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THE COMPARISON OF STRENGTH TRAINING AND PLYOMETRIC TRAINING FOR THE DEVELOPMENT STRENGTH AND POWER
Abstract 
The comparison of strength and power training methods using plyometric training and strength training. the investigation examined how participants' gains in strength and power were affected by two different training interventions: strength training and plyometrics training. This research examined how much each of these training methods enhanced the participants' abilities, with a focus on measures like peak power, maximal strength, overall power, and jump height. By examining the outcomes of both interventions, the study provides insight into the effectiveness of strength training and plyometrics training for enhancing strength and power characteristics in recreational athletes.. A total of sixteen individuals were assigned at random to be part of the ST or PT group. Taking a measure of peak power, maximal strength, total power, and jump height both prior and following the intervention.  Maximal strength increased by 12.2% in the ST group and 7.4% in the PT group, with a significance, the ST group favouring the differences (p < 0.105). Peak power improved by 7.3% in the ST group and 9.4% in the PT group, favouring the PT group significantly (p < 0.001). Total power increased by 3.4% in the ST group and 5.7% in the PT group, with a significant advantage for the PT group (p < 0.001). Jump height also elevated, with a 2.9% increase in the ST group and a 5.7% increase in the PT group, supporting the PT group once more significantly (p < 0.001). In conclusion, plyometric training and strength training are both effective well to increase strength and power, though plyometric training produces more significant gains in overall power, peak power, and jump height than strength training.
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Introduction 
Within the field of sports science and athletic performance enhancement, the effectiveness of strength training (ST) in comparison to plyometric training (PT) continue to be a topic of discussion. Both modalities are vital to strength and conditioning programmes because they maximise muscle strength and power, which are necessary for success in a variety of sports. The relative benefits of (ST) and (PT) on the development of strength and power, however, are still being investigated. This has ramifications for the design of training regimens, athlete preparation, and performance enhancement.

Using external resistance to cause muscular contractions is known as strength training, and it has become an essential part of sports training programmes. Research conducted in the last few decades has demonstrated the many advantages of (ST), which include enhancements to muscular strength, hypertrophy, endurance, and motor function (KRAEMER and RATAMESS, 2004). The abilities of multiple-set s	(ST) programmes to elicit better physiological adaptations has led to their promotion, highlighting the significance of programme design elements including intensity, volume, and frequency (Naclerio et al., 2013). Furthermore, strength and conditioning specialists now routinely incorporate (ST) into seasonal training plans, highlighting the program's importance in improving athletic performance.

Plyometric training, on the other hand, uses the stretch-shortening cycle to increase power production and athletic performance. It is typified by dynamic, explosive movements (Whitehead et al., 2018). Plyometric workouts, which primarily target the leg extensor muscles, take use of the natural process of fast muscle lengthening and shortening to improve neuromuscular efficiency and force output (Baechle and Earle, 2000). Plyometric exercises have their foundation in athletic training, but they are now widely used in training programmes for a variety of sports disciplines due to their effectiveness in increasing speed, power, and agility.

In sports performance, strength and power are essential qualities that impact critical metrics including acceleration, jumping ability, and movements particular to a certain activity (Kijowksi et al., 2015). Athletes who want to succeed in their sport must focus on building their strength and power capacities, as this will affect both injury prevention and competitive performance. The sports science field is still debating and interested in learning more about the relative benefits of (ST) and (PT) on athletic performance, even though both have shown effectiveness in increasing strength and power.

This intervention primary investigating topic is: How can strength and plyometric training compare in terms of their impact on the development of strength and power? To explore this further, the study will employ a mixed methods approach, fusing quantitative analysis of physiological data with qualitative insights from training observations and athlete experiences. This study will specifically clarify the differing effects of (ST) and (PT) on strength and power adaptations.


