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ABSTRACT    

 

Background: Recreational volleyball players often experience hamstring muscle 

strength asymmetry, which can increase the risk of injury and diminish athletic 

performance. Improving muscle balance, flight time, and reactive strength index are 

essential for enhancing playing ability and preventing injuries. 

Objective: This study aims to compare the effects of plyometric training and deadlift 

training on hamstring muscle strength asymmetry, flight time, and reactive strength 

index in recreational volleyball players. 

Method : A total of participants will undergo baseline assessments of hamstring 

strength, jump height, flight time, and reactive strength. They will be randomly 

assigned to either a plyometric training group or a deadlift training group. The 

interventions will be administered over six months, with evaluations conducted before 

and after the training period to measure changes in the targeted parameters. 

Results : Both plyometric and deadlift training significantly improved flight time, 

reactive strength index (RSI), and asymmetry percentages in volleyball players. The 

plyometric group showed larger effect sizes with significant improvements in flight 

time (d=7.5, p<0.001), RSI (d=8.87, p<0.001), and asymmetry reduction (p<0.001), 

compared to the deadlift group. Between-group differences were not statistically 
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significant, but effect size analysis indicated more substantial performance gains in the 

plyometric group. 

Interpretation: The findings suggest that while both training modalities enhance 

explosive and reactive capabilities, plyometric training is more effective in optimizing 

neuromuscular adaptations associated with stretch-shortening cycle efficiency. This 

specificity likely account for greater improvements in jump performance, asymmetry 

reduction, and reactive strength, making plyometric exercises a superior choice for 

enhancing explosive athletic performance in volleyball players. 

Conclusion : The findings from this research could contribute to developing targeted 

training strategies to enhance athletic performance and reduce injury risk, supporting 

the advancement of sports science and training methodologies. 

Keywords: Plyometric Training; Deadlift; Volleyball; Explosive Performance; 

Reactive Strength Index; Inter-limb Asymmetry; Jump Height; Neuromuscular 

Adaptation; Strength Training; Sports Performance. 
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Volleyball is a hard oxygen - independent sport requiring both rapid forceful actions (both upward and 

sideward) and brief recovery moments. Thus, explosive strength, which is an attribute where one's nervous 

- muscle system can express tension in the least amount of time possible, is a basic component of successful 

athletic competition.[1] 

Actually, combining quickness and agility with peak strength generates power. Force - generating capacity 

allows an individual muscle to generate the identical workload in a shorter period of time, or a larger 

magnitude of work within the same period, that is crucial for acceleration, leaping and rapid changes of 

direction .Indeed, power measures have been found to have close relationships with upward height 

efficiency , indicating that power determines vertical jumping performance.[3] 

Jump training can be identified with explosive power drills and more specifically with drills that emphasize 

the muscle - muscle complex. Indeed, de Villarreal discovered that the combination of bodyweight 

plyometrics such as reactive jumps, box drops and squatting jumps produced an increase in vertical jump 

performance ranging between 4.7% and 15%. However, this form of training enhances motor 

synchronisation by training the nervous system ,thereby enabling the eccentric - concentric sequence that 

is a lengthening movement (i.e., eccentric) followed rapidly by a shortening movement (i.e., concentric) to 

respond faster.  Also, since this training involves lengthening of muscles, it has the potential to enhance 

flexibility, store more elastic energy in the muscles, activate more muscular components, be associated with 

greater (neural) activation rate and enhance joint position sense.[1][4] 

Plyometric training in volleyball consists of hopping, bounding and jumping exercises as well as quick and 

explosive throws. These movements also pertain to agility development. This ability is believed to be a 

neuromuscular conditioning strengthening of motor programming and neural adaptation of muscle spindles, 

Golgi tendon organs and joint proprioceptors.[2] 
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Volleyball is a high-explosive sport consisting of numerous explosive attempts, with numerous successive 

short periods of high-intensity exercise and small amounts of rest.[6] High demands are put on the 

neuromuscular system during the repeated various plane motions on the court (e.g., sprints, dives, jumps). 

Consequently, it can be reasoned logically that volleyball players need highly evolved speed and muscular 

strength since successful court travel and vertical jumping are the most valued player abilities according to 

coaches and sport scientists. Moreover, volleyball players need to be able to accomplish these repeated 

maximal efforts with short recovery for the duration of the game.[5] 

The hamstring group is composed of three major large muscles at the back or rear of the thigh. They consist 

of the semimembranosus as the medial most, long and short heads of the biceps femoris as the lateral most, 

and semitendinosus in between. These muscles are physiologically significant as they are highly susceptible 

to damage , particularly in the sportsmen. Semimembranosus and long head of biceps femoris share a share 

the same site of origin at the posterolateral aspect of the ischial tuberosity whereas semitendinosus 

originates from anterolateral aspect of the ischial tuberosity. Short head of biceps originates medial to the 

linea aspera on the distal side of the posterior segment of the femur. Both the short and long head of biceps 

femoris still insert above the fibular head while semimembranosus inserts above the medial condyle of tibia. 

Semitendinosus inserts on pes anserine area on the medial surface of the tibia. All the hamstring muscles 

cross two joints (hip and knee) from origin to insertion with the exception of the short head of biceps 

femoris, which crosses knee joint only from origin to insertion. The primary action of the hamstring muscles 

is knee joint flexion and hip joint extension. Hamstring injury largely happens when players are sprinting 

or running. These muscle groups are especially prone to injury because of their anatomic distribution. 

Measurement of hamstring muscle strength with isokinetic muscle strength devices is considered as the 

gold standard.[7][8] 
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The eccentric - concentric contractions represents a key neuromuscular mechanism that supports explosive 

jumping and plyometric actions.[4] A person's capacity to perform the SSC, or the capacity of the 

musculotendinous structure to generate a high-force concentric action, shortly after a muscle lengthening 

movement, typically during movements where body segments are subjected to impact forces causing stretch 

(e.g., drop jump), is referred to as reactive strength and is generally assessed with the reactive strength 

index (RSI).  In jump - related activities, SSC is often classified as fast when ground contact time is 250 

ms and slow when it exceeds 250 m.[7] 

Volleyball is characterized by frequent explosive actions, with players performing around 250–300 such 

movements per match, consisting mainly of 50–60% jumps, 27–33% attacks, and 12–16% landings. These 

asymmetric unilateral movements might make team sport athletes predisposed to inter-limb asymmetries.[9] 

The biomechanics of a volleyball jump, crucial for practical force application and ball impact, involve 

synchronized leg propulsion balanced by the attacking arm's forward swing.[12] Moreover, the sport's typical 

landing mechanics, particularly the unilateral landings that account for 40% of all landings, also play an 

important role in lateral muscular imbalances. Moreover, some zone-specific movements, such as blocking 

movements, are normally performed towards the same direction. Thus, these repeated activities during 

practice sessions and competitive games may play a role in developing asymmetries in volleyball players.[11] 

The vertical jump (VJ) test is widely accepted as a reliable measure of lower body explosive strength of 

lower-body power. Strength and conditioning professionals, coaches, and health professionals generally 

use the VJ test when establishing an athlete's or client's ability to jump. Numerous coaches regard vertical 

jumping as a fundamental aspect of sport performance that can lead to enhanced success in many sports, 

such as basketball, volleyball, and football.[8][13] 
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Following the invention of smartphones, High-frame-rate, high-resolution digital cameras are now readily 

available to everyday consumers, therefore, application of mobile applications towards time-based 

measurement using video analysis for sport sciences has increased. With video analysis, the user must 

manually identify and digitize specific events after the movement and has been recorded. For measuring 

vertical jump height, high- speed recordings allow users to visually select the frames closet to take-off and 

landing. The software then calculates flight time by counting the frames between these key events and 

applying a basic kinematic formula [15].  

