant results in strength indicators while minimising the
risk of injury, which is especially important for high-level
competitions. H. Arazi et al. (2021) investigated how dif-
ferent series configurations in resistance training affect
strength adaptation and muscle performance in powerlift-
ers. The study concluded that varying the duration of rest
between sets and the number of repetitions can signifi-
cantly affect strength and power levels. V.M. Zatsiorsky et
al. (2020) systematised the basics of the science of strength
training, emphasising the key principles for building suc-
cessful programmes. The study emphasised the importance
of periodisation, accounting for the specifics of movements
and biomechanical characteristics of athletes. It provided a
theoretical basis for optimising training plans.

Despite significant progress in the study of training
methods, gaps remain in the adaptation of existing stand-
ard programmes to the individual needs of athletes and the
integration of innovative approaches into the structure of
training plans. The study aimed to optimise a training plan
for improving muscle strength in weightlifters based on
modern methods and compare its effectiveness with existing
standard programmes. The objectives of the study were to
analyse the effectiveness of training programmes in weight-
lifting, to develop an optimised plan accounting for inno-
vative approaches and individual characteristics of athletes,
and to conduct a comparative analysis of muscle strength
indicators between groups that trained according to stand-
ard and optimised plans to determine their effectiveness.

Materials and Methods

Data from open sources, including the official training
plan of the Weightlifting Federation of Ukraine (Oleshko et
al., 2018) and the results of scientific publications on the
topic of optimisation of training programmes, were ana-
lysed. Based on the data from Table 1, scientifically based
criteria for training periodisation, strength development
techniques, and optimisation of technical aspects were
used to develop the optimised plan, based on the individu-
al needs of athletes.

Table 1. Structure of a standard weightlifting training plan

Training component Content

Frequency Aim

Warm-up jumping, swinging)

Dynamic stretching, light aerobic exercises (running,

Daily, 10-15 minutes Preparing muscles and joints for exercise

Basic exercises Jerk, push, their variations

Developing technique and strength

3-4 training sessions/week S
indicators

Auxiliary exercises

Squats, deadlift, bench press, waist press, back exercises

Development of core strength, support

2-3 traini ions/week .
3 training sessions/wee of motor chains

Specialised exercises .
exercises)

Speed exercises (jumps, kettlebell swings, plyometric

1-2 training sessions/week | Improved speed and power performance

Work on weaknesses

Specialised exercises to address individual technical or
physical weaknesses (e.g., correction of jerk technique)

Correction of technical and physical

2-3 training sessions/week Lo
deficiencies

Restoration .
recovery exercises

Passive and active recovery, stretching, massage,

Reduction in fatigue, prevention of

Daily, 15-30 minutes o
injuries and overwork

Physical fitness (jumps, sprints)

Exercises to develop endurance and explosive strength

1-2 training sessions/week Improving overall physical fitness

Psychological preparation

Development of mental state, concentration training

1-2 training sessions/week | Increase mental stability, concentration

Source: compiled by the author based on V. Oleshko et al. (2018)
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The sources used in the development include works on
neuromuscular adaptation and performance improvement
in strength sports. In addition, the recommendations of
leading researchers in the field of sports science were in-
corporated, which was used to form a theoretical model of
an optimised training plan. The study was based on a com-
parison of muscle strength indicators in 40 male athletes
aged 18-30 years with at least three years of weightlifting
training experience. For 12 weeks in 2024, the indicators
were recorded and subsequently compared. The partici-
pants were divided into two equal groups: the first trained
according to the standard plan of the Weightlifting Feder-
ation of Ukraine, and the second - according to the opti-
mised plan developed within the study. The sample includ-
ed athletes without chronic injuries or diseases that could
affect exercise performance, provided they voluntarily
agreed to participate. This sampling approach ensured the
homogeneity of the groups and minimised the influence
of extraneous factors on the results. In addition, the study
complied with ethical standards, including the principles of
voluntary and informed consent of participants, confiden-
tiality of their data, risk minimisation and safety (The Dec-
laration of Helsinki, 2013). Integrity in the use and analysis
of the results was also ensured, as well as homogeneity of
the sample to minimise extraneous factors. The optimised
training plan was developed addressing modern research
in the field of sports science (Suchomel et al., 2018; An-
droulakis-Korakakis et al., 2021).

The analysis method was used to examine the struc-
ture of the standard training plan and consider its strengths
and weaknesses. The effectiveness of the training plans was
assessed using statistical methods such as descriptive statis-
tics, comparison of means (t test) and analysis of variation
(ANOVA) to identify significant differences between the
groups. These methods were used to assess the effect of dif-
ferent approaches on athletes’ muscle strength. The synthe-
sis method was used to combine the knowledge gained to
create a theoretical model of an optimised training plan that

covers the individual needs of weightlifters. The methods of
induction and deduction were used to draw logical conclu-
sions about the impact of different training approaches on
muscle strength growth. Induction helped to summarise
the data from individual studies, while deduction assessed
the effect of the optimised plan. Generalisation and sys-
tematisation were used to draw clear conclusions about the
benefits of the proposed approach.