Review of literature 
Essential attributes like as strength and power have a big impact on athletic success in a lot of different sports. Athletes can execute essential motions such as jumping, changing directions, accelerating, throwing, and kicking, among other sport-specific actions, because they possess the capacity to apply force and mechanical power. As van der Kruk et al. (2018) points out, mechanical power is a crucial component in comprehending athletes' capacity to generate power. Researchers and coaches may learn a great deal about an athlete's ability to generate power through mechanical power balance analysis. This knowledge is useful for training and performance optimisation.
According to Loturco et al. (2018), a number of research have demonstrated the important influence of strength and power on total sports performance. Greater strength and power capacities are exhibited by athletes who do better in important sports metrics including agility, leaping, and acceleration. Furthermore, an athlete's capacity to exert greater force and power has a favourable impact on activities unique to their sport, such as tackling, throwing, and kicking.
Strength training, according to McGuigan, Wright, and Fleck (2012), is crucial for enhancing the core strength and power characteristics of elite athletes. Research unequivocally demonstrates that strength and power are positively connected with athletic achievement, even if the proportional importance of these attributes may vary depending on the sport. Strength training programmes are a crucial component of the preparation of athletes who play team sports, according to study.
In the study by Cormier et al. (2020), strength, power, sprinting ability, and direction change ability are critical components of match-play success in team sports. High force and power output exertion is thought to be fundamental to the growth of athletes and to the basis of total sports performance. To maximise players' competitive advantage, coaches and sport scientists place a high priority on improving these qualities.
For athletes to increase their power to the best possible extent, strategic training approaches are essential, according to Østerås, Helgerud, and Hoff (2002). According to studies, contraction velocity optimised between 25% and 30% of maximum velocity and force close to 30% of maximal isometric strength yields the best power production. Muscle hypertrophy and neural changes necessary for power augmentation are elicited by training methods that target the quickest motor units and need high loads.
The findings of this research are synthesised to highlight the vital role that power, and strength play in athletic performance. Evidence-based training regimens are essential for coaches, athletes, and sport scientists to increase an athlete's strength and power attributes, boost their competitiveness, and enhance their overall athletic performance.
Strength training has drawn people of all ages, from teenagers to elders, as a vital component of physical health. About 64,000,000 individuals use barbells and dumbbells in their daily workouts in the United States alone; 39,548,000 use machine weights (Baker et al., 2013). Even with its widespread use, there is ongoing discussion about how many sets are best to maximise strength increases; multiple-set programmes are frequently suggested as a means of achieving better physiological adaptations (Baker et al., 2013; Kobal et al., 2017).
Since the late 19th century, research on strength exercise has progressed from anecdotal theories to important physiological investigations. A turning point was reached in the middle of the 1970s when research on strength training was elevated to the status of vital elements of improving physical performance (Kraemer et al., 2017). Strength training may be done in a variety of ways, and each has different factors that can be adjusted to help the musculoskeletal system (McMaster, Cronin, & McGuigan, 2009). These variables include continuous external resistance, accommodating resistance, and changing resistance.
Throughout the whole range of motion, accommodating resistance equipment is made to provide speed-controlled or isokinetic resistance a notion that has more recently been referred to as semi-isokinetic resistance (McMaster, Cronin, & McGuigan, 2009).
Strength training adaptations have been primarily linked to mechanical stimuli however, some research suggests that gains in muscle size and strength may also be significantly influenced by metabolic changes (Folland et al., 2002; Kawada, 2005; Kraemer et al., 2002; McDonagh & Davies, 1984; Mikesky et al., 1989; Pincivero et al., 1997; Schott et al., 1995; Smith & Rutherford, 1995). Strength training methods (RTM) have been created to modify metabolic and mechanical stimuli. Some of these approaches include modified vascular occlusion, super-slow, and functional isometrics (Fleck & Kraemer, 2004; Gentil, Oliveira, & Bottaro, 2006; Hunter et al., 2003).
Over time, strength training has proven to be the most effective method for increasing muscular strength, power, endurance, hypertrophy, and motor ability (Kraemer et al., 2017). Research has shown that strength training is essential for women to function at their best, particularly in physically demanding jobs (Kraemer et al., 2001). Young women carrying out long-term strength training have shown notable hypertrophy of their muscle fibres, demonstrating the effectiveness of this type of exercise in building strength and power (Kraemer et al., 2001). Studies also show that strength training significantly increases the hypertrophy and muscular strength of healthy adult females, with training volume and frequency being important factors (Hagstrom et al., 2019). Additionally, strength training has been demonstrated to benefit a variety of groups by reducing the effects of age-related muscle loss and enhancing general muscular health (Hagstrom et al., 2019).
Moreover, research utilising contrast and complex training (CP and CT) in conjunction with plyometric training (PT) and strength training (ST) indicates enhanced muscle power (Kobal et al., 2017).
When discussing Plyometrics, Utilising the body's natural physiological and anatomical systems to enhance athletic performance is possible with plyometric training (Pire, 2006). Developing Athletic Potential Plyometric training is a kind of exercise that emphasises dynamic, explosive movements, particularly training sessions involving leaping. Plyometric training has been shown in several studies to be beneficial in enhancing various areas of athletic performance, such as jumping, sprinting, and direction-changing ability. Because of this, experts in strength and conditioning are starting to recognise plyometrics as a potent technique for improving sports performance (Turner, n.d.). These training sessions, which can take many different forms, are characterised by fast, forceful actions that are followed by a preloading countermovement. Some examples of these drills are depth jumps, hurdle jumping, and bounding.
The research highlights several advantages of plyometric training, including reduced risk of injury, increased power, improved sprint performance, increased agility, and enhanced running economy. It's interesting to note that although plyometrics primarily cause neural adaptations, they have little to no effect on an athlete's morphology (Markovic et al., 2005). Stretch shortening cycle (SSC), a natural muscular function in which muscle is stretched prior to contraction, is the key component of plyometric activities. This results in a more intense contraction than simply concentric motions. Running, throwing, and leaping are examples of common exercises that include this eccentric/concentric coupling of muscle contraction, which is the basis of plyometrics (Komi, 1992; Flanagan, 2009). 
As Plyometrics is an essential training method for athletes, especially those that practise martial arts, high jumping, or want to improve their speed, power, and agility. It emphasises quick muscular expansion to compression. These workouts improve strength and speed while also activating the sensory system and promoting neuromuscular system connection between the brain and muscles (Oxfeldt et al., 2019). Plyometric training has been shown to have a variety
of positive effects, including improved neuromuscular function, higher motor unit activation, improved sprint performance, and increased vertical jump height. Furthermore, because plyometrics emphasise lower body control, mechanics, and priming the musculoskeletal system for athletic demands, they have shown effectiveness in the rehabilitation of injured athletes. Furthermore, plyometric training has improved landing mechanics and decreased the incidence of lower extremity injuries, which has proven beneficial for injury prevention procedures (Behrens et al., 2016; Hewett et al., 2011; Tsang and DiPasquale, 2011).
