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ABSTRACT

Objectives: To investigate the effects of a four-week structured plyometric training program on physical fitness and
quality of life among national-level Pakistani hockey players.

Methods: A randomized controlled trial was conducted among 100 national-level hockey players (50 males and 50
females) aged 18-30 years in Lahore, Pakistan. Participants were randomly assigned to an experimental group receiving
plyometric training in addition to regular hockey practice or a control group receiving routine training only. The
intervention was conducted three times weekly for four weeks and included progressive lower- and upper-body
plyometric exercises. Physical fitness was assessed before and after the intervention using validated tests of coordination,
power, flexibility, endurance, agility, and speed. Quality of life was assessed using the SF-36 questionnaire.

Results: The experimental group demonstrated significant improvements in coordination, power, flexibility,
cardiovascular endurance, agility, and speed compared with the control group (p < 0.001). Significant improvements
were also observed in physical functioning, vitality, and general health perceptions (p < 0.01). Gender-based analyses
showed comparable responses, although males demonstrated greater gains in power, while females showed greater
improvements in flexibility. No injuries or adverse events were reported.

Conclusion: A four-week structured plyometric training program significantly improves physical fitness and selected
quality-of-life domains among national-level Pakistani hockey players. Plyometric training may therefore be incorporated
into hockey conditioning programs to enhance athletic performance and player well-being.

Keywords: Plyometric training, hockey, physical fitness, athletic performance, quality of life, Pakistani athletes

Received: 01-04-2024 Accepted: 23-05-2024 Published: 30-05-2024

How to Cite: Muhammad Javed Bajwa, Basit Ansari, Muhammad Yamin, (2024) Effect of Plyometric Training On
Physical Fitness Of Hockey Players In Pakistan, Journal of Carcinogenesis, Vol.23, No.1, 1246-1252

1. INTRODUCTION

Field Hockey is a high-intensity intermittent sport that requires players to repeatedly perform sprinting, rapid accelerations and
decelerations, directional changes, jumping, tackling, and technical stick skills throughout match play. Modern hockey played
on artificial turf surfaces has significantly increased the physical and physiological demands on athletes, requiring well-
developed speed, agility, muscular power, coordination, endurance, and neuromuscular efficiency (lhsan et al., 2021; Vinson
et al., 2020). Elite hockey players reportedly cover between 6—-10 km during matches, with a substantial proportion of activity
performed at high intensity, emphasizing the importance of both aerobic and anaerobic fitness capacities (Lythe & Kilding,
2019).

Among contemporary conditioning methods, plyometric training has emerged as an effective strategy for enhancing athletic
performance. Plyometric exercises utilize the stretch-shortening cycle (SSC), which combines rapid eccentric and concentric
muscle actions to improve explosive force production, neuromuscular coordination, and movement efficiency (Ramirez-
Campillo et al., 2018). Previous research has demonstrated that plyometric training can significantly improve sprinting ability,
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lower-body power, agility, change-of-direction speed, and jumping performance across different athletic populations (Moran
et al., 2018; Ramirez-Campillo et al., 2020). These adaptations are particularly relevant for hockey players because the sport
requires repeated explosive movements and rapid transitions between offensive and defensive actions.

Physical fithess components such as muscular power, agility, speed, endurance, flexibility, and coordination are essential
determinants of hockey performance (Jennings et al., 2018). Plyometric training has been shown to positively influence these
performance variables by improving motor unit recruitment, tendon stiffness, rate of force development, and reactive strength
(Bohm et al., 2019). Furthermore, evidence suggests that sport-specific plyometric interventions may improve movement
efficiency and reduce injury risk when appropriately designed and supervised (Chu & Myer, 2019).

In the Pakistani context, hockey holds historical importance as the country’s most successful international sport. However,
Pakistan’s competitive decline in recent decades has been associated with limited infrastructure, insufficient application of
sports science, outdated training methods, and reduced access to evidence-based conditioning programs (Ahmed & Raza,
2019; Hussain et al., 2019). Despite growing international evidence supporting plyometric training, limited research has
examined its effectiveness among Pakistani hockey players, particularly among both male and female athletes. Additionally,
little attention has been given to the potential influence of plyometric training on broader outcomes such as quality of life and
athlete well-being.

Therefore, the present study aimed to investigate the effects of a structured four-week plyometric training program on selected
physical fitness components and quality of life among national-level male and female hockey players in Pakistan. The findings
of this study may provide evidence-based guidance for coaches, sports scientists, and strength and conditioning professionals
involved in hockey development programs in Pakistan and similar sporting contexts.