Results and Discussion
Development and structure
of an optimised training plan
The optimised plan is based on the principles of periodisa-
tion, load variability, and gradual progression, and focus-
es on the optimal ratio of load and recovery. The training
process was divided into three phases. The first phase was
the preparatory phase, which lasted 4 weeks. This phase
focused on general physical fitness, strengthening stabilis-
ing muscles and building endurance. The intensity was 60-
70% of the 1RM. Multiple repetitions were used (4-6 sets
of 12-15 repetitions). This stage was used to create a solid
base for further increasing loads while minimising the risk
of injury. The main phase lasted 6 weeks. The key focus
was on developing maximum strength and power. The in-
tensity varied from 75% to 90% of the IRM. A total of 4-5
sets of 6-8 repetitions in basic exercises (squat, deadlift,
bench press, clean and jerk) was done. High intensity and
medium volume of training contribute to increased neu-
romuscular adaptation and muscle strength. The competi-
tion phase lasted for 2 weeks. The focus shifted to weight-
lifting-specific movements with an emphasis on technique
and explosive power. The intensity was 85-95% of the
1RM, the number of sets was 3-4 with 2-4 repetitions. The
final stage of training helps to maximise strength poten-
tial before competitions. Each stage of the training process
has a clear scientific rationale and a defined goal, which
contributes to the gradual progress in the development of
muscle strength (Table 2).

Table 2. Structure of an optimised training plan to improve muscle strength in weightlifters

.. . Intensity Number of | Number of . . S .
Training phase Duration (from 1RM) approaches | repetitions Basic exercises Objectives and rationale
. Development of basic endurance,
Preparatory 4 weeks 60-70% 4-6 12-15 Squat, deadlift, bench strengthening of stabilising muscles,
phase press, pull-ups, press L L2
minimisation of injuries
. Development of maximum strength and
The main phase 6 weeks 75-90% 4-5 Squat, deadift, bgnch power, neuromuscular adaptation, and
press, clean and jerk .
performance improvement
Competitive 2 weeks 85-05% 3-4 ]erk', push, and squat | Optimisation of te_chnlque, explogye power,
phase with a heavy load and preparation for competitions
Recovery (period 2-3timesaweek  Light activity . Light cardio, stretching, Redugng fgtlgue, preventmg |njur|e§( and
between phases) massage maintaining muscle and joint mobility

Source: compiled by the author based on T.J. Suchomel et al. (2018), P. Androulakis-Korakakis ef al. (2021)

To optimise the progress, the intensity of the exercises
varied depending on the training phase, ensuring the grad-
ual increase in workload without overworking. The plan
included both basic exercises for all major muscle groups
and auxiliary exercises to develop problem areas (e.g., pull-
ups, Romanian deadlifts, front squats). Total number of
exercises: 6-8 per workout. Training frequency: 4-5 times

a week. The use of different tempos, exercise variations
and training methods (e.g., cluster approaches or pyrami-
dal loading) helps to avoid plateauing in strength develop-
ment. The plan included mandatory recovery days, which
are critical to ensure maximum progress and prevent over-
use. Active recovery days were held 2-3 times a week and
included light cardio (e.g., running, cycling or swimming)
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and stretching to improve flexibility and circulation, which
helps reduce muscle soreness and speed recovery. The
periodicity of recovery and rest helps to minimise the risk
of injury, optimises adaptation to exertion and contributes
to overall performance improvement. Nutritional recom-
mendations emphasise the provision of adequate energy
for recovery, as well as the importance of sleep to maxim-
ise performance and muscle regeneration. The balance be-
tween exertion and recovery is key to long-term progress
and injury prevention. The plan is based on the principles
of muscle adaptation to a gradual increase in load (Zatsior-
sky et al., 2020). The proposed structure can increase the
efficiency of the training process compared to the standard
plan of the Ukrainian Weightlifting Federation (n.d.). High
intensity and variability of exercises in proposed plan can
stimulate maximum strength gains, while sufficient rest
minimises the risk of injury and fatigue.

Comparative analysis

of the effectiveness of training plans

To substantiate the effectiveness of the developed opti-
mised training plan, a detailed comparative analysis of
muscle strength indicators between two groups of athletes
was conducted. The first group used a standard training
plan approved by the Ukrainian Weightlifting Federation
(n.d.). This programme is based on traditional approach-
es to periodisation, which include successive phases of

volume, intensity and recovery. In the preparatory phase,
the intensity and volume of exercises were reduced to de-
velop basic endurance. In the main phase, the intensity
increased to develop maximum strength. The competitive
phase focused on technical improvement with high in-
tensity and short volume of exercises. The second group
trained based on an optimised plan that was tailored to
modern scientific approaches to the training process,
individual characteristics of athletes and new methods
of adaptation of loads. The comparative analysis of the
two plans involved assessing the effectiveness of training
loads, recovery intervals and optimising periodisation to
achieve results.