The most widely used smartphone application, My Jump, has been proved with video frame rates of current 

for vertical jump height in the case of measurement, high-speed video recording enables the user to visually 

choose the frames nearest to both take-off and landing events manually. Next, the app measures the number 

of video frames between such events and calculates flight time based on frame rate duration and a simple 

kinematic equation[15]. One of the leading smartphone applications, My-Jump, has been cross-validated 

using video frame rates from modern smartphones, 120 Hz and 240 Hz as well as tablets operating at 60 

Hz.[10] 

Some smartphone models have been released very recently, enabling very high frame rate video recording, 

which levels the sampling capability of sport sciences instrumentation. Owing to the advances in 

technology, consumer end segment smartphone is anticipated to integrate very high video sampling frame 

rates, just like laboratory-based instruments.[10][17] 

Vertical jump is one of the most significant physical abilities for effective volleyball performance. The 

more a player can jump, the more his/her opportunity for effective performance in offense and defense. The 

tracking of different performance qualities of athletes is an important aspect in strength and conditioning 

training.[4] Approach jump performance is one of the sport-specific activities in volleyball play that deserves  
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the investigation of its underlying biomechanical determinants that can be utilized for training 

optimization.[4][12] 

The countermovement jump (CMJ) is frequently used to measure the maximal dynamic function of the 

lower extremity's primary extensor muscle groups. The ease and consistency of the CMJ make it well-suited 

for evaluating cross-sectional differences and tracking longitudinal changes in maximal dynamic 

performance in the applied setting. Reactive strength index modified is a reduced measure that is determined 

as the CMJ height to time to take-off (TtT) ratio. In plain English, the RSImod therefore reflects how much 

jump height (JH) one gets for how long it takes one to bend and straighten the legs in the CMJ. In general, 

the RSI is supposedly being a measure or representing the degree of "explosiveness" an athlete has. The 

quality of jumping technique certainly impacts  landing  characteristics and greater jumps impart more 

kinetic impact on  landing  quality.[16] 

Muscle strength is a performance-related physical attribute, and it is credited with aiding sportsmen in many 

sports and also daily living activities. For instance, knee extensors carry out crucial movements during 

sitting and standing from the sitting position, walking, ascending and descending stairs. When there is a 

loss of strength in the knee extensors, it may lead to limitations, which affect the functional capacity and 

independence of the person. Strength asymmetry is defined as an absence of equality between limbs or 

muscle groups, and the effect of this asymmetry on the risk of injury and athletic performance has been 

researched extensively in the literature, especially in strength and conditioning science.[17][6] 

In clinical settings, the use of portable traction dynamometers (PTD) has been convenient as they provide 

ease of administration with being cost-effective. A new PTD with Bluetooth data transfer has recently been 

innovated and applied to assess isometric strength of soccer players' knee extensors and flexors as well as 

muscle strength of haemodialysis patients aged. Hence, one can ensure that assessment of strength by means 

of the isometric technique with a PTD is an adequate method in functional capacity assessment.[20] 
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Muscle power of the leg in general, and vertical jump capacity in specific, are regarded as equally important 

determinants of effective athletic performance as they are of performing daily activities and occupational 

tasks.[9] Plyometric training (PT) is widely applied to enhance physical performance in most sport activities 

involving sprinting, jumping, and change of direction ability. While numerous training techniques, such as 

heavy‐resistance training, explosive‐type resistance training, electro-stimulation training and vibration 

training, have proven effective for vertical jump performance enhancement, most coaches and researchers 

appear to be of the opinion that plyometric training (PT) is a treatment of choice when attempting to enhance 

vertical jump capacity and leg muscle power.[17][9] 

PT refers to the performance of stretch-shortening cycle (SSC) movements involving a high-intensity 

eccentric contraction after a strong and fast concentric contraction. For the lower limbs, PT entails the 

performance of varied types of body weight jumping-type exercise including drop jumps (DJs), 

countermovement jumps (CMJs), alternate-leg bounding, hopping and other SSC jumping activities. 

Vertical jump performance has been widely examined following PT. Improved vertical jump height was 

reported in several studies that were done on PT.[18] 

Both lower extremity (LE) and upper extremity (UE) sports apply the plyometric concept in the context of 

functional movement patterns and skill during playing the sport. Plyometric training also utilizes the stretch-

shortening cycle (SSC) by using a lengthening This sudden deceleration-acceleration creates an explosive 

reaction which aids in increasing speed and power of the limb to sport. This explosive reaction enables 

maximal force generation within the shortest time possible. Plyometric training is also described as the 

missing link between strength and return to performance.[18][11] 

The deadlift is a compound, multi-joint lower body lift. Due to the fact that the lift can be done with heavy 

weights, there is a significant mechanical stimulus imposed on the body that is conducive to strength and  
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power adaptation. The deadlift is an excellent exercise for developing posterior chain muscles (e.g., back, 

hips, and hamstrings) due to its setup (i.e. initial position).[13] 

Romanian Deadlift is associated with reduced erector spinae activation in contrast to biceps femoris and 

semitendinosus. Deadlift is usually performed primarily when the focus is on the development of muscles 

in posterior chain and thigh muscles; i.e., gluteus, hamstrings, erector spinae and quadriceps. Thus, Deadlift 

belongs to one of most frequent resistance exercise for posterior lower limb strengthening, and also to its 

variations. Moreover, Deadlift has been cited in most comparative research studies between this exercise 

and other variants such as Stiff Leg Deadlift, Hexagonal Bar Deadlift or Romanian Deadlift.[19][13] 

The need for this study arises from the increasing demand for effective training interventions that can 

enhance explosive performance and mitigate injury risks among volleyball players. Existing literature 

suggests that plyometric training positively influences vertical jump, strength, and neuromuscular 

coordination, which are crucial for volleyball performance. However, comparative analyses between 

plyometric and other strength training modalities, such as deadlift training, remain limited, particularly 

concerning their effects on hamstring muscle strength asymmetry, flight time, and reactive strength index 

in recreational athletes. Therefore, this study aims to fill this gap by evaluating and contrasting the efficacy 

of plyometric and deadlift training programs, thereby providing valuable insights into the most effective 

strategies for improving performance and reducing injury potential in volleyball players. 
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To investigate the impact of plyometric training vs deadlift training on hamstring asymmetry, flight time 

and reactive strength index. 
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OBJECTIVES 
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1. To analyse the influence of plyometric training on hamstring muscle strength asymmetry, flight 

time, reactive strength index in recreational volleyball players.  

2. To examine  effects of deadlift training on hamstring muscle strength asymmetry, flight time, 

reactive strength index in recreational volleyball players.  

3. To differentiate the effects of outcomes of plyometric training and deadlift training regarding 

hamstring muscle strength asymmetry, flight time, and reactive strength index in recreational 

volleyball players. 
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HYPOTHESIS 
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1. Null Hypothesis: There will be no significant difference between plyometric training vs deadlift 

training on Hamstrings strength asymmetry , flight time and Reactive Strength index.  

2. Alternate Hypothesis: There will be Significant Difference between Plyometric training vs 

Deadlift training on Hamstrings strength asymmetry , flight time and Reactive Strength Index. 
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1. The Effect of Plyometric Training in Volleyball Players: A Systematic Review (2019) : Ana 

Filipa Silva , Filipe Manuel Clemente, et al, aimed to review the effects of plyometric training on 

volleyball players’ performance. Results showed that the vertical jump (15 studies) was the major 

ability studied in plyometric training interventions, followed by strength (four studies), horizontal 

jump (four studies), flexibility (four studies) and agility/speed (three studies). In addition, it was 

observed that young (under 18 years old) female athletes were the most studied. The included 

studies indicated that plyometric training seems to increase vertical jump performance, strength, 

horizontal jump performance, flexibility and agility/speed in volleyball players. 

