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INTRODUCTION
The long jump is a widely practised athletic sport involving running, 

(1)take-off, flight, and landing . It requires coordinated leg lift and 
propulsion from one leg to maximise distance, relying on speed, 

(2,3)strength, and agility . However, injury risk is high, with 98 of 156 
athletes affected and an overall injury rate of 62.8%, which may disrupt 

(4)training and shorten athletic careers .

Performance in long jump is divided into four phases: prefix (run-up), 
(5)repulsion (take-off), drift (flight), and landing . Horizontal speed 

generated during the prefix provides momentum for the upward force 
(6)at take-off . Jump distance is measured from take-off to the closest 

(7,8)body contact in the sand . Techniques include squat, hang, and hitch-
(9)kick styles, with strategies such as air walking, floating, or hanging . 

Lower limb muscle strength is critical for take-off, while imbalances 
may impair performance or cause injuries. Plyometric and ladder drills 

(10,11)are effective for strength enhancement .

Plyometrics, first developed in Russia and Eastern Europe and 
(12)introduced in 1975 , improve strength and explosiveness in various 

(13)sports . They utilise the stretch–shortening cycle (SSC), where 
(14)eccentric muscle loading is followed by concentric contraction . The 

(15)eccentric phase, or countermovement, occurs during loading , 
(12)followed by the concentric rebound or propulsion phase . Exercises 

include jumps, hops, bounds, throws, and kicks, adaptable from low- 
(16,17)to high-intensity drills .

When combined with strength programs, plyometrics enhance 
(18)acceleration, vertical jump, leg strength, proprioception, and power . 

They also improve agility, defined as the ability to move quickly and 
(19)easily , through drills requiring rapid starts, stops, and directional 

(20)changes . Furthermore, plyometric training reduces injury risk and 
(16)benefits both athletes and untrained individuals, including youth .

MATERIALS AND METHODOLOGY
An informal experimental study was conducted at SVIMS College of 
Physiotherapy, Tirupati, with ethical approval (IEC No. 1823, 16 April 
2025). Thirty male recreational long jump athletes (17–26 years) 
meeting the inclusion criteria participated. Athletes with recent 
injuries, joint instability, orthopaedic, neurological, cardiothoracic, 
systemic conditions, or recent surgeries were excluded.

After obtaining informed consent, baseline measurements of lower 
limb muscle strength (isokinetic dynamometer) and agility (Illinois 
Agility Test) were recorded. Participants underwent concurrent 
training for 8 weeks (3 sessions/week).

 Then, after the training program, measurements of lower limb muscle 
strength and agility were recorded as post-test data.

(21)Isokinetic Dynamometer :
Thigh muscle strength was measured using an isokinetic dynamometer 
in isometric mode. After a detailed explanation of the test and a general 
warm-up period, athletes were seated with their hips at 90° flexion, and 
their trunks, hips, and thighs secured with straps. The device axis was 
aligned with the knee joint, and the lower limb was fixed at 65% of leg 
length. Gravitational correction and visual feedback were provided. 
Knee flexor and extensor strength were tested at 30°, 60°, and 90° 
ROM using multi-angle isometrics, with 15 seconds of rest between 
contractions.

(22)Illinois Agility Test :
Agility was tested in a 10  m × 5 m cone course. After warm-up and 
practice trials, athletes performed three timed trials, with 2–3 minutes 
rest between. Starting prone, they ran a set course touching cones at 
turns and finishing 10 m past the last cone; times were averaged.

(23)STUDY PROTOCOL :
Athletes in the group did a warm-up for 10 minutes, which included 
neck, shoulder, and trunk movements; lunges (forwards, side-to-side, 
and backwards); and stretching exercises of bilateral quadriceps, 
hamstrings, iliotibial band, and calf muscles. The training protocol is 
as follows for a period of 8 weeks, 3 days a week, with a duration of 35 
to 50 minutes, including warm-up and cool-down. 

In the first week, the session lasts 20 minutes and includes 135 jumps. 
The exercises are side-to-side ankle hops, jump and reach, and front 
cone hops. Each exercise is performed for 3 sets of 15 repetitions with 
2 minutes of rest, at a low intensity.