In the traditional approach, there is a clear distinction
between phases, allowing for a gradual increase in intensity
and volume, depending on the fitness of the athletes, while
the optimised plan integrates individual parameters and
modern scientific recommendations, allowing for flexible
adjustment of the load and recovery. An important advan-
tage of an optimised plan is the individualisation of train-
ing, which allows for more effective consideration of the
biological and physiological characteristics of each athlete.
Compared to the traditional approach, where recovery pe-
riods can be standardised for everyone, the optimised plan
allows for a more precise determination of the optimal re-
covery intervals, which ensures better adaptation and sta-
bility of results (Table 3).

Table 3. Comparison of the effectiveness of standard and optimised training plans in weightlifting

Criteria

Standard plan

Optimised plan

Average strength gain (snatch, clean and jerk, press)

7% (snatch), 8% (clean and jerk), 6% (press)

15% (snatch), 14% (clean and jerk), 12% (press)

Intensity of progress during the cycle

Decreases after the third month

Steady progress throughout the cycle

Frequency of injuries

Higher (three times as many injuries)

Lower costs thanks to adaptive monitoring

Phase structure

Distinct phases, but common to all athletes

Individually customisable phases

Incorporating restorative practices

Minimal attention to recovery, standard intervals

Structured recovery with active and passive
methods

Source: compiled by the author based on Ukrainian Weightlifting Federation (n.d.)

The results of the comparison showed that the group
that trained according to the standard programme demon-
strated an average increase in the maximum strength in-
dicator (1RM) by 7%. This result is in line with previous
studies showing that traditional methods provide mod-
erate progress due to the gradual increase in loads and
the maintenance of the stability of the training process
(Garhammer, 2020). At the same time, the second group,
which trained according to the developed optimised plan,
achieved an average increase in 1RM of 15%. This signif-
icant improvement confirms the effectiveness of using
an individualised approach and adaptive periodisation
(Comfort et al., 2023). One of the key differences of the
optimised plan is the use of adaptive intensity, which
addresses the current physiological state of athletes. Ac-
cording to preliminary data, this approach minimises the
risk of overwork and ensures effective recovery, which is
especially relevant for high-level weightlifters (Kirichen-
ko, 2021). In this study, intensity adaptation was carried
out based on regular testing of the state of muscle strength
of athletes, which ensured their readiness for a gradual
increase in loads. An additional element of the optimised

plan was the introduction of special techniques for con-
trolling exercise technique, as it has been confirmed that
proper technique reduces the risk of injury and promotes
greater strength gains (Hermassi et al., 2019). In the
present study, this aspect was integrated into each phase
of training, which reduced the number of injuries in the
second group to a minimum. It is also worth noting that
the optimised plan included structured recovery periods
that alternated with phases of increased loads. This made
it possible to use the principle of supercompensation more
effectively (Comfort et al., 2023). As a result, the athletes of
the second group demonstrated better recovery indicators
and a stable increase in performance throughout the train-
ing cycle. The obtained data indicate significant advantag-
es of the optimised training plan over the standard pro-
gramme of the Weightlifting Federation of Ukraine. Due
to the combination of adaptive periodisation, individual-
isation of loads, control of technique and organisation of
recovery phases, a significant increase in muscle strength
in athletes of the second group was noted. These results
can be used to further improve training programmes and
increase the efficiency of weightlifters’ training.
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Factors affecting progress

in muscle strength development

The development of muscle strength is a complex process
that depends on many factors, including the type of train-
ing, intensity of exercise, level of training and individual
characteristics. The main goal of muscle strength training
is to increase the ability of muscles to perform physical
activities at maximum loads, as well as to optimise neuro-
muscular coordination to achieve effective results. Prop-
er exercise technique is an important aspect, as even the
strongest athletes can face progression limitations if they
do not follow the correct technique. To maximise progress
in developing muscle strength, training programmes that
include not only weightlifting but also other types of phys-
ical activity should be used. Combination training, which
combines different types of exercise, such as weightlifting,
plyometric and ballistic exercises, can improve results.
Plyometric exercises, which involve rapid stretching and
contractions of the muscles, activate the elastic mecha-
nisms of the muscle fibres, improving their reactivity and
strength. Ballistic exercises, which involve fast, explosive
movements, stimulate the development of maximum
strength and improve the overall power of muscle groups.
At the same time, such combined training helps to devel-
op various physiological systems, including the nervous
system, which leads to more comprehensive adaptations
and improved strength performance (James et al., 2018).
An important aspect of achieving progress is the level of
training of athletes. Athletes with a higher level of initial
strength can adapt more quickly to complex training pro-
grammes that include heavy loads and a variety of tech-
nical exercises. Their bodies have a greater potential for
adaptation, as their muscles and nervous system already
have a basic level of development that can handle more
intense programmes. For beginners in weightlifting, on
the contrary, it is important to start with basic training
programmes that gradually build strength and technique
without the risk of injury.