 

2. Relationship of jumping and agility performance in female volleyball athletes (2007) : Jacque 

L Barnes , Brian K Schilling, aimed to quantify vertical and horizontal force during a COD task, 

secondly to identify possible predictors of court-sport-specific agility performance, and thirdly to 

examine performance difference between National Collegiate Athletic Association Division I, II, 

and III athletes. 

 

 

3. Hamstring Injury (2023): Bikash Poudel; Shivlal Pandey, identified the aetiology of a hamstring 

injury and outlined the appropriate evaluation of hamstring injury. Also, they reviewed the 

management options including the rehabilitation and return to sports criteria available for a 

hamstring injury. Describe the importance of inter-professional communication and coordination 

in the management of patients with a hamstring injury. 

 

4. Association between pre-season lower limb inter-limb asymmetry and non-contact lower 

limb injuries in elite male volleyball players (2025) : Pu Wang, Zhikai Qin, aimed to quantify 

lower limb inter-limb asymmetries in elite male volleyball players by assessing key performance 

measures, including vertical jumps, change of direction, and muscle strength. It further explored 

the potential association between these asymmetries and the occurrence of non-contact lower limb 

injuries. 

 

 

5. Accuracy of flight time and countermovement-jump height estimated from videos at 

different frame rates with My Jump.(2023) : This study by Basilio Pueo , Will G Hopkins aims 

to evaluate the accuracy of jump height estimated from videos at different frame rates. It also 

shows that the coaches and trainers can use a video frame of 240hz with My Jump to monitor 

athletes’ countermovement jump height. 

 

  

6. Accuracy of a Vertical Jump Contact Mat for Determining Jump Height and Flight Time.( 

2015): Tyler Whitmer, determined the accuracy of a VJ mat for measuring flight time and VJ 

height compared with a VJ tester or a force plate , wherein vertical VJ tester was used to measure 

jump reach. Compared with the force plate, the VJ mat reported greater VJ height. 

 

 

7. The Acute Effects of Heavy Deadlifts on Vertical Jump Performance in Men. (2015) : Jerry 

C. Arias conducted a study to investigate the effects of deadlifts as a post activation potentiation 

stimulus on vertical jump performance. He concluded that  lack of a positive PAP effect of 

deadlifts on VJ height or pGRF may be attributed to three main findings; firstly, the deadlift 

exercise may not have had enough specificity to the CMJ.Secondly,the  results may have been 

affected by the recovery time chosen and lastly; using only recreationally trained subjects, and not 

a stronger population of athletes, may have contributed to the lack of PAP response. 
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8. Does plyometric training improve vertical jump height? A meta-analytical review.(2017):  
Goran Markovic , conducted a study to determine the precise effect of plyometric training (PT) on 

vertical jump height in healthy individuals. The study showed PT provides a statistically 

significant and practically relevant improvement in vertical jump height with the mean effect 

ranging from 4.7% (SJ and DJ), over 7.5% (CMJA) to 8.7% (CMJ). These results justify the 

application of PT for the purpose of development of vertical jump performance in healthy 

individuals. 

 

 

9. Clinical commentary current concepts of plyometric exercise.(2015) : George Davies , 

conducted a study to provide an overview of plyometrics including definition, phases, the 

physiological, mechanical and neurophysiological basis of plyometrics, and to describe clinical 

guidelines and contraindications for implementing plyometric programs. He included the use of 

Plyometrics for training UL and LL, contraindications and empirically based suggestions for 

criteria to begin a plyometric program. Lack of evidences are there to support the dosage for 

plyometric training and its progression. 

 

10.  Reliability and Validity of a Portable Traction Dynamometer in Knee-Strength Extension 

Tests: An Isometric Strength Assessment in Recreationally Active Men.(2023) : Danielle 

Garcia, determined the validity and reliability of measurements obtained using the portable 

traction dynamometer (PTD) (E-Lastic, E-Sports Solutions, Brazil) and the reproducibility 

between evaluators (precision) in the evaluation of the isometric muscle strength of the knee 

extensors of healthy male adults, compared to measurements obtained with the "gold standard" 

computerized dynamometer (CD). 

 

11.  Effects of Plyometric Training on Lower Body Muscle Architecture, Tendon Structure, 

Stiffness and Physical Performance- A Systematic Review and Meta‑analysis.(2020): María 

Ramírez‑delaCruz determined the precise effect of plyometric training (PT) on vertical jump 

height in healthy individuals. The study showed PT increased the thickness,  and fascicle length of 

the evaluated muscles. In addition, plyometrics is an effective tool for increasing tendon stiffness 

and improving jump and strength performance of the lower body. 

 

12.  The influence of jumping performance and coordination on the spike ability of young 

volleyball athletes.( 2022): Mohd Izwan Shahril ,conducted this study to determine the influence 

of jumping performance and coordination parameters in young volleyball athletes. The study 

showed coaches can use the information in this study as a guideline to develop the training 

programmed to improve their athletic effectiveness in spiking. 

 

 

13.  Reactive strength index modified is a valid measure of explosiveness in collegiate female 

volleyball players.(2015) : Kristof  Kipp, Michael T. Kiely , investigate the validity of the 

Reactive Strength Index modified (RSImod) as a measure of lower body explosiveness. 

 

14. The association between reactive strength index and reactive strength index modified with 

approach jump performance (2022) : Jernej Pleša , Žiga Kozinc , Darjan Smajla, was to assess 

the associations between reactive strength index (RSI), reactive strength index modified (RSImod) 

and approach jump performance in male volleyball players. The results indicated that the  
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relationships among different RSI variants and approach jump in volleyball players were moderate 

to strong, with the highest correlations being observed for RSImod from bilateral CMJ. 

 

 

15. Effects of Plyometric Jump Training on the Reactive Strength Index in Healthy Individuals 

Across the Lifespan: A Systematic Review with Meta-analysis(2023): Rodrigo Ramirez-

Campillo, Rohit K Thapa, aimed to examine the effects of PJT on the RSI of healthy individuals 

across the lifespan compared with active/specific-active controls. They concluded that the effects 

of PJT on the RSI were greater compared with active/specific-active controls, including traditional 

sport-specific training as well as alternative training interventions (e.g., high-load slow-speed 

resistance training). This conclusion was derived from 61 articles with low risk of bias (good 

methodological quality), low heterogeneity, and moderate certainty of evidence, comprising 2576 

participants. PJT-related improvements on RSI were greater for adults versus youths, after > 7 

training weeks versus ≤ 7 weeks, with > 14 total PJT versus ≤ 14 sessions, and with three 

versus < three weekly sessions. 

 

16. The Relationship Between Maximum Jump Performance and Force-time Variables of Block 

Landing Skill in Junior Elite Volleyball Players (2021) : Ali Fatahi , Razieh Yousefian Molla , 

aimed to investigate the possible correlation between Maximum Jump (MJ) performance and 

force-time variables of volleyball block landing. Peak vertical impact forces were reported in a 

range of 1.8-3.5 BW (F1, F2) during 27 to 83 ms of peak times (T1, T2). Significant positive 

correlations were obtained between temporal variables of time of peaks (T1, T2), the time elapsed 

between peaks (TP), and end of landing time (Tf). A significant negative correlation was found 

between F2 and T2 and a significant positive correlation between MJ performance with peak 

vertical forces (F1, F2). 