2. MATERIALS AND METHODOLOGY

2.1 Research Design

This study employed a randomized controlled trial (RCT) with parallel-group pre-test and post-test assessments to examine the
effects of plyometric training on physical fitness and quality of life among Pakistani hockey players. Participants were randomly
assigned to either the experimental group receiving plyometric training or the control group continuing regular hockey training.
The RCT design is considered the gold standard for intervention studies because it minimizes bias and improves internal validity
through random allocation and controlled comparisons (Portney & Watkins, 2020; Thomas et al., 2019).

2.2 Participants

A total of 100 national-level hockey players (50 males and 50 females), aged 18-30 years, were recruited from Lahore, Pakistan,
in collaboration with the Pakistan Hockey Federation. Sample size was determined using G*Power software based on previous
plyometric training studies and statistical power recommendations (Faul et al., 2019; Ramirez-Campillo et al., 2020). Inclusion
criteria included national-level playing experience, regular hockey training participation, medical clearance, and informed
consent. Participants with recent injuries, cardiovascular disorders, or other contraindications to high-intensity exercise were
excluded.

2.3 Randomization and Allocation

Participants were randomly assigned into experimental and control groups using computer-generated randomization. Stratified
block randomization based on gender ensured equal male and female representation in both groups. Allocation concealment was
maintained using sealed opaque envelopes prepared by an independent researcher (Portney & Watkins, 2020).

2.4 Intervention

The experimental group completed a 4-week plyometric training program consisting of three sessions per week in addition to
regular hockey training. The program progressively increased from low to high intensity and included exercises such as cone
hops, squat jumps, box jumps, medicine ball throws, and plyometric push-ups. Each session included standardized warm-up and
cool-down procedures and was supervised by certified strength and conditioning specialists (Chu & Myer, 2019; Ramirez-
Campillo et al., 2020).

The control group continued regular hockey-specific training without additional plyometric exercises. Training adherence and
attendance were monitored throughout the intervention period.

2.5 Outcome Measures
Primary outcomes included physical fitness components such as coordination, power, flexibility, endurance, agility, and speed.
Standardized field-based tests were used, including the Wall Toss Test, Standing Broad Jump, Sit-and-Reach Test, Cooper 12-
Minute Run Test, Hexagon Test, and 35-Meter Sprint Test (Hopkins et al., 2019; Moran et al., 2018).

© 2026 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow pg. 1247



The secondary outcome was quality of life, assessed using the Short Form Health Survey (SF-36), a validated questionnaire
measuring physical, emotional, and social well-being (Ware & Sherbourne, 2020).

3. RESEARCH PROCEDURE

3.1 Data Collection Procedures
Baseline and post-intervention assessments were conducted under standardized conditions by trained assessors blinded to group
allocation. Demographic and anthropometric data including age, height, weight, body mass index, and training experience were
collected before intervention commencement. Participants were instructed to avoid strenuous exercise 48 hours before testing
(Thomas et al., 2019).

3.2 Ethical Considerations

Ethical approval was obtained from the University of Karachi Institutional Review Board. All procedures followed the
Declaration of Helsinki ethical guidelines for human research (World Medical Association, 2018). Written informed consent
was obtained from all participants before participation, and confidentiality of participant data was maintained throughout the
study.

3.3 Statistical Analysis
Data were analyzed using IBM SPSS Statistics version 28.0 and R software version 4.3.2. Descriptive statistics were presented
as means and standard deviations. Mixed-design ANOVA was used to examine group x time interactions for physical fitness
and quality-of-life outcomes. Independent t-tests, paired t-tests, and ANCOVA were applied where appropriate. Statistical
significance was set at p < 0.05, and effect sizes were calculated using Cohen’s d and partial eta squared (Hopkins et al., 2019;
Portney & Watkins, 2020).

4. RESULTS OF PROPOSED STUDY
4.1 Participant Flow and Characteristics

4.1.1 Recruitment and Retention

A total of 112 hockey players were screened for eligibility. Twelve participants were excluded (7 due to recent injury, 3
insufficient training experience, and 2 declined participation). The remaining 100 participants (50 males, 50 females) were
randomly assigned to experimental (n = 50) and control (n = 50) groups.

During the intervention, three participants withdrew (2 experimental, 1 control). One additional experimental participant was
excluded from per-protocol analysis due to <90% attendance but included in intention-to-treat analysis. Final analytic samples
were:

« Intention-to-treat: Experimental = 47, Control = 50
e Per-protocol: Experimental = 46, Control = 50
Retention rate: 97% overall (experimental 94%, control 100%). No serious adverse events were reported.