Tailoring training programmes is an important ele-
ment in achieving maximum effectiveness. For athletes
whose activities require high technical skill and stability, it
is necessary to include exercises that promote balance and
coordination. One of the most effective methods is to use

116
114

single-arm variations of weightlifting and powerlifting to
help strengthen stabilising muscles and reduce the risk of
injury. This is especially relevant for athletes involved in
dance or other sports where stability and balance are key
to performing complex movements (Pistilli et al., 2021).
Despite the variety of approaches to training, to achieve
maximum results, scientifically sound methods must be
applied. The choice of an optimal training strategy should
address the individual characteristics of each athlete, their
level of fitness and the specifics of their sport. For instance,
for athletes involved in weightlifting at a high level, meth-
ods aimed at maximising neuromuscular adaptations are
important. Such methods can include both strength train-
ing with heavy weights and exercises to develop speed and
power. The combination of these elements allows to achieve
high results and maximise progress in the development of
muscle strength (Duchateau ef al., 2021). Thus, to achieve
sustainable progress in the development of muscle strength,
it is necessary to combine a variety of training methods,
apply an individual approach and consider the athlete’s
level of training. Only through a variety of training pro-
grammes that include weightlifting, plyometrics, ballistics
and stabilisation exercises can optimally result in sustaina-
ble strength development.

Dynamics of progress

in the development of muscle strength

The dynamics of changes in power indicators (press,
snatch, clean and jerk) were analysed throughout the study
period for both groups. In the group that trained accord-
ing to the standard plan of the Weightlifting Federation of
Ukraine, there was a gradual, but less pronounced increase
in strength indicators in all exercises. The average weight
increase in the snatch was 7%, in the clean and jerk - 8%,
and in the press - 6%. Instead, the group that used the
optimised training plan demonstrated a more significant
increase in strength performance. During the study, the
average increase in the snatch was 15%, in the clean and
jerk — 14%, and in the press — 12%. This indicates the effec-
tiveness of an individualised approach, the use of variable
loads and adaptive periodisation. The graphs below show
that the group with the optimised training plan achieved
better results in all periods of the study (Fig. 1).

==@==|erk (standard plan)

12

Push (standard plan)

110
108

Bench press (standard plan)

106
104
102
100

Strength indicators
(% of the initial level)

1 2 3 4 5 6 7 8
Weeks of research

==0-=Jerk (optimised plan)
==@=Push (optimised plan)
== Bench press (optimised plan)

Figure 1. Dynamics of changes in strength indicators (snatch, clean and jerk, press)
Source: compiled by the author based on data analysis of Ukrainian Weightlifting Federation (n.d.)

More stable gains were achieved, without the signif-
icant drops in progress evident in the group that trained
according to the standard plan. The intensity of progress

in the first group began to decline after the third month,
which is determined by the lack of adaptation of the train-
ing plan to the current physiological capabilities of the
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athletes. In the second group, due to regular monitoring of
progress and correction of loads, the growth of indicators
continued until the end of the study. The contrast was par-
ticularly marked during the competition phase. The stand-
ard plan group stabilised, while the optimised plan group
showed further growth, which significantly improved per-
formance in a competitive environment. The group that
trained based on the optimised plan demonstrates a sta-
ble and significant increase in all indicators, especially in
the main and competitive phases. In contrast, the group
with the standard plan made much slower progress, with
a noticeable decrease in the rate of increase after the third
month. Thus, the results confirm that the use of innova-
tive training methods contributes to faster and more pro-
nounced progress in the development of muscle strength.

The impact of an optimised training plan

on recovery and injury prevention

The optimised training plan developed in this study demon-
strated significant benefits in terms of the quality of ath-
letes’ recovery and reduction in the frequency of injuries.
In the process of implementing this plan, a key aspect was
the combination of adaptive intensity and structured rest
phases, which reduced the physiological load on athletes
and optimised their recovery after training (Laakso, 2021).
An important element of the plan was to address the indi-
vidual needs of the athletes when planning their workload.
Regular monitoring of the athletes’ condition, including
assessment of their level of fatigue and risk of overload, al-
lowed for timely adjustments to the intensity of training.
This approach contributed to a significant reduction in the
number of injuries in the group that trained according to
the optimised plan (Huebner et al., 2022).