 

 

17. Examination of Hamstring Eccentric Muscle Strength and Limb Asymmetry with Nordbord 

Devices (2025): Elif Sibel Atış , Özgür Aktürk , aimed to investigate the hamstring eccentric 

muscle strength and limb asymmetry in young football players. They concluded that the 

asymmetry values of U17 and U19 football players (30 males) were found well below the value 

(8,55 ± 5,13) recommended by the experts. The low correlation results between right muscle 

strength and asymmetry in our study indicate that right hamstring muscle strength does not 

notably effect the asymmetry of the players. In contrast, it was found to have an effect on 

asymmetry for the left hamstring muscle group strength. 

 

18. Understanding the deadlift and its variations (2019) : Clifton J. Holmes , aimed to make the 

reader understand what the deadlift exercise is and how it can be beneficial for anyone going 

through a resistance training program; gain foundational knowledge about the similarities and 

differences between deadlift exercise variations; be able to avoid the common errors associated 

with the deadlift exercises in order to stay safe and injury-free; and know how to determine which 

deadlift exercise variation is best for a particular individual. 

19. Effects of Plyometric Training on Physical Performance: An Umbrella Review (2023) : 

Rafael L. Kons , Lucas B. R. Orssatto , aimed to systematically review, summarize the findings, 

and access the quality of published meta-analyses investigating the effects of plyometric training 

on physical performance. The available evidence indicated that plyometric training improved most 

related physical fitness parameters and sports performance.  
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20. Investigating the impact of inter-limb asymmetry in hamstring strength on jump, sprint, 

and strength performance in young athletes: comparing the role of gross force (2023) : 

Dongting Jiang , Zijian Liu , conducted a study to examine the impact of the inter-limb asymmetry 

of hamstring strength on jump, sprint and strength performance and to compare the effects of 

inter-limb asymmetry of hamstring strength with gross force (GF) of the hamstring on these 

physical qualities in youth volleyball athletes. 
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Sr. No Authors 

(Year) 

AIM METHO

D 

FINDING

S 

INSIGHT

S 

ROL 

1 Ana Filipa 

Silva, 

Filipe 

Manuel 

Clemente, 

et al. 

(2019) 

To review 

the effects 

of 

plyometric 

training on 

volleyball 

players’ 

performan

ce. 

Systematic 

review of 

15 studies 

on vertical 

jump, 4 on 

strength, 4 

on 

horizontal 

jump, 4 on 

flexibility, 

3 on 

agility/spe

ed. 

Plyometric 

training 

increases 

vertical 

jump, 

strength, 

horizontal 

jump, 

flexibility, 

agility/spe

ed. 

Young 

female 

athletes 

under 18 

most 

studied. 

Plyometric 

training 

improves 

multiple 

performan

ce factors 

in 

volleyball 

players. 

2 Jacque L 

Barnes, 

Brian K 

Schilling 

(2007) 

To 

quantify 

vertical 

and 

horizontal 

force 

during 

COD task 

Study 

compared 

NCAA 

Div I, II, 

III female 

volleyball 

athletes in 

jump and 

Identified 

predictors 

of court-

sport-

specific 

agility 

performan

ce. 

Force 

production 

linked with 

agility 

differences 

across 

divisions. 

Jumping 

and agility 

performan

ce closely 

related in 

volleyball 

athletes. 
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and 

examine 

predictors 

of agility 

performan

ce. 

agility 

tests. 

3 Bikash 

Poudel; 

Shivlal 

Pandey 

(2023) 

To identify 

etiology, 

evaluation, 

and 

manageme

nt of 

hamstring 

injury. 

Narrative 

review of 

literature 

on 

hamstring 

injuries. 

Outlined 

evaluation 

methods, 

rehab 

strategies, 

and RTS 

criteria. 

Highlighte

d inter-

profession

al 

coordinati

on in 

manageme

nt. 

Comprehe

nsive 

hamstring 

injury 

manageme

nt requires 

multi-

disciplinar

y 

approach. 

4 Pu Wang, 

Zhikai Qin 

(2025) 

To 

quantify 

inter-limb 

asymmetry 

and its 

association 

with non-

Study on 

elite male 

volleyball 

players 

assessing 

jumps, 

COD, and 

Inter-limb 

asymmetri

es linked 

with risk 

of non-

contact 

Pre-season 

screening 

of 

asymmetri

es may 

help 

Lower 

limb 

asymmetry 

is a 

predictor 

of injury 

risk. 
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contact 

injuries. 

strength 

asymmetri

es. 

lower limb 

injuries. 

prevent 

injuries. 

5 Basilio 

Pueo, Will 

G Hopkins 

(2023) 

To 

evaluate 

accuracy 

of jump 

height 

estimation 

from 

videos at 

different 

frame 

rates. 

Compared 

My Jump 

app using 

240Hz vs 

other 

frame 

rates. 

240Hz 

video 

provides 

accurate 

CMJ 

height 

estimation. 

Coaches 

can 

reliably 

monitor 

jump 

performan

ce using 

My Jump. 

Video-

based tools 

are valid 

alternative

s for jump 

monitoring

. 

6 Tyler 

Whitmer 

(2015) 

To 

determine 

accuracy 

of vertical 

jump (VJ) 

contact 

mat vs 

force plate. 

Compared 

jump 

height and 

flight time 

using VJ 

mat, VJ 

tester, and 

force plate. 

VJ mat 

overestima

ted jump 

height 

compared 

to force 

plate. 

Caution 

needed 

when 

using VJ 

mats for 

precise 

measurem

ent. 

Force 

plates 

remain 

gold 

standard 

for jump 

analysis. 
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7 Jerry C. 

Arias 

(2015) 

To 

investigate 

deadlifts as 

a PAP 

stimulus 

on VJ 

performan

ce. 

Tested 

heavy 

deadlifts 

followed 

by 

countermo

vement 

jumps. 

No 

significant 

PAP effect 

observed. 

Lack of 

specificity, 

recovery 

time, and 

participant 

strength 

may 

explain 

findings. 

Deadlifts 

may not be 

optimal 

PAP 

stimulus 

for VJ. 

8 Goran 

Markovic 

(2017) 

To 

determine 

effect of 

plyometric 

training on 

vertical 

jump 

height. 

Meta-

analysis of 

plyometric 

training 

studies in 

healthy 

individuals

. 

Statisticall

y 

significant 

improvem

ents: SJ/DJ 

+4.7%, 

CMJA 

+7.5%, 

CMJ 

+8.7%. 

Confirms 

plyometric 

training 

efficacy 

for jump 

performan

ce. 

PT 

significantl

y enhances 

jump 

height 

across 

jump 

types. 

9 George 

Davies 

(2015) 

To provide 

overview 

of 

plyometric 

Narrative 

clinical 

commentar

y. 

Explained 

physiology

, 

mechanics, 

Discussed 

contraindic

ations and 

progressio

Provides 

clinical 

framework 

for safe 
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exercises 

and 

guidelines. 

phases, UL 

& LL 

application

s. 

n 

guidelines. 

plyometric 

training. 

10 Danielle 

Garcia 

(2023) 

To 

determine 

validity of 

portable 

traction 

dynamome

ter (PTD). 

Compared 

PTD 

results 

with 

computeriz

ed 

dynamome

ter in knee 

extensor 

tests. 

PTD 

reliable 

and valid 

for 

measuring 

isometric 

strength. 

Can be 

used in 

sports 

settings for 

strength 

monitoring

. 

Portable 

tools are 

effective 

alternative

s for lab 

devices. 

11 María 

Ramírez‑d

elaCruz 

(2020) 

To review 

effects of 

plyometric 

training on 

muscle and 

tendon 

structure. 

Systematic 

review and 

meta-

analysis. 

PT 

increased 

muscle 

thickness, 

fascicle 

length, 

tendon 

stiffness, 

and 

Supports 

use of PT 

for 

strength 

and 

performan

ce 

developme

nt. 

Plyometric

s improves 

both 

muscle 

architectur

e and 

function. 
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performan

ce. 