Table 1. Participant Flow Summary
Experimental Control Total

Enrolled 50 50 100
Withdrawn 3 1 4
Final ITT 47 50 97
Final PP 46 50 96

Interpretation: High retention and minimal attrition indicate strong feasibility and adherence of the training protocol.

4.1.2 Baseline Characteristics
Baseline variables were comparable between groups, confirming successful randomization (all p > 0.05).

Table 2. Baseline Characteristics

Variable Experimental (n=47) Control (n=50) p-value
Age (years) 23432 23.8+35 0.56
Height (cm) 169.4+7.8 170.1+8.2 0.68
Weight (kg) 66.3+9.4 67.1+£9.8 0.69
BMI (kg/m2) 23.1+24 23.2+26 0.84
Training experience (years) 6.8+2.1 71+23 0.51

Interpretation: No significant baseline differences confirm group equivalence prior to intervention.
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4.1.3 Training Adherence
Experimental group adherence was high:

 Mean attendance: 11.2 + 0.8 sessions (93.3%)

* 91.5% completed all 12 sessions

Control group maintained regular training patterns without protocol changes.
Interpretation: High compliance strengthens internal validity of the intervention effects.

4.2 Primary Outcomes: Physical Fitness

4.2.1 Coordination

Table 3. Coordination (Wall Toss Test)

Group Baseline  Post-test  Change p-value Effectsize
Experimental 24.6+3.8 31.2+4.2 +6.6 <0.001 1.67
Control 242+36 258+3.9 +1.6 0.002 042

Interpretation: The experimental group showed a large and meaningful improvement, indicating that plyometric training
significantly enhances neuromuscular coordination beyond normal training effects.

4.2.2 Power
Table 4. Power (Standing Broad Jump)
Group Baseline (cm) Post-test (cm) Change p-value Effect size
Experimental 188.4+28.6 216.8+30.2 +284  <0.001 0.98
Control 186.9+29.2 192.6+29.8 +5.7 0.001 0.19

Interpretation: Plyometric training produced a very large improvement in explosive lower-limb power, a key performance
determinant in hockey.

4.2.3 Flexibility
Table 5. Flexibility (Sit-and-Reach)
Group Baseline  Post-test ~ Change p-value Effect size
Experimental 22.1+6.4 26.8+6.9 +4.7 <0.001 0.71
Control 226+6.7 234+68 +0.8 0.02 0.12

Interpretation: Moderate improvements suggest plyometric training may indirectly enhance flexibility via dynamic range-of-
motion demands.

4.2.4 Endurance

Table 6. Endurance (12-min Run)

Group Baseline (m) Post-test (m) Change p-value Effect size
Experimental 2684 +312  3062+328  +378 <0.001 1.20
Control 2702 +£298 2784+306 +82 0.001  0.27

Interpretation: Despite being anaerobic in nature, plyometric training produced substantial improvements in aerobic
performance, likely due to improved running economy and neuromuscular efficiency.

4.2.5 Agility
Table 7. Aqgility (Hexagon Test)
Group Baseline (s) Post-test (s) Change p-value Effect size
Experimental 12.4+1.8 102+16  -2.2 <0.001 1.30
Control 126+19 121+18 -05 0.003 0.27

Interpretation: The experimental group showed very large improvements in change-of-direction ability, critical for hockey
performance.

4.2.6 Speed

Table 8. Speed (35 m Sprint)
Group Baseline (s) Post-test (s) Change p-value Effectsize
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Experimental 5.84+0.52 5.26+0.48 -0.58 <0.001 1.16

Control 588+054 576+052 -0.12 0.005 0.23
Interpretation: Significant sprint improvements confirm that plyometric training enhances rate of force development and sprint
mechanics.

4.3 Secondary Outcome: Quality of Life

Table 9. SF-36 Summary (Selected Domains)

Domain Experimental Change Control Change Effect
Physical Functioning +6.4 +1.6 Significant
General Health +6.6 +1.4 Significant
Vitality +10.2 +1.8 Large
Mental Health +3.6 +1.2 Moderate

Interpretation: Participants in the experimental group reported better perceived physical health, energy levels, and overall well-
being, indicating broader psychosocial benefits of training.

4.4 Gender-Based Findings
. No significant group x gender x time interactions (p > 0.05)
. Both males and females showed similar relative improvements

Interpretation: Plyometric training is equally effective across genders, although males had higher absolute performance levels.

4.5 Correlation Between Outcomes
Key relationships:

. Power < Speed: r =0.68
. Speed « Agility: r = 0.74
. Power < Agility: r =0.62

Interpretation: Improvements in explosive power strongly drive gains in speed and agility, reflecting shared neuromuscular
adaptations.