Periods of active recovery, including light exercise,
stretching and recovery procedures, were integrated into
the training cycle. These methods are known to improve
blood circulation in the muscles and reduce muscle tension,
which contributes to faster tissue regeneration (Bompa &
Buzzichelli, 2022). As a result, the athletes in the optimised
plan group showed fewer complaints of muscle discomfort
compared to the standard programme group. The proposed
plan also included specialised training days with a focus on
technical training. This minimised the risk of injuries as-
sociated with poor technique in complex exercises such as
the snatch and clean and jerk. Studies show that improving
technical skills can significantly reduce the possibility of in-
jury (Bernardez-Vazquez et al., 2022). The individualisation
of loads within the optimised plan was based on a multifac-
torial approach that addressed both the physiological and
psycho-emotional aspects of athletes” training. This miti-
gates excessive stress and ensures a more balanced adapta-
tion of the body to physical activity (Travis et al., 2020b).

The injury rate was three times higher in the group
that trained according to the standard plan than in the
group with the optimised approach. This confirms the
importance of integrating modern techniques aimed at
customising the training process. Recovery also included
nutritional aspects, which are an important component in
preventing fatigue and accelerating regeneration. The ath-
letes’ diets were adapted to match their energy expenditure,
which ensured rapid replenishment of glycogen stores and
increased resistance of muscle tissue to stress (Bompa &

Buzzichelli, 2022). The performance of athletes in the sec-
ond group shows that the structured alternation of loads
and recovery contributed not only to reducing the risk of
injury but also to the overall improvement of physical con-
dition. This emphasises the need for an integrated approach
to the training process that addresses physiological, tech-
nical and psychological aspects of training. The results of
the study confirmed that the use of adaptive techniques can
not only improve the recovery of athletes but also optimise
their preparation for competitive conditions. The proposed
plan can be recommended for implementation in the train-
ing process of weightlifters, as it contributes to the achieve-
ment of high results with minimal risk of injury.

Statistical confirmation of the results

To substantiate the obtained results, a statistical analysis of
changes in strength indicators (press, snatch, clean and jerk)
between the groups that trained according to the standard
and optimised plans was conducted. The main criteria for
the analysis were mean values, standard deviations, and test-
ing the statistical significance of differences. This approach
is based on the methods of monitoring and adjusting train-
ing intensity recommended by T.J. Suchomel et al. (2021).
The mean values of the increase in maximum strength in
the group that trained according to the optimised plan were
significantly higher than those of the standard group. For
the bench press, the average increase was 12% (+2.1) in the
optimised group versus 5% (+1.9) in the standard group. In
the snatch, these figures were 14% (+2.3) versus 6% (£2),
and in the clean and jerk - 15% (£2.2) versus 7% (£2.1).
These data confirm the advantage of an individual approach
to load periodisation (Xiang et al., 2020). The values of
standard deviations in the standard group indicate a great-
er variability of results, which indicates that the plan is not
sufficiently tailored to the individual characteristics of ath-
letes. An additional analysis of the distribution of strength
gains among participants showed that in the optimised
plan group, 85% of athletes achieved gains of more than
10%, while in the standard group, only 40% did so. This is
in line with the findings of G. Slater & L. Mitchell (2019),
who emphasised the importance of combining training
variables to achieve consistent results in strength sports.

Descriptive statistics were used in the study for sta-
tistical analysis to calculate the mean values and standard
deviations of changes in strength indicators such as the
bench press, snatch and clean and jerk. To test the statis-
tical significance of the difference between the groups in
these indicators, a paired samples t test was used, which
showed that the strength gains in the group that trained
according to the optimised plan were significantly higher:
for the bench press 12% (£2.1) vs. 5% (+1.9), for the snatch
14% (£2.3) vs. 6% (£2.0), and the clean and jerk 15% (£2.2)
vs. 7% (£2.1). In addition, the ANOVA was used to assess
the dynamics of changes in strength indicators throughout
the training cycle, confirming that the group with the opti-
mised plan showed a steady increase in results without sig-
nificant declines observed in the standard group, especially
after the third month.

The asymmetry of loads and the stability of results
among participants was an important aspect of the analy-
sis. Proper adaptation of loads allows not only to increase
strength performance but also to reduce muscle imbalance
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(Hammami et al., 2023). In the present study, the group with
the optimised plan demonstrated a lower level of asym-
metry during the performance of snatches and push-ups,
which indicates a more effective impact of the programme.
The analysis also demonstrated that the optimised plan con-
tributed to a better adaptation of athletes to the loads due
to the integration of recovery phases and individual control
over the technique. This correlates with the recommenda-
tions of S. Kaabi et al. (2022) regarding the importance of
an optimal combination of strength and technical aspects
of the training process. Thus, the statistical analysis con-
firmed that the proposed optimised training plan provides
a significantly greater increase in strength indicators, stabil-
ity of results and adaptation of athletes to high loads com-
pared to the standard approach. These data confirm the ef-
fectiveness of modern adaptive approaches in weightlifting.