12 Mohd 

Izwan 

Shahril 

(2022) 

To study 

influence 

of jumping 

performan

ce and 

coordinati

on on 

spiking 

ability. 

Study with 

young 

volleyball 

athletes 

assessing 

coordinati

on and 

jump 

measures. 

Jumping 

and 

coordinati

on strongly 

correlated 

with spike 

performan

ce. 

Coaches 

can use 

findings to 

design 

spiking 

programs. 

Spiking 

ability is 

influenced 

by 

coordinati

on and 

jump 

ability. 

13 Kristof 

Kipp, 

Michael T. 

Kiely 

(2015) 

To validate 

RSImod as 

measure of 

explosiven

ess. 

Tested 

RSImod in 

collegiate 

female 

volleyball 

players. 

RSImod 

valid for 

measuring 

lower body 

explosiven

ess. 

Provides a 

practical 

measure 

for 

coaches. 

RSImod is 

a valid 

explosiven

ess 

assessment 

tool. 

14 Jernej 

Pleša, Žiga 

Kozinc, 

Darjan 

To assess 

association 

between 

RSI, 

RSImod 

Male 

volleyball 

players 

tested on 

RSI 

Moderate 

to strong 

correlation

s, highest 

with 

RSImod 

best 

predictor 

of 

RSImod 

strongly 

linked to 

volleyball-
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Smajla 

(2022) 

and 

approach 

jump. 

variants 

and jump. 

RSImod 

from 

bilateral 

CMJ. 

approach 

jump. 

specific 

jumps. 

15 Rodrigo 

Ramirez-

Campillo, 

Rohit K 

Thapa 

(2023) 

To 

examine 

PJT effects 

on RSI 

across 

lifespan. 

Systematic 

review and 

meta-

analysis of 

61 studies 

(2576 

participant

s). 

PJT 

improves 

RSI vs 

controls, 

greater in 

adults, >7 

weeks, 

>14 

sessions, 

≥3 

sessions/w

eek. 

Training 

volume 

and 

duration 

are key for 

RSI gains. 

PJT 

enhances 

RSI with 

optimal 

programmi

ng. 

16 Ali Fatahi, 

Razieh 

Yousefian 

Molla 

(2021) 

To 

correlate 

MJ 

performan

ce and 

block 

landing 

Junior elite 

volleyball 

players 

tested on 

MJ and 

block 

Significant 

positive 

and 

negative 

correlation

s found 

between 

MJ 

performan

ce linked 

with peak 

vertical 

forces 

Landing 

mechanics 

tied to 

jump 

performan

ce. 



27 
 

force-time 

variables. 

landing 

forces. 

jump and 

landing 

metrics. 

during 

landing. 

17 Elif Sibel 

Atış, 

Özgür 

Aktürk 

(2025) 

To 

investigate 

hamstring 

eccentric 

strength 

and 

asymmetry 

with 

NordBord. 

U17 and 

U19 male 

football 

players 

tested. 

Asymmetr

y values 

lower than 

expert 

cutoff; left 

hamstring 

strength 

affected 

asymmetry

. 

Left 

hamstring 

strength 

influences 

asymmetry 

more than 

right. 

Asymmetr

y patterns 

differ by 

limb 

dominance

. 

18 Clifton J. 

Holmes 

(2019) 

To explain 

deadlift 

and 

variations 

for training 

and safety. 

Narrative 

overview. 

Outlined 

benefits, 

variations, 

errors, 

safety tips. 

Helps 

trainers 

choose 

appropriat

e deadlift 

type. 

Deadlifts 

are 

foundation

al but 

require 

proper 

technique. 



28 
 

19 Rafael L. 

Kons, 

Lucas B. 

R. Orssatto 

(2023) 

To 

summarize 

findings of 

meta-

analyses 

on 

plyometric 

training. 

Umbrella 

review of 

PT studies. 

PT 

improves 

physical 

fitness 

parameters 

and sports 

performan

ce. 

Strong 

evidence 

for PT 

efficacy. 

Confirms 

PT as 

effective 

for 

multiple 

sports 

outcomes. 

20 Dongting 

Jiang, 

Zijian Liu 

(2023) 

To study 

hamstring 

asymmetry 

effects on 

performan

ce in youth 

volleyball 

athletes. 

Tested 

hamstring 

strength 

asymmetry 

vs gross 

force for 

jump, 

sprint, 

strength. 

Asymmetr

y 

negatively 

impacts 

performan

ce, gross 

force more 

influential. 

Both 

asymmetry 

and gross 

force 

affect 

performan

ce, GF 

more 

strongly. 

Hamstring 

GF plays 

bigger role 

than 

asymmetry 

in youth 

athletes. 
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METHODOLOGY 
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●STUDY POPULATION: Recreational Volleyball players 

●STUDY SETTING: Local clubs and academy , Bhubaneswar. 

●SAMPLING DESIGN: Purposive sampling  

●SAMPLING CRITERIA:  

INCLUSION:   

 Participants were aged between 18 and 30 years. 

 Both male and female recreational volleyball players were considered eligible. 

 Only those who were actively engaged in recreational volleyball were included. 

 Participants did not have any ongoing musculoskeletal injuries or medical conditions that could 

have interfered with their ability to undergo the training programme.  

EXCLUSION:  

 Individuals who had sustained musculoskeletal injuries within the previous six months were 

excluded from the study. 

 Those with a history of cardiovascular, musculoskeletal, or neurological disorders, or any past 

illness or injury that could have influenced the outcomes, were not included. 

●SAMPLE SIZE: 60 

●DURATION: 06 months 

●MATERIALS TO BE USED: Mobile phone with good video quality , Tripod, Isometric Dynamometer, 

jump mat, Pen, paper and assessment form, Jump box 
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●Outcome Measures:  

Primary Outcome :My Jump 2 Application, Flight Time, Reactive Strength Index (RSI) . 

Secondary Outcome: Isometric Dynamometer, Hamstring Strength Asymmetry. 
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PROCEDURE 
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Randomized (n=60) 

Excluded (n=0) 

 

Assessed for eligibility (n=60) 

Lost to follow-up (give reasons) (n=0) Discontinued 

intervention (give reasons) (n=0) 

Follow-Up 

Allocated to intervention (n=30) 

Received allocated intervention (n=30) 

Did not receive allocated intervention 

(give reasons) (n=0) 

Allocated to controlled group (n=30) 

Received allocated exercises (n=30) 

Did not receive allocated exercises (give 

reasons) (n=0) 

Allocation 

Lost to follow-up (give reasons) (n=0) 

Discontinued intervention (give reasons) (n=0) 

 

 

CONSORT 2010 Flow Diagram 

 

 

 

 

 

  

 

 

Analysis 

Analysed (n=48) 

 Excluded from analysis (give reasons) (n=0) 

Analyzed (n=48) 

 Excluded from analysis (give reasons) (n=0) 
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Ethical Clearance from the Institutional Ethics Committee was taken. Participants were 

evaluated and then according to the  basis of inclusion standards. After properly 

informing about the procedure, basic demographic data was obtained and consent forms 

were signed by the participants. Following selection, the participants were subjected to 

an initial pre-intervention appraisal  to obtain baseline measurements of their physical 

capabilities, including strength and jump performance. Once the participants undergo 

screening they were divided in two groups broadly, which later were sub-divided 

according to gender (Male, Female) .One group receiving Plyometric training and the 

other receiving Deadlift training. The training interventions, which consists of 

plyometric training and deadlift training, were then administered over a period of six 

months, with careful monitoring of each participant's progress. Throughout the study, 

data collection was conducted at regular intervals to track improvements and any 

operational ability metrics. After the completion of the training period, a post-

intervention assessment was performed to examine the efficacy of methods of training 

on the hamstring muscle strength asymmetry, flight time, and reactive strength index. 