4.6 Safety
No serious injuries occurred. Minor muscle soreness (38.3%) and fatigue (25.5%) were transient.

Interpretation: The intervention is safe, well-tolerated, and suitable for trained athletes when properly supervised.
5. DISCUSSION

This randomized controlled trial demonstrated that a four-week plyometric training intervention produced substantial
improvements in physical fitness and perceived quality of life among national-level Pakistani hockey players. Compared with
conventional training, plyometric training elicited marked gains in coordination, power, agility, speed, endurance, and flexibility,
with consistently large effect sizes, indicating a strong and practically meaningful training response (Hopkins et al., 2019). These
adaptations reflect well-established neuromuscular mechanisms associated with stretch-shortening cycle activities, including
enhanced motor unit recruitment, improved intermuscular coordination, and increased rate of force development (Ramirez-
Campillo et al., 2020).

The most prominent improvement was observed in lower-body power, which is biomechanically critical for sprinting,
acceleration, and explosive directional changes in hockey. These findings align with evidence that plyometric training effectively
enhances muscle—tendon stiffness and elastic energy utilization, thereby improving force production efficiency during dynamic
movements (Komi, 2018; Bobbert et al., 2019). The magnitude of improvement exceeded many previously reported values in
sport-specific literature, likely due to the concentrated training structure and progressive overload strategy applied in this
intervention (Chu & Myer, 2019).

Similarly, significant improvements in speed and agility reflect enhanced neuromuscular efficiency and movement coordination.
These adaptations are particularly relevant to hockey performance, where rapid accelerations, decelerations, and directional
changes are decisive performance determinants (Jennings et al., 2018; Lloyd et al., 2020). The strong association between gains
in power and sprint performance further supports the shared underlying physiological mechanisms driving these improvements
(Moran et al., 2018).

Unexpected but meaningful improvements in flexibility were also observed, suggesting that plyometric training performed
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through full range of motion may enhance stretch tolerance and neuromuscular control, contradicting traditional assumptions that
high-intensity training limits flexibility development (Behm et al., 2019). In addition, improvements in endurance capacity
suggest potential enhancements in running economy and movement efficiency, which may reduce energetic cost during
prolonged intermittent activity typical of hockey match play (Ihsan et al., 2021).

Beyond physical performance, participants reported improvements in quality-of-life domains, particularly physical functioning,
general health perception, and vitality. These findings suggest that performance gains may translate into broader psychosocial
benefits, including improved confidence, reduced fatigue perception, and enhanced well-being (Ware & Sherbourne, 2020).
However, domains such as emotional and social functioning showed limited change, likely due to short intervention duration and
ceiling effects in baseline scores (Hopkins et al., 2019).

Importantly, both male and female athletes demonstrated similar relative improvements, indicating that plyometric training is
equally effective across genders when appropriately prescribed. While absolute performance differences persisted, the
comparable adaptive responses support the inclusion of standardized plyometric protocols in both men’s and women’s hockey
conditioning programs without major modification based on sex alone (Lloyd et al., 2020).

When compared with existing literature, the magnitude of improvements observed in this study generally exceeded those
reported in broader meta-analyses, which may be attributed to the structured short-term loading strategy, high supervision, and
strong participant compliance (Ramirez-Campillo et al., 2020; Issurin, 2018). The findings reinforce the concept that even short-
duration, high-quality training interventions can produce substantial neuromuscular adaptations in highly trained athletes when
appropriately designed.

Overall, the results support plyometric training as an efficient and highly effective conditioning strategy for hockey players,
capable of simultaneously improving multiple performance domains and contributing to enhanced well-being. These findings
extend existing knowledge by demonstrating its applicability in a South Asian elite sport context and highlight its potential
integration into periodized training programs for performance optimization and athlete development.

6. CONCLUSION

This randomized controlled trial demonstrates that a short, structured plyometric training program produces substantial
improvements in multiple physical fithess components, including power, agility, coordination, speed, flexibility, and
cardiovascular endurance in national-level hockey players, alongside meaningful enhancements in selected domains of quality of
life. The magnitude and consistency of performance gains support the role of plyometric training as an efficient, low-cost, and
sport-specific conditioning strategy that can be readily integrated into elite and developmental hockey programs. Importantly,
comparable adaptations across male and female athletes and the absence of serious adverse events reinforce its applicability and
safety when appropriately supervised and progressively implemented. These findings align with established evidence on
neuromuscular adaptation and power development through stretch-shortening cycle training and extend prior work by
demonstrating broader systemic benefits beyond isolated performance outcomes, particularly in under-researched South Asian
athletic populations.
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