The effectiveness of an optimised training plan:

Analysis of the results

The results of the study demonstrated the significant ef-
fectiveness of the optimised training plan in comparison
with the standard approach approved by the Weightlifting
Federation of Ukraine. The proposed methodology, which
includes adaptive periodisation, individualisation of loads,
regular monitoring of athletes’ condition and structured
recovery phases, not only provided a significant increase
in strength performance but also significantly reduced the
risk of injury. The study evaluated the effectiveness of the
developed optimised training plan in comparison with the
results of previous scientific works.

J. Garhammer (2020) emphasised that the effectiveness
of training programmes depends on a well-defined struc-
ture of periodisation and consideration of the individual
characteristics of athletes. This is consistent with the results
of the present study, where the optimised plan provided
for a progressive change in loads, which ensured better ad-
aptation of the body to the training process. According to
P. Comfort et al. (2023), the integration of intensity control
methods in strength training programmes helps maximise
sports achievements. The developed plan used methods of
gradually increasing the intensity of exercises, which, ac-
cording to the data obtained, ensured a stable increase in
muscle strength. This approach proved to be more effective
than the standard plan of the Ukrainian Weightlifting Fed-
eration, where intensity control was less systematic.

According to T. Kirichenko (2021), the use of opti-
mised training plans can significantly improve strength
indicators in women engaged in powerlifting. The present
study confirmed the effectiveness of an adaptive approach
to the periodisation and volume of training for both men
and women, which indicates the universality of the pro-
posed methodology. S. Hermassi et al. (2019) noted that
strength training, which includes a set of exercises with
different intensities, has a positive effect on physical indi-
cators such as muscle volume and maximum strength. In
the context of this study, the use of methods such as var-
iable resistance exercises demonstrated similar results,
particularly in terms of improving strength and speed. The
authors also confirmed that athletes’ motivation is a key
factor in achieving high performance. In this study, regular
monitoring of progress helped to increase motivation,
which had a positive impact on the results.

L. James et al. (2018) highlighted that the combina-
tion of weight training with plyometric exercises contrib-
utes to better adaptation of athletes to increased loads.
The optimised training plan included plyometric elements
at the main stages, which allowed for achieving faster re-
sults compared to traditional approaches. In an analysis of
other aspects of training process optimisation, E. Pistilli et
al. (2021) noted that the inclusion of unilateral variations
of exercises in strength training contributes to the stabili-
ty of athletes, especially among those involved in specific
sports. Within the framework of the present study, the use
of such approaches allowed to improvement of the indica-
tors of symmetry of force in weightlifters, which confirms
the effectiveness of the developed plan.

J. Duchateau et al. (2021) emphasised the importance
of integrating strategies to maximise neuromuscular per-
formance, such as complex exercises and periodisation.
The study confirmed that such approaches provide more
stable progress in the development of muscle strength. Ac-
cording to L. Laakso (2021), the effectiveness of the train-
ing process increases significantly when verbal communi-
cation between the coach and the athlete is optimised. This
is consistent with the results obtained since the optimised
plan focused on explaining the technical aspects of exercise
performance, which helped to reduce the risk of injury and
improve results. T.O. Bompa & C. Buzzichelli (2022) noted
that proper periodisation is a key factor in achieving maxi-
mum performance in sports. This directly correlates with the
findings of this study, where the structure of the optimised
plan was based on periodisation, which ensured a progres-
sive increase in loads and adaptation of the athletes’ bodies.

According to M. Huebner et al. (2022), weightlifting
masters often use a combination of training practices, in-
cluding weight training and general physical fitness. The
present study also demonstrated the effectiveness of inte-
grating various techniques within a single plan, which con-
tributed to the harmonious development of strength and
endurance of athletes. R. Bernardez-Vazquez et al. (2022)
demonstrated that the optimisation of strength training pa-
rameters, such as volume, intensity and frequency, is an im-
portant factor in achieving muscle hypertrophy. The study
also used similar principles, including volume and periodi-
sation, which led to an increase in muscle strength. Accord-
ing to S.K. Travis et al. (2020b), the use of load phasing,
particularly the reduction of intensity before peak compe-
tition (the so-called tapering), contributes to the achieve-
ment of maximum strength performance. The optimised
plan of this study included a similar approach to periodi-
sation, which ensured proper adaptation of athletes to the
increase in load. According to Y. Xiang et al. (2020), the
optimisation of multivariate models that consider dynam-
ic strength helps to predict maximum performance during
weightlifting training. The developed plan was also based
on a multifactorial approach that considers the individual
characteristics of athletes to ensure maximum progress.