The entire process was conducted under ethical guidelines, ensuring participant consent 

and confidentiality were maintained throughout the study. 
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RESULTS 
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60 recreational volleyball players fitting the inclusion criteria and consenting to 

participate were recruited and were randomised using the chit method. Allocation of 60 

players with 30 players in the plyometric group and 30 deadlift group. Data analysis 

was conducted with the technical usage of SPSS. Descriptive statistics were analysed 

for each treatment group. Data was then tested for Normality using the Shapiro-Wilk 

test. Students t test and Wilcoxon sign rank test for intragroup & the independent t test 

and Mann Whitney U test was used for intergroup comparison.  For all analyses, 

statistical tests were one-tailed, set at 95% confidence interval and the threshold of the 

p-value considered significant was set at <0.05 or <0.001 

 

 

 

Table 1: Tests used for calculating p- value 

Outcome Measure Within group Between Group 

Assymetry % Student t test  Independent t test  

Flight time  Student t test  Independent t test  

RIS Student t test  Independent t test  
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BASELINE ANALYSIS  

 

 Plyometric group  Deadlift group  

 

Age 23.6 ± 2.5 23.8 ± 3.07 

 

 

 

Figure 1: shows mean of age in both groups 

 

 

 

 

 

 

 

Age
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Plyometric group  

 

 

Figure 2 : Demonstrates distribution of gender in Plyometric group. 

 

 

 

 

 

 

 

Series1, M, 
24, 80%

Series1, F, 6, 
20%

PLYOMETRIC

M

F
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Deadlift group  

 

 

Figure 3: Demonstrates distribution of gender in Deadlift group  

 

 

 

 

 

 

 

Series1, M, 
18, 60%

Series1, F, 
12, 40%

DEADLIFT 

M

F
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INTERGROUP ANALYSIS 

Asymmetry % 

Groups Pre mean  Post mean  Mean 

difference  

Pvalue  Effect size  

Plyometric 

group  

8.8 ± 5.8 6.6 ±5.6 2.2  p<.001 0.71 

Deadlift group   8.3 ±6.1 7.6 ± 6.1 0.7 p = .075 0.34 

 

 

 

 

ASSYMETRY %

Plyometric group Deadlift group
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Figure 4: Plyometric Hamstrings asymmetry 

 

 

 

 

Figure 5 : Deadlift Hamstrings asymmetry 

Hamstring Strength Asymmetry Distribution : The distribution appears approximately 

bell-shaped, suggesting normality. Shapiro-Wilk test results indicated a p-value 

greater than 0.05 (though exact values are not provided). 

Interpretation: The data likely follow a normal distribution, justifying the use of 

parametric tests like the t-test. 
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Pre-Intervention Hamstring Asymmetry Distribution : The initial distribution appears 

normal, with a symmetrical bell shape. Normality confirmed via Shapiro-Wilk test (p 

> 0.05). Interpretation: The baseline asymmetry data are suitable for parametric 

analysis. 
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Flight time  

Groups Pre mean  Post mean  Mean 

difference  

Pvalue  Effect size  

Plyometric 

group  

 274.7 ±8.7 313.5 ± 10.3 38.8 p<.001 7.5 

Deadlift group  274.7 ± 11.6  289.7  15 p<.001 3.14 

 

 

For both the groups, there is a significant difference in pre- and post-values for the 

Flight time with large effect size for plyometric group. 

 

FLIGHT TIME

Plyometric group Deadlift group
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Figure 5: Plyometric flight time  

 

 

 

 

Figure 8 : Deadlift flight time 

Flight Time Distribution : The bell curve demonstrates a symmetric shape with a peak 

near the mean, indicative of normality. Shapiro-Wilk test yielded a p-value above 

0.05, confirming the assumption of normality.  

Interpretation: The distribution of flight time data can be considered normal. 
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Pre-Intervention Flight Time Distribution: The curve displays good symmetry with a 

peak at the mean. Shapiro-Wilk test indicates p > 0.05.  

Interpretation: The data are normally distributed at baseline. 
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RSI 

Groups Pre mean  Post mean  Mean 

difference  

Pvalue  Effect size  

Plyometric 

group  

1.3 ± 0.04 1.6± 0.05 

 

0.3 p<.001 8.87 

Deadlift group   1.2 ± 0.04 1.3 ± 0.06  0.1 p<.001 4.92 

 

 

For both groups, there is a significant difference in pre- and post-values for the RSI. 

Plyometric training seems more effective for performance improvement in this outcome 

measure than Deadlift training. 

 

RIS 

Plyometric group Deadlift group



47 
 

 

Figure 6: Plyometric RSI 

 

Figure 9 : Deadlift RSI 

Reactive Strength Index (RSI) Distribution : The shape is symmetrical with no 

apparent skewness; however, some slight kurtosis may exist. The Shapiro-Wilk test 

suggests p > 0.05, supporting normality.  

Interpretation: The RSI data are normally distributed, justifying parametric testing. 

Pre-Intervention RSI Distribution : The distribution resembles a normal curve, as 

confirmed by the Shapiro-Wilk test (p > 0.05). Interpretation: The baseline RSI data 

follow a normal distribution. 
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INTRAGROUP ANALYSIS 

 

Outcome 

measure  

Plyometrics  Deadlift  P value  Effect size  

Inter asymmetry  2.2 ±0.2 0.7 p>0.05  0.18 

Flight time  38.8 ±1.6 15 ±0.2 p>0.05  2.2 

RIS  0.3 ± 0.01 0.1± 0.02 

 

p>0.05  3.91 

 

Between-group analysis there is found to be no significant difference between all 

outcome measures in the plyometric and deadlift groups. 
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DISCUSSIONS 
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The aim of this study sought to compare the efficacy of plyometric training and 

deadlift training on three key performance outcomes: asymmetry percentage, flight 

time, and reactive strength index (RSI). Both interventions resulted in meaningful 

improvements, though the magnitude and nature of changes differed between groups. 

The findings provide important insights into how different strength and power 

training modalities influence neuromuscular performance. 

The results demonstrated that plyometric training produced a significant reduction in 

asymmetry percentage (Δ = 2.2%, p < .001, d = 0.71), while the deadlift group 

showed only a small and non-significant change (Δ = 0.7%, p = .075, d = 0.34). Inter-

limb asymmetry is a critical factor in sports performance, as excessive asymmetry has 

been linked with decreased motor efficiency, impaired coordination, and heightened 

injury risk (1) 

The greater improvement in the plyometric group can be explained by the unilateral 

and dynamic nature of plyometric drills, which inherently challenge athletes to use 

both limbs symmetrically during take-off and landing. These repeated, high-velocity 

actions may enhance proprioceptive feedback, neuromuscular coordination, and 

muscular balance across limbs.(2) In contrast, deadlift training, though effective for 

increasing bilateral strength, is less likely to address subtle imbalances between limbs, 

since it is predominantly a bilateral and sagittal-plane movement. Thus, while 

deadlifts may enhance overall force output, they do not provide the same corrective 

stimulus for asymmetry as plyometric training.(3) 

Both groups showed significant gains in flight time, but the magnitude was 

considerably higher in the plyometric group (Δ = 38.8 ms, d = 7.5) as shown in study 

of Markovic G et al compared to the deadlift group (Δ = 15 ms, d = 3.14). (4) Flight 
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time is a proxy for jump performance and reflects the athlete’s ability to generate 

explosive power and utilize the stretch–shortening cycle (SSC) effectively. 