Research highlights the effectiveness of plyometric training in increasing lower body power, despite the heterogeneity in the size of performance gains. Training regimens should incorporate both contractile components and the SSC because of the well-established synergy between plyometrics and strength training in enhancing vertical jump performance (Drinkwater, Lane, and Cannon, 2009; Gopaladhas, Chinnavan, and Rajaram, 2014). Plyometrics date back to the 1920s, but it wasn't until the 1960s that they became well-known. Plyometrics, formerly known as "jump training," gained popularity as a ballistic training technique intended to improve jump performance. Fred Wilt coined the term after seeing Soviet athletes. The word itself comes from the Greek verb "Pleythyein," which means "to increase," indicating that its emphasis is on improving performance. Plyometrics, which were created by Yuriverkhoshansky in 1977, were a mainstay of strength and conditioning and ushered in a new age for the progression when looking at athletic power and speed (Galay, V.S., Poonia, R., and Singh, M., 2021). To sum up, plyometrics is a powerful tool for improving athletic performance because it uses quick, explosive movements to trigger brain changes that are essential for power, speed, and agility. Plyometric training, which has its roots in the stretch shortening cycle, has several advantages, including the enhancements in power and the avoidance of injuries. Plyometrics, a fundamental component of strength and conditioning, is changing the face of sports performance and enabling players to reach their greatest potential on the pitch or court.
Studies Comparing Strength and Power in Plyometric and Strength Training. The debate over whether strength training (ST) or plyometric training (PT) is more beneficial for achieving peak athletic performance that is continues. This study compares many significant studies that shed light on the relative benefits and limitations of various training approaches for developing strength and power across a range of sports.
Parados-Mainer et al. (2021) conducted a review along with a meta-analysis. A thorough meta-analysis by Pardos-Mainer and colleagues reveals that (PT) may be more beneficial than (ST) for enhancing important performance indicators in female football players, including change of direction (COD), vertical leap, and linear sprint. The evaluation does, however, issue a warning against making firm recommendations because of the substantial gaps in the current field of literature. However, dynamic, multidirectional movement-based physical therapy approaches show promise in maximising increases in physical performance.
Analysing Studies Critically (Grgic, Schoenfeld, & Mikulic, 2021): Grgic and associates compare the effects of strength and plyometric exercise on muscle growth. According to their findings, both modalities albeit for brief intervention periods may provide comparable gains in total muscle growth, especially for lower limb muscle groups. Even though plyometric exercise has the potential to increase muscle hypertrophy, more investigation is necessary to fully understand its effectiveness at the fibre level.
Comparison of Short-Term Interventions (Whitehead et al., 2018): In this study, the effects of strength and plyometric training on the performance of lower-body muscles are compared. Their results show that distinct plyometric and strength training regimens significantly increase both low- and high-speed muscle strength. Notably, it appears that plyometric exercise is especially useful for improving muscle strength during rapid speeds.
Effects of Various Training Sequences (Kobal et al., 2017): In this study, Kobal et al. examine how different (ST) and (PT) sequences affect the strength, leap, speed, and agility of elite youth football players. Their research shows that various (ST) and (PT) set combinations and orders provide similar performance gains in terms of muscular strength and jump capacity. It has been found that contrast training and complicated training are the most effective strategies for maintaining or improving sprint performance.
The following factors affect lower-body power (Kijowski et al., 2015): Studies conducted by Kijowski and colleagues highlight the distinct effects of strength and plyometric training on lower-body power. Strength training has a larger impact on concentric power, whereas plyometric exercise mainly affects lower-body eccentric power. When combined, these methods focus on different stages of muscular contraction and enhance lower-body power in a complete way.
Comparative Analysis of Female Handball Players (Granli, 2023): Granli et al. examine the impact of low-load power and plyometric training and high-load strength training on explosive performance metrics in female handball players. According to their research, there is a lack of appreciable variations between the two training techniques, and both provide notable gains in explosive powers.
Female Football Players' Kinematic characteristics: Golzari et al. (2018) examine how plyometric and strength training affect the kinematic characteristics of female football players. Their findings show that female football players' impact performance is improved by notable increases in ball speed and knee joint angular velocity. To maximise performance in women's football, both training approaches are advised.
Impacts on Specific Performance Evaluations (Hammami et al., 2018): Finally, Hammami et al. examine the impact on performance measures in male football players using contrast strength training (CST) and plyometric training (PT). According to their research, both therapies improve electromyographic (EMG) activity, jump height, direction change, and sprint performance. But during an in-season time, CST produces somewhat better gains in physical performance than PT.
The research carried out by Vissing et al. (2008), Lloyd et al. (2016), and Zghal et al. (2019) provides an understanding of the effects of strength training (ST), plyometric training (PT), and combination training treatments on muscle adaptations, athletic performance, and maturation status.
In untrained young men, Vissing et al. (2008) investigated the muscular adaptations brought about by plyometric training (PT) against conventional strength training (CRT). Their results showed that gains in muscle size and strength were a result of both (CRT) and (PT). However, Plyometrics produced better increases in muscular power, although CRT showed larger improvements in hamstring strength. Furthermore, CSA (cross-sectional area) of muscle fibres increased with (CRT), indicating hypertrophy, while (PT) showed no discernible alterations. This study emphasises how different training modalities have an impact on muscular strength, power adaptations, highlighting the significance of selecting a training mode based on specific performance objectives.
Similarly, Lloyd et al. (2016) examined the effects on boys' sprinting and jumping performances pre and post peak height velocity of 6-week training programmes employing various resistance modalities (conventional strength, plyometric, and combination training). Their findings showed that, irrespective of strength training style or maturity level, all training groups had significantly improved their sprinting and jumping performance. For children before PHV, plyometric exercise produced the most gains, whereas mixed training worked best after PHV. This study emphasises the significance of taking maturation state into account when developing training treatments, indicating that combined training may be more successful for persons who have had post-partum depression (PHV) whereas plyometric training may be more advantageous for pre-PHV athletes.
Additionally, Zghal et al. (2019) examined the impact on several performance measures in young soccer players of combined strength and plyometric/sprint training against plyometric/sprint training alone or normal soccer training alone. Their results showed that for improving strength, speed, and jump performances, combination training was better to either standard football training or plyometric training alone. Interestingly, sprint performance, peak torque, and torque development rate were significantly improved with combination training. This study emphasises the effectiveness of integrated training over single training methods in producing all-encompassing athletic gains.
All of this research highlights how crucial it is to choose the right training modalities depending on individual performance goals and athlete attributes. While there are distinct advantages to both ST and PT for building strength and power, their efficacy may differ based on things like athlete maturity, training programme, and demands particular to a particular sport.  Furthermore, greater athletic improvements may result from integrated training programmes that include aspects of PT and ST, highlighting the significance of customised training interventions in maximising athletic performance.
Methodology 
As the purpose of this study was to assess how strength training and plyometrics (PT) affected the progression of power and strength. Because of this, it became feasible to quantify the neuromuscular adaptations and compare them to determine whether method ST or PT is more effective at causing these adaptations. This is made possible by the way this study revealed. Muscle power and strength were assessed using a variety of functional tests.