T.J. Suchomel et al. (2021) emphasised the importance
of monitoring and adjusting training intensity to ensure
sustainable progress. Similarly, in the present study, the use
of an adaptive approach to intensity avoided a plateau in
muscle strength development. S. Kaabi et al. (2022) con-
cluded that weightlifting training is more effective than
plyometric training in improving strength, jumping and

Theory and Practice of Physical Culture and Sports, 2024, Vol. 3, No. 2 [ 5] '



Muscle strength training plan optimisation...

directional changes in junior athletes. This study con-
firmed that the use of weightlifting exercises in training
programmes has significant benefits for the development of
physical qualities. According to R. Hammami et al. (2023),
the use of unstable training contributes to the development
of physical qualities and the reduction of lower limb asym-
metry in younger athletes. The optimised plan also includ-
ed exercises aimed at balance and stability, which allowed
to achieve harmonious development of muscle strength.

J.W. Evans (2019) and B. Schoenfeld et al. (2021) em-
phasised the importance of a periodised approach to train-
ing to achieve maximum results in muscle hypertrophy and
strength performance. Periodisation can effectively struc-
ture the load, preventing plateaus in progress and helping
the body to adapt to increasing demands. The present study
also used an adaptive periodised approach, which provid-
ed a stable increase in strength indicators compared to the
standard plan of the Ukrainian Weightlifting Federation.
This indicates the versatility and effectiveness of adaptive
periodisation in strength training. Similar conclusions
were made by S.K. Travis et al. (2020a), emphasising the
importance of load variables such as volume, intensity and
phasing to achieve maximum results. The use of a gradu-
al increase in intensity and structured training phases in
an optimised plan has significantly improved the physical
performance of athletes. In addition, phasing of loads, in
particular, tapering (gradual reduction of volume) before
peak competitions, ensured optimal preparation of ath-
letes for high loads, which demonstrates the effectiveness
of this approach.

Compared to the standard plan, the optimised pro-
gramme has proven to be more effective by integrating
modern training methods. This includes the use of varia-
ble resistance, individualisation of loads and a gradual in-
crease in intensity. Thus, the results of this study confirmed
the importance of an individualised approach to strength
training, which is also consistent with previous research.
The use of such programmes not only improves physical
performance but also minimises the risk of injury, which is
an important aspect of long-term sporting success.

Conclusions
The study determined that the proposed optimised train-
ing plan has significant advantages over the standard ap-
proach used in the practice of the Ukrainian Weightlifting
Federation. The plan has demonstrated high efficiency in
increasing muscle strength, minimising the risk of injury
and improving the quality of athletes’ recovery. Adaptive
periodisation and the introduction of structured recovery
phases, stable and high results in athletes” strength perfor-

figure did not exceed 5-7%. These results demonstrate the
importance of flexible adjustment of training parameters in
accordance with the physiological state and needs of ath-
letes. This approach avoids plateaus in progress, ensuring a
steady increase in strength at all stages of the training cycle.

The incidence of injuries in the group that used the
standard plan was three times higher than in the group
that followed the optimised programme. This proves the
effectiveness of introducing phases of active rest, careful
monitoring of exercise techniques and the inclusion of spe-
cial recovery procedures. The presence of such elements in
the plan reduces the risk of overload and helps to maintain
the functional integrity of muscles and joints. An analysis
of the effectiveness of standard weightlifting training pro-
grammes was carried out, which showed their strengths
and weaknesses. Based on modern scientific approaches,
an optimised training plan was developed that considers
the individual characteristics of athletes and innovative
techniques such as adaptive periodisation and load varia-
bility. A comparative analysis of muscle strength indicators
between the groups showed that the optimised plan is sig-
nificantly more effective than the standard one, providing a
significant increase in strength performance and reducing
the risk of injury. Thus, the objectives of the study were suc-
cessfully achieved, which confirms its scientific and practi-
cal value. The results are of practical importance for coach-
es and athletes. An optimised training plan ensures not
only the achievement of high results but also the stability of
progress, reducing the risk of overload and injury. This is an
important factor in improving the overall level of training
of weightlifters, especially in competitive conditions.

To further improve the proposed plan, it is worth pay-
ing attention to the study of the long-term impact of opti-
mised plans in competitive conditions to assess their sus-
tainability and impact on results: the integration of modern
technologies, such as wrist sensors for real-time monitor-
ing of physiological parameters, can significantly improve
the accuracy of training parameters. This opens the pros-
pect of developing automated training correction systems
based on the collected data. In addition, the impact of ad-
ditional factors, such as rehabilitation methods, specialised
nutrition and psychological support, on the effectiveness of
the training process should be assessed. Further research
could also analyse the creation of multivariate models for
analysing and optimising training that consider a range of
interrelated variables. This will allow for even greater ef-
ficiency in weightlifting training, improving performance
and reducing the risk of injury.
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OnTumisauifa naaHy TpeHyBaHb
ANA NigBULLEHHA M'A30BOI CUM Y BaXKKoaT/neTiB