Plyometric movements based on the body weight of the athlete condition the muscles, 

connective tissue, and nervous system to effectively perform the stretch-shortening 

cycle.(2) Plyometric training targets SSC efficiency most directly by focusing on quick 

eccentric loading and then explosive concentric movement, such as in jump squats, 

bounds, and drop jumps.. This training likely enhances neuromuscular recruitment, 

motor unit synchronization, and rate of force development (RFD), all of which 

contribute to longer flight times. Prior studies confirm that plyometric training can 

improve vertical jump performance and sprint acceleration according to study of 

Markovic & Mikulic et al published in year  2010) (5). Exercises like Plyometric 

induces improvement in neuromuscular control in female athletes (6) 

Deadlift training, on the other hand, focuses on building maximum strength in the 

posterior chain muscles, specifically the hamstrings, gluteals, and erector spinae, 

which strengthens the lower body's foundation. The transfer to explosive sport-

specific actions is somewhat limited, even though such increases in maximal strength 

are significant for overall athletic development and can lead to modest improvements 

in jump height. This is due to the fact that deadlifts do not require the velocity-

specific and stretch-shortening cycle (SSC) demands that are characteristic of 

plyometric exercises. Enhancing flight time and reactive strength in volleyball 

requires the ability to quickly absorb and reapply force during high-velocity 

eccentric–concentric transitions. The neuromuscular demands of repeated jumping 

tasks are not adequately replicated by deadlifts because they are executed at slower 

movement velocities with longer force application times. Therefore, plyometric 

training is more effective than deadlift training at eliciting the neural and mechanical 
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adaptations needed to improve flight time and explosive jump performance, even 

though deadlift training may provide a solid foundation for force production..(3) 

Both groups demonstrated significant gains in RSI, but the plyometric group achieved 

markedly larger improvements (Δ = 0.3, d = 8.87) than the deadlift group (Δ = 0.1, d 

= 4.92). RSI is an important indicator of an athlete’s ability to rapidly switch from 

eccentric to concentric muscle actions, which is critical in movements such as 

sprinting, cutting, and rebounding. 

Given the training specificity principle, it is not surprising that the plyometric group's 

RSI improved more than the others. Plyometric exercises mimic the high-velocity 

stretch-shortening demands of athletics, resulting in neuromuscular adaptations that 

directly improve RSI. Deadlift training, on the other hand, strengthens the relevant 

muscles but does so more slowly and under controlled circumstances with less 

involvement of the SSC. This explains why the deadlift group's RSI improved more 

modestly but significantly. 

Although there were notable within-group gains in the plyometric and deadlift groups, 

the between-group analysis showed no statistically significant differences in 

asymmetry, flight time, or RSI (p >.05). Methodological and contextual factors are 

largely responsible for this lack of separation. Even when the mean differences 

seemed significant, the study's ability to identify genuine between-group differences 

was hampered by the comparatively small sample size, which also limited statistical 

power. The statistical signal was further diluted by high group variability, especially 

in asymmetry measures, where large standard deviations represented inconsistent 

individual training responses. While longer programs might have allowed structural 

and mechanical adaptations to diverge more clearly between groups, the relatively 
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short training duration may also have played a role, as both interventions probably 

produced early-phase neural adaptations. Furthermore, there may have been less 

contrast in short-term results due to some overlap in training effects, where 

plyometrics indirectly reinforce force production and deadlifts improve foundational 

strength. Subtle variations may have been masked by measurement sensitivity and 

daily performance variations, and individual adaptation patterns may have been 

further impacted by participant training backgrounds and baseline fitness. All of these 

factors work together to explain why the study found significant improvements within 

groups but no statistically significant differences between groups. This underscores 

the need for larger cohorts, longer intervention periods, and stricter control over 

participant characteristics in future research to better distinguish the unique 

advantages of strength-based and plyometric training. 

However, effect size analysis revealed meaningful practical differences. For example, 

plyometric training showed larger effects for flight time (d = 2.2) and RSI (d = 3.91), 

even though p values were non-significant. This suggests that, from a performance 

standpoint, plyometric training may be more beneficial despite the lack of statistical 

significance in direct group comparisons 

Plyometric training works especially well for improving reactive ability, explosive 

power, and jump performance.(7) For athletes participating in sports like basketball, 

volleyball, soccer, and tennis, where high-intensity movements are supported by SSC 

efficiency, it is therefore extremely relevant. A primary skill required in volleyball is 

the ability to jump high for spikes, blocks, and serves. Plyometric exercises such as 

depth jumps, squat jumps, and bounding improve the stretch–shortening cycle (SSC) 

of muscles. This enhances rate of force development (RFD), enabling players to 

generate greater force in shorter ground contact times, leading to higher vertical 
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jumps. Research consistently shows that plyometric programs improve jump height in 

volleyball athletes by 7–15% over short training periods. Moreover ,Volleyball is not 

only about vertical jumps but also about quick lateral shuffles, dives, and transitions 

between offense and defence. Plyometric drills such as lateral hops, single-leg 

bounds, and multidirectional jumps enhance neuromuscular coordination and 

proprioception, leading to faster and more efficient movement transitions. This 

contributes to better court coverage and defensive agility. .(7)  

Although deadlift training is less useful for enhancing SSC-specific results, it is still 

beneficial for building posterior chain robustness, maximal strength, and trunk 

stability. These characteristics are essential for both preventing injuries and producing 

power. (7) Exercises like plyometric along with jumps are frequently incorporated into 

the mid-stage and final phases of return-to-play or return-to-progression (RTP) 

programs, as they play a crucial role in restoring explosive power, neuromuscular 

control, and sport-specific movement patterns.(8) 

Coaches might think about incorporating both plyometric and deadlift training into a 

periodized training program rather than treating them as mutually exclusive. Deadlifts 

can develop the foundation of strength that supports power expression, while 

plyometrics can offer the velocity-specific stimulus for explosive actions.(9) 

It is important to recognize a number of limitations. First, the statistical power to 

identify differences between groups was constrained by the comparatively small 

sample size. Second, the study only used brief interventions; group contrasts might be 

more pronounced with longer training times. Third, only three outcome measures 

were looked at; a more thorough evaluation would be obtained by including other 

performance indicators like sprint speed, agility, and rate of force development. 
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Future studies should look into various periodization models, the combined effects of 

plyometric and deadlift training, and the long-term retention of adaptations. 

Furthermore, evaluating underlying physiological alterations (such as tendon stiffness, 

muscle architecture, and electromyography) may help clarify the processes underlying 

performance gains. 

 The present study concluded that both plyometric and deadlift training were effective 

in improving performance-related outcomes, but the magnitude of improvement was 

consistently greater with plyometric training. Plyometric training produced significant 

reductions in asymmetry, larger gains in flight time, and superior improvements in 

RSI compared to deadlift training. Although between-group differences did not reach 

statistical significance, effect size analysis suggests that plyometric training provides 

greater practical benefits for athletes seeking to maximize explosive and reactive 

performance capacities 
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The present study examined the comparative efficacy of plyometric training and 

deadlift training on hamstring muscle strength asymmetry, flight time, and reactive 

strength index (RSI) in recreational volleyball players. Based on the findings, both 

trainings led to significant improvements in the targeted performance parameters, 

highlighting their beneficial roles in enhancing explosive strength and neuromuscular 

coordination. Notably, plyometric training demonstrated a greater magnitude of 

effect, with larger effect sizes observed in flight time, RSI, and reduction of muscle 

strength asymmetry. 

This aligns with existing literature indicating that plyometric exercises enhance the 

stretch-shortening cycle efficiency, neuromuscular recruitment, and explosive power, 

which are vital for volleyball performance. The findings suggest  plyometric training 

may be produces better efficacy than deadlift training in optimizing athletic 

performance and addressing muscle strength imbalances, which are common injury 

risk factors in volleyball players. Consequently, incorporating plyometric exercises 

into regular training regimens could lead to improved vertical jumps, faster reaction 

times, and reduced injury susceptibility. 