Research design
Participants: 16 young women who recreational train served as the study's subjects Age: 22.5 ± 2.5 years (mean ± SD), Weight: 72.5 ± 7.5 kg, Height: 166.5 ± 5.5 cm. They were asked to take part. All subjects had a general resistance training programme prior to the study; none engaged in frequent high intensity (ST) or (PT) activity. The sixteen participants were divided into two groups of eight, the (ST) group and (PT) group, at random. Prior to participation, all participants took a PAR-Q and provided written consent after being made aware of the study's objectives and possible hazards.

Protocols taken 
The participants participating were mandated by the training protocols to attend sessions held in the Trinity Saint David laboratory of the University. Since the research lasted for four weeks, the whole design structuring process come to pass in a single, predetermined session. The purpose of implementing a structured plan was to monitor any advancements in training techniques, with sessions held twice a week for both the (ST) and (PT) groups. Throughout the data collecting procedure, all training and testing sessions were supervised to ensure that all participants carried out all exercises correctly to minimise and eliminate the danger of harm and injury. Participants warmed up by stretching and flexing their muscles to ensure that they were properly warmed up before beginning their activity. (ST) and (PT) engaged in a substantial amount of dynamic stretching. (ST) sessions included five exercises, two sets of each with ten reps to ensuring adequate recovery of two to three minutes of rest time between each session for participants.

Examining the participants' ST programme, the exercises included barbell back squats, Romanian deadlifts, weighted lunges, leg extensions, and seated hamstring curls. A variety of variables, including repetitions, sets, load, and frequency, were used to measure the sessions to track the progress of the participants' strength and power. The (PT) programme was created to resemble the (ST) programme in a similar way. As a result, participants in both programmes got the same level of training intensity to again ascertain the most accurate development. Therefore, the (PT) comprised five body-weight plyometric exercises, just as the (ST), with the goal of evaluating volume and intensity in a manner akin to the (ST). comprising two sets of ten repetitions. Depending on the kind of exercise, the (PT) changed. Activities that involved leaping and lunging were covered in the sessions, including split squat jumps, double-leg tuck leaps, double-leg hops, and squat jumps. The length of rest intervals, the number of repetitions, and the height adjustment of any apparatus utilised all affected how these motions progressed.  
                        
Training programme for Strength Group

Warm-up (5-10 minutes)

	Type of movement
	Reptations

	Jog (light)
	(Short duration) 

	Jumping jacks
	X 10

	High knees
	X 10 each leg

	Side leg swings
	X 10

	Body weight lunges
	1 x 30 second interval

	Body weight squats
	X 10 each leg




Training session 
	Exercise 
	Reptations

	Back squat
	2 sets / 10 repetitions

	RDL’s (Romanian deadlift)
	2 sets / 10 repetitions

	Lunges (weighted)
	2 sets / 10 repetitions

	Seated Leg extension
	2 sets / 10 repetitions

	Seated Hamstring curl
	2 sets / 10 repetitions


Training programme for Plyometrics Group
Warm-up (5-10 minutes)
	Type of movement 
	Reptations

	Jogging 
	2 sets of Toe jogging 

	Kicks
	2 sets of Butt kicks 

	Skipping 
	2 sets of 20 second skipping interval

	Footwork
	2 sets Shuttle drill

	Lunging 
	2 sets of Forward lunges 


Training session 
	Exercise 
	Reptations

	Skip
	2 sets / 10 repetitions

	Double-leg tuck jump
	2 sets / 10 repetitions

	Double-leg hop
	2 sets / 10 repetitions

	Spilt squat jump
	2 sets / 10 repetitions

	Squat jumps
	2 sets / 10 repetitions



Testing measures
Testing measures began with the individuals being evaluated in week one and again in week four to gather data. A distilled data set used to compare the intervention research results. Testing techniques were necessary to examine maximum strength and maximum power. The five experiments that are listed were carried out in this manner, including: Power: Keiser Leg Press; Power: 6-second Peak Power Test; and finally, for power, Strength: Keiser Leg Press; Strength, Power: Test of vertical jump.