In the second week (25 minutes, 180 jumps), the workout includes 
side-to-side ankle hops, standing long jump, lateral jump over a 
barrier, and double-leg hops. All is done for 3 sets of 15 repetitions with 
2 minutes of rest, also at a low intensity.

In the third week, the duration increases to 30 minutes with 150 
jumps. The session involves side-to-side ankle hops, standing long 
jump, lateral jump over a barrier, double-leg hops, and lateral cone 
hops. Each drill is performed for 2 sets of 15 repetitions with 3 minutes 
of rest, at a moderate intensity.

The fourth week follows the same plan as the third week (30 minutes, 
150 jumps, moderate intensity).
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In the fifth week (30 minutes, 150 jumps), the training includes 
diagonal cone hops, standing long jump with a lateral sprint, lateral 
cone hops, single-leg bounding, and single-leg lateral jumps. Each 
exercise is completed for 2 sets of 15 repetitions with 3 minutes of rest, 
at a moderate intensity.

In the sixth week, the session increases to 35 minutes and 180 jumps. 
The exercises are diagonal cone hops, standing long jump with lateral 
sprint, lateral cone hops, cone hops with a 180° turn, single-leg 
bounding, and single-leg lateral jumps. Each is performed for 2 sets of 
15 repetitions with 3 minutes of rest, at a high intensity.

The seventh week repeats the sixth week's program with the same 
duration, number of jumps, exercises, and intensity.

Finally, in the eighth week (25 minutes, 150 jumps), the program 
includes diagonal cone hops, hexagon drill, cone hops with a change-
of-direction sprint, double-leg hops, and single-leg lateral jumps. Each 
exercise is done for 2 sets of 15 repetitions with 3 minutes of rest, at a 
high intensity.

RESULTS
The data were entered into a Microsoft Excel spreadsheet, tabulated, 
and subjected to statistical analysis using SPSS software version 22. 
All the descriptive statistical data were presented in the form of mean 
and standard deviation, and graphically represented. Since the sample 
was normally distributed, a paired t-test was performed to compare the 
pre- and post-values to assess the training efficacy.

DEMOGRAPHIC DATA:
The demographic data was collected before the pre-test. It included 
age, height, weight, and BMI. The mean age was 22.73 ± 1.413 years, 
with a mean height of 168.07 ± 6.214 cm, weight of 63.43 ± 10.595 kg, 
and BMI of 22.33 ± 3.174

Table 1: Pre & Posttest Values Of Isometric Strength Of Knee 
Flexors  And  Extensors  At  30°,  60°,   And  90°  ROM

Figure 1: Graphical representation of pre- and posttest values of 
isometric strength of knee flexors and extensors at 30°, 60°, and 90° 
ROM

The pre-test mean values of isometric muscle strength of knee flexors 
at 30°,60°, and 90° were 66.10 ± 2.057, 70.27 ± 2.067, and 67.47 ± 
1.676, and the post-test mean values were 80.53 ± 2.300, 85.30 ± 
2.020, and 81.83 ± 1.895 with mean differences of 14.433, 15.033, and 
14.367.

The pre-test mean values of isometric muscle strength of knee 
extensors at 30°,60°, and 90° were 118.33 ± 2.18, 123.03 ± 2.593, and 
119.57± 2.515, and the post-test mean values were 139.17±2.705, 
139.17±2.705 and 139.17 ±2.817 with mean differences of 20.833, 
23.167, and 19.600. 

The paired t-test revealed t-values of -116.443, -198.968, and -141.514 
for flexors and -163.262, -214.306, and -159.121  for extensors, both 
with p-values of 0.00, indicating highly statistically significant 
improvements in muscle strength due to the intervention.

Table- 2: - Pre  &  Posttest  Values  Of  Agility  In  Seconds

Figure 2: Graphical Representation Of Pre- And Post-test Values Of 
Agility In Seconds.

Agility improved significantly from 17.66 ± 0.27 s to 16.34 ± 0.28 s 
(mean difference 1.32, t = 94.99, p = 0.00). Before the intervention, no 
significant differences were observed in agility or isometric lower limb 
strength, but both showed significant post-intervention gains (p = 
0.00).