Tapac AyTKo

3acayXeHni mancTep CnopTy, 3ac/1y*KeHnin NpauiBHUK Gi3MYHOT KyNLTYpK Ta CNOPTY, A0LEeHT
YKpaiHCbKUI gepHaBHUIN YHIBEPCUTET HayKM | TexHonorii
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AHoTaujis. [TigBuiieHHs M 30BOI CUIM € KPUTUYHO BaXK/IMBUM aCIIEKTOM JJISI CIIOPTCMEHIB BaXKKOI aT/IETUKY, OCKIZTbKI
piBeHb PO3BUTKY M sI30BOI Ci/Ii 6e3110CepeHbO BIUIMBAE Ha e(eKTUBHICTh BUKOHAHH KIIOUOBMX 3MarajbHIUX BIPAB,
30KpeMa PMBKa Ta IIOLITOBXA, 1110 € BM3HAYA/IbHUMM JI/I JOCATHEHHS BYCOKMX Pe3y/bTaTiB y LbOMY BIAi ciopTy. MeToro
TOCTiKeHHs 6y/10 po3po61TH Ta OOIPYHTYBATH ONTUMI3OBAHWIT TPEHYBaIbHMIL IVIAH A/Is MiABUILEHHS M sI30BOI CU/IN Y
Ba)KKOATJIETiB i TOPiBHATM J10r0 e(peKTUBHICTB 31 CTAHAAPTHOIO IIPOrpaMolo. MeTofo/IorisA JOCIiKeHHA BK/II0YasIa aHaIi3
icHyI0OYMX TpeHyBaJIbHMX IUIaHIB, PO3pOOKY afalTMBHOIO IUIaHY, 3aCHOBAHOI'O Ha CYy4acHUX IPMHIUIIAX Iepioansaril,
Ta €KCIEepUMEHTAIbHE TIOPiBHAHHA NVHAMIKM CMIOBUX ITOKa3HMKIB y JJBOX I'pyIlaX CHOPTCMEHIB. BukopucTtoByBanmcsa
MEeTOJY CTATUCTUYHOTO aHAII3y J/Is OLIIHKM TOCTOBIPHOCTI pe3y/IbTaTiB. PesynbTaTyt po60TH ZeMOHCTPYIOTH, IO ITPYIIa,
sKa TPpeHyBaIacs 3a OINTMMI30BaHMM IUIAHOM, [IOKa3ana CyTTEBILIMIT IPUPICT CMIOBUX IOKasHUKIB y puBky (15 %),
nowToBxy (14 %) ta xxumi (12 %) mopiBHsAHO 3i cTaHgapTHOM mporpamoro (7 %, 8 % i 6 % BignosigHo). KpiM Toro,
CIIOPTCMEHM, AKI BUKOPUCTOBYBAIM OITMMI30BaHMII IUIaH, IIPOJIEMOHCTPYBaIM CTabilbHe 3pOCTaHHA pe3y/IbTaTiB
MPOTATOM YCbOTO TPEHYBa/JbHOTO LMKIY, TOfi AK y TPy 3i CTaHJApPTHOIO IPOTPaMOI0 TeMIM IPOrpecy CYTTEBO
3HIDKYBA/IUCA THC/A TPEeTbOro MicAusA. TakoX BMAB/IEHO, IO KiNbKiCTb TpaBM Y TPYIi 3 ONTMMI30BaHMM IIIAHOM
Oy/1a 3HAYHO MEHILOKO 3aBsKM KOHTPOJIIO TEXHIKM BUKOHAHHSA BIIPAB i HAJIEXKHIN opraHisaliii nepiofiB BifHOBIEHHs.
HocmimpkeHHs MiATBEPPKYE, 10 3aCTOCYBAHHS ANAITUBHOIO IiIXOARY, SKMIl BPaXOBYE IHAMBIfyambHI 0COOMMBOCTI
CIIOPTCMEHIB i BapiaTMBHICTb HABaHTaXXeHb, CIIPIsiE Oi/IbII BUPaXKeHOMY IIPOrpecy B PO3BUTKY M s130B0i cuyin. [TpakTiaHe
3HaYeHH: POOOTHU IOJIATAE Y MOXKIMBOCTI BIPOBaJPKEHH: 3alIPOIIOHOBAHOI METOAVIKY J/LA IiABUIIEeHHS e(eKTUBHOCTI
TPEHYBaJIbHOTO IIPOLECY Y BaXKKIN aTaeTuIi, 30KpeMa JI/I CIIOPTCMEHIB Pi3HOIO PiBHA IIirOTOBKM

KntouyoBi cnoBa: prBoK; MOITOBX; JKMM; Qi3IHI HABAaHTAKEHHsT; aJalITUBHA ITepiofu3allis

‘ 54 Theory and Practice of Physical Culture and Sports, 2024, Vol. 3, No. 2


https://uwf.net.ua/
https://doi.org/10.1080/0305215X.2019.1702979
https://doi.org/10.3390/ijms242317079
https://us.humankinetics.com/products/science-and-practice-of-strength-training-3rd-edition-epub
https://orcid.org/0000-0002-1390-7889