Data Analysis
Data were initially assessed using comparative measures of strength and power to compare the maximal strength numbers before and after the four weeks. Keizer leg press, six second peak power test on the Watt-Bike, along with vertical jump on the force platform were used to conduct joint T-tests for the (ST) and (PT) groups. This has determined the group data and changes. Subsequently, an analytical comparison will be carried out across groups using paired T-tests of maximum strength and power to provide insight into the relative efficacy of each training approach. In addition, an independent T-test was performed with an emphasis on strength and power to comparing the two groups and find any advantages in this area that are exclusive to Resistance training and plyometrics training. The primary data set that was examined focused on correlation analysis, examining the relationship and variations among strength, power variables. The analytical findings identified trends that enhanced and demonstrated the overall efficacy of each of the training programme. 

As all the data was gathered, on Microsoft Excel then SPSS version 29 was utilised to conduct a comparative analysis of paired sample T-test. Working with numbers was made easier by this function, which made it possible to create graphs for data, visual summaries, and data visualisations.

Data protection
Prior to participating in any testing procedures, every participant required to fill out an agreement confirming their consent and complete the Physical Activity Readiness Questionnaire (PAR-Q). Additionally, they received information on the intervention's objectives, potential risks, and participant rights.

Furthermore, to ensure confidentiality, the identities of all participants were protected throughout the study, and their personal information will not be disclosed in any published materials. All PAR-Q forms were securely stored and kept confidential. The data collected during the study were stored on my personal laptop, which was password protected at all times and stored in a designated folder.

These procedures were conducted in accordance with the ethical guidelines outlined by the Basis code of conduct, ensuring the safety and privacy of all participants that participated.
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[bookmark: OLE_LINK14][bookmark: OLE_LINK15]The results presented in the tables provide quantitative data on the pre- and post-training measures of maximal strength, peak power, total power, and jump height for both the resistance training (ST) group and the plyometric training (PT) group. 
	
	Mean
	Standard Deviation
	Effect Size
	>P values 

	Maximal/Strength
	-9.375
	12.939
	.725
	>P.105

	Peak Power
	-58.428
	9.21755
	-6.338
	>P.001

	Total Power
	-210.95
	166.43335
	-1.268
	>P.001

	Jump Height
	-2.1000
	.8986
	-2.337
	>P.001



The P values less than 0.05 indicate a significant difference between conditions, while values over 0.05 show no significant difference.


[bookmark: OLE_LINK3][bookmark: OLE_LINK7]Figure 1: Maximal Strength Development
Comparing the pre- and post-training measures of maximal strength (in kilograms) for both groups, it is evident that both (ST) and (PT) groups experienced increases in maximal strength following their respective training interventions. For Maximal strength measured by the Keiser leg press, the (ST) group was observed at (p < 0.105). Meaning that the (ST) group improved maximal strength by (12.2%). For the (PT) group improved their power output by (7.4%) (p < 0.105).  This shows a significant gain in maximal strength was greater than for the (ST) group, which improved strength by 4.8% more than (PT) group. 



Figure 2: Peak Power Development
Additionally, the results reveal improvements in Peak power (in watts) for both groups following their respective training interventions. For Peak Power measured by the Watt-Bike, the (ST) group was observed at (p < 0.001). Meaning that the (ST) group improved Peak Power by (7.3%). For the (PT) group improved their power output by (9.4%) (p < 0.001). This shows a significant gain in Peak Power was greater for the (PT) group, which improved Peak Power by 2.1% more than the (ST) group.


Figure 3: Total Power Development

The results also demonstrate improvements in Total power for both groups following their respective training interventions. For Total Power measured by the Keiser leg press, the (ST) group was observed at (p < 0.001). Meaning that the (ST) group improved Peak Power by (3.4%). As for the (PT) group improved their power output by (5.7%) (p < 0.001). This shows a significant gain in Peak Power was greater than for the (PLYT) group, which improved Peak Power by 2.3% more than the (ST) group. 



Figure 4: Jump Height Development. 

Finally, the results demonstrate improvements in jump height (in centimetres) for both groups following their respective training interventions. For Jump Height measured by the Fore platform, the (ST) group was observed at (p < 0.001). Meaning that the (ST) group improved Peak Power by (2.9%). As for the (PT) group improved their power output by (5.7%) (p < 0.001). This shows a significant gain in Peak Power was greater than for the (PT) group, which improved Peak Power by 2.8% more than the (ST) group. 

Discussion 
This part discusses the results, emphasising significant trends and providing insights into the relative efficacy of various training methods. It does this by drawing on the literature study and methodological insights that have been presented.

As the findings of this study provide significant new insights into the ways in which (ST) training (ST) and plyometric training (PT) impact the progression of strength and power in recreational athletes. The findings indicate that during the four-weeks of training sessions, improvements in strength and power were a result of both (ST) and (PT). Nevertheless, there were still some notable differences amongst both training methods, with (PT) showing greater gains than (ST) in several performance metrics. The strength and power gains that were shown after both (ST) and (PT) therapies are in line with earlier studies that show how effective both training modalities are in improving sports performance (KRAEMER and RATAMESS, 2004; Komi, 1992). According to the findings, The Keiser Leg Press, the (ST) group showed a considerable improvement in their maximal strength. Both (ST) and (PT) groups experienced increases in maximal strength post-training. While the (ST) group exhibited a 12.2% improvement and the (PT) group showed a 7.4% increase, the difference in improvement was not statistically significant (p > 0.105). However, the (ST) group demonstrated a 4.8% greater gain in maximal strength compared to the (PT) group. This suggests that recreational athletes may efficiently develop their muscular strength with strength training. These results were shown to be in-line with the body of research on the advantages of (ST) for promoting strength and muscular hypertrophy (Folland et al., 2002; Kraemer et al., 2002). 