DISCUSSION: 
This study aimed to determine the effect of plyometric training on 
lower limb muscle strength and agility among male recreational long 
jump athletes. This study included the athlete's age, height, weight, and 
BMI.  70% of athletes were under normal BMI.

Markovic & Mikulic (2010) found that plyometric training enhances 
musculoskeletal and neural adaptations, increasing twitch peak torque, 
rate of torque, and maximal shortening velocity of muscle fibres, 

(24, 25)alongside whole muscle strength gains after ≥10 weeks of training . 
These improvements are linked to neural mechanisms such as pre-
activation and reflex facilitation during the stretch–shortening cycle 

(26)(SSC) exercises . Training also induces structural and functional 
changes, including altered knee extensor muscle architecture, tendon 

(27)stiffness, and single-fibre mechanics . Malisoux et al. (2010) 
reported a 12–13% improvement in leg extensor strength and power, 

(28)with gains in force, fibre diameter, and shortening velocity . SSC 
function, whether slow (>0.25s) or fast (<0.25s), benefits from pre-
stretch mechanisms, which enhance concentric force output through 

(28, 29)elastic energy storage, potentiation, and reflex contributions . 
Elnaggar et al. confirmed significant quadriceps and hamstring 
strength gains in plyometric groups, attributing improvements to 

(30)enhanced inter- and intra-muscle coordination . Furthermore, 
plyometric training improved horizontal jump performance by 4.1% 
(range: 1.4–7.0%) across multiple studies in both athletes and non-

(31)athletes .

Plyometric training produced a statistically significant improvement in 
agility (p=0.00). Evidence from multiple studies supports this effect. 
Spurrs et al. reported consistent agility gains (+1.5–10.2%) across 

(32)various agility tests, such as the T-test, Illinois test, and shuttle runs . 
Agility, which involves rapid whole-body movement and direction 
change, benefits from plyometric training through reduced ground 
contact time, improved muscle force output, and greater movement 

(33 )efficiency . Miller (2006) also found significant agility 
improvements in athletes following a 6-week plyometric program, 

(19)likely due to neural adaptations and motor recruitment changes . 
Mechanisms include increased muscle elasticity, joint mobility, faster 
muscle contraction, dynamic balance, and neuromuscular adaptations 
(34, 35). Enhanced motor unit recruitment and improved coordination 
between CNS signals and proprioceptive feedback further explain 

(36)agility gains .

Overall, the evidence presented in this research supports that 
plyometric training holds promise as an effective method to enhance 
agility and lower limb muscle strength among recreational male long 
jump athletes.

CONCLUSION
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ROM 
(°)

Muscle 
Group

Pre-test 
(Mean ± 
SD)

Post-test 
(Mean ± 
SD)

Mean 
Differen
ce

T Value P Value

30° Flexors 66.10 ± 
2.057

80.53 ± 
2.300

14.433 -116.443 0.00

30° Extensors 118.33 ± 
2.18

139.17 ± 
2.705

20.833 -163.262 0.00

60° Flexors 70.27 ± 
2.067

85.30 ± 
2.020

15.033 -198.968 0.00

60° Extensors 123.03 ± 
2.593

146.20 ± 
2.929

23.167 -214.306 0.00

90° Flexors 67.47 ± 
1.676

81.83 ± 
1.895

14.367 -141.514 0.00

90° Extensors 119.57 ± 
2.515

139.17 ± 
2.817

19.600 -159.121 0.00

VARIAB
LE

PRE VALUES 
(MEAN ± SD)

POST 
VALUES 
(MEAN ± SD)

MEAN 
DIFFER
ENCE

T 
VALU
E

P 
VAL
UE

AGILITY 17.660 ± 0.267 16.340 ± 0.281 1.320 94.990 0.00
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This study concludes that plyometric training is effective in improving 
lower limb muscle strength and agility in long jump athletes. Hence, 
the alternate hypothesis was accepted, and the null hypothesis was 
rejected.     

LIMITATIONS AND RECOMMENDATIONS
Limitations
The study was limited by a small, male-only sample, a narrow age 
range, a single geographic location, and no long-term follow-up, 
restricting its generalizability to all long jump athletes.

Recommendations
Future research should include a larger, more diverse sample and 
explore these fitness components in athletes from other sports.
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