Furthermore, this study underlines the importance of sport-specific conditioning 

programs that address muscle asymmetries and neuromuscular coordination, essential 

for both performance enhancement and injury prevention. The results support the 

hypothesis that targeted plyometric interventions yield superior neuromuscular 

adaptations compared to traditional strength training modalities such as deadlifts. 

In conclusion, training protocols aimed at improving explosive power and muscular 

symmetry should consider prioritizing plyometric exercises for their demonstrated 

efficacy. Coaches, trainers, and sports physiotherapists are encouraged to incorporate  
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such evidence-based methods into athlete conditioning programs. Future research may 

explore long-term effects, different age groups, and competitive levels to refine 

training strategies further. 
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LIMITATIONS 
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1. The study included a relatively small sample size (n=60), limiting 

generalization to larger or elite populations. 

2. The intervention lasted only six months, which may not reflect long-term effects 

or retention of training gains. 

3. Only three parameters (hamstring asymmetry, flight time, and RSI) were 

evaluated, leaving out other performance indicators such as sprinting ability, 

agility, and endurance. 

4. Participants were drawn from a single geographic region, reducing external 

validity. 
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FUTURE SCOPE 
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1. Future studies should recruit larger and more diverse samples, including elite 

and professional volleyball players. 

2. Longer-term follow-up is needed to assess the sustainability of training 

adaptations. 

3. Additional performance outcomes such as sprint speed, agility, and rate of force 

development should be evaluated. 

4. Comparative protocols combining plyometric and deadlift training may be 

explored to identify synergistic benefits. 
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This research explored the comparative impacts of plyometric training versus deadlift 

training on key performance parameters in recreational volleyball players, focusing on 

hamstring muscle strength asymmetry, flight time, and reactive strength index (RSI). 

The rationale stemmed from the need to optimize training interventions that enhance 

explosive movements and reduce injury risks, which are critical in a sport 

characterized by rapid, high-intensity actions. 

The methodology involved baseline assessment of all participants, who were then 

randomly assigned to either plyometric or deadlift training groups. Over a six-month 

intervention period, both groups engaged in targeted training routines, with 

subsequent post-intervention evaluations. The results revealed significant 

improvements across all parameters in both groups, with the plyometric group 

exhibiting larger effect sizes, indicating a more substantial enhancement in explosive 

power, neuromuscular coordination, and muscle balance. 

The findings corroborate existing research that supports the efficacy of plyometric 

training in athletic performance, especially for sports requiring rapid stretch-

shortening cycle activity such as volleyball. The increased flight time and RSI reflect 

improved neuromuscular responsiveness, while the reduction in hamstring asymmetry 

suggests a lower injury risk profile. Although both training modalities were 

beneficial, the superior effectiveness of plyometric exercises underscores their 

importance in athletic conditioning programs. 

In essence, this study emphasizes the strategic role of plyometric training in sports 

performance and injury prevention. It advocates for the integration of plyometric 

routines tailored to the athletes’ needs, potentially offering a cost-effective, efficient  
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approach to athletic development. The insights derived contribute valuable evidence 

for practitioners aiming to design optimal training environments that foster peak 

performance and athlete safety. 
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Annexure 1 

Informed Consent form to participate in a clinical trial  

 

 

Study Title:  

Study Number:  

Subject ‘s Name: ______________  

Subject ‘s Initials: _________  

Date of Birth / Age: _______  

Address of the Subject______________  

Qualification ______________________  

Occupation: Student/Self-Employed/ Service/Housewife/Others (Please tick as 

appropriate) Annual Income of the subject __________________ if applicable 

Name and address of the nominee(s) and his relation to the subject 

___________________________________ (for the purpose of compensation in 

case of trial related death).]  

  

Please initial box 

(Subject)  

  

(i) I confirm that I have read and understood the information sheet dated _______ 

[ ] for the above study and have had the opportunity to ask questions. 
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(ii) I understand that my participation in the study is voluntary and that I am [ ] free 

to withdraw at any time, without giving any reason, without my medical care or 

legal rights being affected.  

(iii) I understand that the Sponsor of the clinical trial, others working on the [ ] 

Sponsor ‘s behalf, the Ethics Committee and the regulatory authorities will not need 

my permission to look at my health records both in respect of the current study and 

any further research that may be conducted in relation to it, even if I withdraw from 

the trial. I agree to this access. However, I understand that my identity will not be 

revealed in any information released to third parties or published. 

(iv) I agree not to restrict the use of any data or results that arise from this [ ] 

study provided such a use is only for scientific purpose(s)  

(v) I agree to take part in the above study. [ ]  

  

  

Signature (or Thumb impression) of the Subject/Legally Acceptable 

Representative: 

_________________________________________________________________  

Date: _____/ ____/ _____  

Signatory ‘s Name: _____________________________________________  

Signature of the Investigator: 

________________________________________________  

Date: Study Investigator ‘s Name: _________________________________  

Signature of the Witness: ________________  

Date: _______/ ________/ _________  
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Name of the Witness: ___________________________________  

*Copy of the Patient Information Sheet and duly filled Informed Consent Form 

shall be handled over to the subject or his/her attendant.  
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Annexure 2 

Recreational Volleyball Player Assessment Form 

 

  

a) Participant Information 

  

▪ Name: _________ 

  

▪ Age: ____ 

  

▪ Gender: ☐ Male ☐ Female 

  

▪ Club/Academy: _________ 

  

b) Inclusion Criteria: 

  

▪ Age between 18–30:  Yes ☐ No ☐ 

  

▪ Actively playing recreational volleyball:  Yes ☐ No ☐ 

  

▪ Any musculoskeletal injury in past 6 months: Yes ☐ No ☐ 
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▪ Any cardiovascular, neurological, or other relevant health conditions:  Yes ☐ 

No ☐ 

  

  

c) Injury History 

Have you experienced any hamstring or lower limb injuries in the past? ☐ Yes ☐ 

No 

If yes, specify: _______________________________________ 

Past injuries affecting sports participation? _____________________ 
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Section 1 

Training Intervention Details 

 

  

Group Allocation: ☐ Plyometric Training ☐ Deadlift Training 

  

Any Adverse Events During Training? ☐ Yes ☐ No 

 

Section 2 

Baseline Measures (Pre-Intervention) 

  

  Reading 

   

Hamstring Strength (Right)                           

Hamstring Strength (Left)                            

Hamstring Strength Asymmetry   

Flight Time   

Reactive Strength Index (RSI)   
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Section 3 

Post-Intervention Measures 

 

  Reading 

    

Hamstring Strength (Right)                           

Hamstring Strength (Left)                            

Hamstring Strength Asymmetry   

Flight Time   

Reactive Strength Index (RSI)   
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Consent and Declaration 

 

• I declare that the above information is accurate to the best of my knowledge. 

• I understand the purpose of the study and agree to participate voluntarily. 

• I acknowledge that I will be informed of any risks involved in the training program. 

Signature: _______________________________ Date: _______________ 

 

Participant Information 

Name of Athlete    

Age   

Gender ☐ Male ☐ Female 

Weight   

Height   

Dominant Hand ☐ Right ☐ Left 

Playing experience    

Date   
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Trial Number ☐ Trial 1 ☐ Trial 2 ☐Trial 3 

Test Administrator   

Warm-Up Details 

Warm-Up Type Duration Completed (✔) 

Dynamic Warm-Up 15 min ☐ 

Hitting Warm-Up 5 min ☐ 
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Annexure 3 

Master-chart 

 

 

 

 

 

 



80 
 

 

 



81 
 



82 
 

 



83 
 

 

 



84 
 



85 
 

 