Still, the (PT) group demonstrated more progress in power-related parameters such as overall power, jump height, and peak power. As for Peak Power development similarly, both groups demonstrated enhancements in peak power following the interventions. The (ST) group displayed a 7.3% increase, while the (PT) group showed a 9.4% improvement. The difference in improvement was statistically significant (p < 0.001), with the (PT) group exhibiting a 2.1% greater increase in peak power compared to the (ST) group. 

Along with Total Power development analysis of total power also showed significant improvements in both groups. The ST group exhibited a 3.4% increase, whereas the (PT) group showed a 5.7% improvement. Once again, the difference in improvement between the groups was statistically significant (p < 0.001), with the (PT) group demonstrating a 2.3% greater increase in total power compared to the (ST) group.

Finally, Jump Height development furthermore, enhancements in jump height were observed in both groups. The (ST) group demonstrated a 2.9% increase, while the (PT) group showed a 5.7% improvement. Like peak power and total power, the difference in improvement was statistically significant (p < 0.001), with the (PT) group exhibiting a 2.8% greater increase in jump height compared to the (ST) group.
The significant increase in these modalities is due to the stretch-shortening cycle is used in plyometric training to highlight fast, rapid movements that enhance power production (Whitehead et al., 2018). As shown in documented increases in power performance among (PT) participants, plyometric exercises have been demonstrated to be helpful in improving neuromuscular efficiency and force output (Flanagan, 2009). 
Prior research (Behrens et al., 2016; Hewett et al., 2011) has shown that Plyometric Training (PT) is a useful tool for improving jump performance and lower body power. This supports the current study's findings and strengthens the argument that physical therapy can enhance sports performance. New insights into the relative benefits of each training modality are revealed by comparing (PT) with classic Strength Training (ST).
Although strength, power, and athletic performance improved with both (PT) and (ST), different patterns showed up in the data. (PT) seems to work better than (ST) in raising power-related parameters like overall power and peak power. Notwithstanding, it’s beneficial to understand the heterogeneity in training reactions, as this may impact the collective results and efficacy of any training approach (Behrens et al., 2016; Hewett et al., 2011).
The physiological adaptions and their differing impacts on the enhancements in strength and power are probably due in part to the varied physiological responses that (ST) and (PT) induce. While (PT) stresses the quick stretch-shortening cycle to improve force output and neuromuscular coordination, (ST) primarily increases muscle growth and maximum strength through progressive loading of the muscle (Hagstrom et al., 2019; Komi, 1992). Progressive loading is the main way that (ST) promotes muscle growth and maximal strength, whereas (PT) places more emphasis on the rapid stretch-shortening cycle, which speeds up force production and improves muscular coordination.
Sporting performance is strengthened by training methods that are used, in real-world applications, and many physiological factors. Among these, (ST) and (PT) have emerged as well-known neuromuscular system stimuli that cause profound alterations that enhance performance across a range of sports. (ST) enhances strength, power, and local muscular endurance by increasing muscle cross-sectional area, neuronal adaptations like motor unit recruitment and synchronisation, mechano-transduction responses, and hormonal changes affecting muscle protein synthesis and recovery (Deschenes & Kraemer, 2002; Maestroni et al., 2020).
Beyond enhanced performance, (ST) also leads to physiological and functional changes in a difference in groups, delivering benefits such as higher bone density, insulin sensitivity, and overall health outcomes. Conversely, plyometrics training (PT) works to increase running speed and maximal force generation via adjusting the mechanical properties of tendons and patterns of muscle activation. Although the underlying effects of the mechanisms are continuously being studied, plyometrics Training (PT) enhances performance in sports in various amounts of sports, sports that include large amounts running and leaping. This happens by the changing in muscle-tendon behaviour, stretch reflex, and active muscular stiffness (Kubo, Ikebukuro, & Yata, 2021). 
Methodological considerations, the study's methodological approach guaranteed the validity of its conclusions. Through thorough testing processes and controlled training regimen, the intervention successfully assessed the impact that strength and plyometric training had upon the development of strength and power in recreational athletes. Standardised testing techniques, such the Keiser Leg Press and Vertical Jump tests, provided objective data that allowed for thorough study and comparison. These results have ramifications for sports scientists, coaches, and athletes.  Because plyometric training may improve power generation, it is a good fit for sports where quick movements are required, such sprinting, leaping, and agility-based exercises. strength training is still necessary for general muscle hypertrophy and strength, particularly for sports generating a great level of endurance and force production. Combining the two modalities with reasonable periodization techniques provides a comprehensive training optimisation method.
Understanding the efficacy of (ST) and (PT) for improving sports performance involves analysing the findings of this comparison study with previous research. The study's findings are consistent with other studies showing that strength training improves muscular growth, strength, and power (Kraemer et al., 2017). Participants showed enhanced maximum strength after strength training, which is consistent with previous research and suggests that resistance training is effective for many individuals (Hagstrom et al., 2019). Likewise, the recorded gains in peak power support the evidence that has already been gathered about the benefits of strength training for increasing power production (Kobal et al., 2017).
Additionally, the research highlights the unique benefits of plyometric exercise in improving power-related measurements, such as peak and total power. This is consistent with other studies showing how plyometric training enhances force output and explosive movements (Markovic et al., 2005). Plyometric workouts provide neuromuscular changes that enable higher power production since they are marked by quick muscle contractions and an eccentric-concentric coupling (Komi, 1992).
Over time, it has become clear what the benefits and efficacy of strength training are. while improving muscle development, endurance, power, and strength. For this reason, strength training is essential for both conditioning and strength. The literature evaluation offered compelling evidence for the benefits of strength training for several demographic groups, including women, the elderly, and professional athletes. 
According to earlier studies, complex and contrast training, as well as integrated training regimens, have complimentary effects on muscular strength and athletic Advantages of Plyometric Exercise A well-known and effective method for increasing force production and explosive movements is plyometric training. The analysis of existing research highlighted the benefits of plyometric training for improving lower limb mechanics, agility, jumping, and sprinting. Plyometric training has been shown to be useful in enhancing sports performance in terms of injury prevention and recovery, which is an intriguing finding. The study's conclusions, which demonstrate how successful plyometric training is in increasing power-related metrics like peak and total power, highlight the benefits of the method. This is in line with recent research (Markovic et al., 2005) that demonstrates how plyometric training enhances power production and explosiveness. Because plyometric workouts involve rapid muscle contractions and eccentric-concentric coupling, they induce neuromuscular changes that enable increased power output (Komi, 1992).
Additionally, Advantages of considering combination training techniques are demonstrated by research that show how integrated training approaches, such as complex and contrast training, may support performance and muscle strength in a complimentary manner. According to this research, incorporating weight training and plyometric exercises into a single training regimen has complementary advantages (Drinkwater, Lane, & Cannon, 2009). The improvements in power and jump performance seen in the combined training groups suggest that combining strength training (ST) with plyometric training (PT) may be advantageous for optimising athletic performance. Highlighting, that It may have synergistic benefits and address several areas of power and strength development to combine (ST) to improve foundations with (PT) to boost power generation (Whitehead et al., 2018).
According to earlier studies, complex and contrast training, as well as integrated training regimens, have complimentary effects on muscular strength and athletic Training regimens can also be periodized to alternate between (ST) and (PT) periods to reduce fatigue, improve adherence, and encourage long-term adaptation. The results of the study emphasise how important it is to take individual differences in training responses and training specificity into consideration. Although plyometric exercise typically resulted in greater increases in power-related metrics, the precise responses differed throughout training groups. This demonstrates how important it is to modify training programmes to meet the specific needs and goals of each participant. Additionally, it is evident that training results are significantly influenced by the specificity of training stimuli and exercise selections (Turner, n.d.).
Nevertheless, studies show that it is beneficial to consider a variety of training techniques. The intervention's outcomes suggest that combining plyometric and strength training could prove beneficial. According to earlier studies, complex and contrast training, as well as integrated training regimens, have complimentary effects on muscular strength and athletic performance (Drinkwater, Lane, & Cannon, 2009). The benefits of combining strength and plyometric training to improve athletic performance are shown by the increases in power and jump performance shown in individuals after combined training regimens.
Consistency with prior studies, showcases the findings of the study align with previous research demonstrating the benefits of strength training for developing muscle strength and power (Kraemer et al., 2017). The recorded increases in maximal strength among strength training participants are consistent with previous studies (Hagstrom et al., 2019). The strength training group's minor gains in peak power, according to Kobal et al. (2017), further highlights the positive effects of strength training for increasing power production. Study outcomes also demonstrate the unique advantages of plyometric training in raising power-related metrics like peak power and total power. This is in line with earlier research demonstrating the enhancement of force output when conducting powerful movements by plyometric training (Markovic et al., 2005). Because plyometric exercises involve rapid muscle contractions and an eccentric-concentric link, they induce neuromuscular alterations that promote increased power output (Komi, 1992).
while offering solid evidence of the effects of both training modalities. For example, studies on karate instructors found that plyometric and cluster resistance training can be an equally effective way to increase maximal strength and explosive power. (Aminaei, Yazdani, & Amirseifadini, 2017). Similarly, studies comparing different training plans, such as plyometric, squat, and combination squat-plyometric training, highlighted the need of personalised training plans for enhancing athletic performance. These studies demonstrated significant increases in hip and thigh power production, with combined squat-plyometric training outperforming single modalities regarding results (Adams et al., 1992).
Furthermore, studies on the impacts of specific plyometric training on the development of muscular strength and power in rugby players shown the efficiency of plyometric exercises in muscle development in both the upper and lower body (Hanif et al., 2022). Practical applications and training programme design considerations highlight the need of structuring conditioning sessions to maximise benefits and minimise injury risks. Establishing appropriate repetition ranges, including appropriate rest intervals, and creating intensity and frequency progressions are all necessary for designing an effective training plan (Faigenbaum & Myer, 2010).
The results of the investigation also emphasise how important it is to tailor training programmes and account for individual variances in training responses, especially when it comes to individual differences and training specificity. The overall improvement in power-related measures was greater with plyometric exercise; however, the specific responses varied throughout training groups. This highlights the need of considering individual characteristics when designing training plans, such as genetics, muscle fibre composition, and biomechanics (Turner, n.d.). Furthermore, the selection of training sessions and the specificity of training stimuli both significantly affect training results. (Turner, n.d.).
Additional conclusion of the study is that training methods and injury prevention have significant implications for trainers, athletes, and sports scientists. To lower the risk of injuries, they emphasise the need of including resistance as well as plyometric activities into training regimens (Maestroni et al., 2020). (Maestroni et al., 2020). These modalities are especially crucial for athletes who play high-impact sports and need repetitive motions because they can help reduce the risk of developing musculoskeletal issues when attempting to balance the demands of competing and training.  Exercises that combine resistance and plyometrics are crucial to injury prevention strategies because they enhance muscle strength, power, and neuromuscular control.
Coaches and sports science specialists can implement these strategies into training routines by using progressive overload concepts, creating appropriate recovery procedures, keeping an eye on athletes' performance, and using appropriate methods of instruction delivery. To lower the risk of injuries, they emphasise the need of including resistance as well as plyometric activities into training regimens (Maestroni et al., 2020).This comprehensive approach to injury prevention emphasises how important it is to understand physiological processes and keep to safety protocols in order to promote athlete well-being and maximise performance.
Limitations, when recognising the limitations of this intervention even if it offers insightful information on the relative benefits of strength training (ST) and plyometric training (PT) on the development of strength and power in recreational athletes. The very limited sample size of the groupings is one of its limitations, since it may reduce the findings' generalizability and raise the potential for mistakes. Another limitation is the short intervention period of four weeks, which may not capture the long-term effects of (ST) and (PT) interventions. Additionally, the homogeneity of the participant population limits the diversity of the sample, warranting future research with more variety of demographics. Furthermore, the absence of a control group hinders being able to differentiate between the results  (ST) and (PT) interventions to a non-intervention group, emphasizing for a more robust study design. Future studies may overcome these shortcomings and further our knowledge of how (ST) and (PT) affect the development of strength and power. 
Prospective longitudinal studies involving a number of demographic groups and integrated training regimens may offer more information on enhancing sports performance. Researchers may improve our knowledge of how (ST) and (PT) treatments affect the development of strength and power by addressing these constraints and investigating future research areas. This will eventually lead to the creation of more efficient training regimens in sporting situations. 
Future Research, considering that the present research provides insightful information on the relative benefits of resistance and plyometric training for improving an athlete's strength and power. However, the advancement of this field of research is indispensable for the future. Longitudinal studies with longer intervention periods and larger sample sizes may yield more detailed information about the long-term impacts of resistance and plyometric training on athletic performance. In these studies, long-term participant monitoring may help researchers monitor plateau effects and better understand how training adaptations change over time.
Research comparing functional training or high-intensity interval training (HIIT) to strength and plyometric training, or other popular training modalities may also provide important new insights into the relative benefits of various methods of training for improving athletic performance. To enhance the understanding of how to optimise athletic performance results, researchers should examine individual differences in training responses and determine the best order and combination for strength and plyometric training programmes.  

Conclusion 
Several important conclusions are made from highlighting the impacts of strength training (ST) and plyometric training (PT) on improving strength and power in recreational athletes. The study's findings offer insightful information on how well (ST) and (PT) comparison regarding improving athletic performance. Over the course of the four-week training session, increases in strength and power were attributed to both training methods. There were notable differences between the two modalities, too, with (PT) showing greater gains in power-related parameters than (ST), including peak power, overall power, and jump height. These findings correlate with prior research demonstrating that (ST) and (PT) may both improve sports performance. (ST) was very successful in increasing maximum strength, which is in line with the body of research on its ability to encourage the growth of muscular hypertrophy and strength. Conversely, (PT) placed a strong emphasis on quick motions that increase power production by means of the stretch-shortening cycle, leading to notable gains in performance metrics relating to power.
The differences that have been noticed in how different training modalities affect development of strength and power are probably due to the distinctive physiological reactions that each person experiences. While (PT) focuses on using quick, explosive movements to increase force production and enhance neuromuscular coordination, (ST) mainly uses progressive loading to promote muscle growth and increases in maximum strength. These findings have significant implications for coaches, athletes, and sports scientists. By concentrating on multiple aspects of strength and power development and combining both (ST) and (PT) modalities into training regimens, practitioners can improve athletic performance outcomes. Finally, training programmes that alternate between the (ST) and (PT) phases have been shown to increase resistance and promote sustained adaptation. Nevertheless, it's important to acknowledge that this study contains limitations that may restrict the extent that the conclusions can be applied., such as an intervention with a short duration and a small sample size. The long-term effects of (ST) and (PT) on the development of strength and power in bigger and more varied populations should be investigated in future studies. Our knowledge of the best practices for designing and implementing integrated training programmes can be enhanced by looking around the possible advantages of combining (ST) and (PT).
In conclusion, the comparison between plyometric and strength training approaches shows how well each is suited to assist recreational athletes in building strength and power, however the current study emphasises that plyometric training is preferable in terms of power development. Evidence-based training programmes that maximise increases in athletic performance may be created by coaches, players, and sports science researchers by combining theoretical frameworks, research findings, and practical factors. Future research objectives include longitudinal studies, comparative studies with other training modalities, and investigations into individual differences in training responses in order to further enhance our understanding of the most effective ways to develop and implement training programmes.








Jump Height (cm) (Pre)	Plyo	Strength	35	34	Jump Height (cm) (Post)	Plyo	Strength	37	35	



Plyo	Max Strength (kg) (Pre)	Max Strength (kg) (Post)	136	146	Strength	Max Strength (kg) (Pre)	Max Strength (kg) (Post)	139	156	



Power (WattBike) (Pre)	Plyo	Strength	628	615	 Power (WattBike) (Post)	Plyo	Strength	687	660	



Total  Power (Keizer)) (Pre)	Plyo	Strength	3704	3322	Total Power (Keizer) (Post)	Plyo	Strength	3915	3435	
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