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Abstract: Muscle power (FxV, explosive strength or explosive power) is an element of fitness level
that influences the quality and efficiency of movements. Most of the studies that address plyometrics
identify the effectiveness of this method at the level of performance athletes with different
specializations and muscle power requirements. We considered that we can also study the
possibility of using plyometrics in physical education lessons. The research identifies the benefits of
implementing plyometric exercises for non-athlete university students on lower body muscle power
physical activities. The group of students (327
subjects/undergraduate level, of which 143 female and 184 male) participated in physical education
lessons during one academic year (1 activity per week). The plyometric exercises used were jumping
variants, diversified and adapted in dosage to the motor possibilities of the non-athlete students (on
one or both legs, lateral, on ladder rungs or boxes, over hurdles, over cones, vertical and horizontal
jumps). Their usefulness and effectiveness were verified by 3 successive tests: at the beginning,

indicators in curricular analyzed

middle, and end of the academic year, through a battery of 7 lower body muscle power tests. The
statistical calculation identifies significant increases in performance for both genders for all tests
applied, both between the initial and final tests (T1-T3) and over the shorter time intervals/T1-T2
and T2-T3 (p <0.05). For males, we found greater progress in the second semester of the year (T2-T3)
for 5 of the 7 tests, so their adaptation is better and they respond to plyometric training better in the
second part of the academic year. For females better progress in semester 2 (T2-T3) for 3 of the
tests, respectively greater differences at the end of semester 1 (T1-T2) for 3 tests, especially for
endurance power and 10 m acceleration. The research results confirm the effectiveness of plyometric
exercises in increasing muscle power indicators for the studied student groups and are a useful
option for improving fitness levels. The attractiveness and diversity of the used exercises ensured
good student engagement in the lessons. Although the improvements are statistically significant,
the results do not indicate spectacular increases and are still weaker than the values recorded in
most other research. This is because the students involved in our study are not at all concerned about
engaging in leisure time physical activities, except for curricular physical education activities,
sedentarism being a major problem among young people.

Keywords: plyometrics, muscle strength, vertical and horizontal jumps, university students, fitness,
sedentarism

1. Introduction

Plyometrics is based on the stretch-shorten cycle in the musculoskeletal system and
is a high-intensity method focused on strong influences on explosive power. Jumps and
various throws are the most commonly used plyometric exercises [1]. Extremely effective
in increasing muscle strength and neural adaptations, the application of plyometric train-
ing to teenagers still generates controversy. Studies based on meta-analyses identify its
clear advantages in increasing performance in jumping and sprinting over short distances
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(10 - 20 m), but with careful monitoring of the response of young athletes [2]. Other re-
search demonstrates the association between body balance, acceleration, and jumping abi-
lity [3].

In school physical education, plyometrics can be adapted and used, according to the
motor characteristics and age of the students, the enjoyment dimension being important.
Specific plyometric exercises have various positive effects: increases in muscle power, bal-
ance, agility, bone strength and speed [4]. The decrease in bone density is evident with
increasing age, and body weight control and physical exercise can reduce this process [5].
Another study proposes plyometrics training model for Physical, Health, and Recreation
Education students from Indonesia, applied in physical education lessons, as a viable op-
tion for improving students' fitness level [6]. Physical activities facilitate the improve-
ment of the quality of life and bone density, the reduction of cases of osteoporosis and
osteopenia and the risk of fractures for the lower body [7-9]. Plyometric training can be
applied for late-phase rehabilitation (when injured athletes are very close to returning to
competitive activity). However, it cannot be applied if there is a lack of strength/founda-
tional strength, but also inflammation, acute or sub-acute sprains, soft tissue limitations,
pain, joint instability, according to  [10]. Prescription of physical activity as an option for
improving public health is strongly conditioned by many factors, the most important be-
ing the favorable attitude related to PA/physical activities and the nutritional status of
patients [11]. The use of adapted physical activities for the lower body (12 weeks) is useful
for improving muscle strength and accelerates the recovery of young Total Knee Arthro-
plasty patients [12].

The effects of plyometrics are influenced by sport specialization and level of fitness,
age, gender, duration, and types of used exercises, surface, movement technique. Alt-
hough the effects on explosive power are evident in basketball players, there are also opin-
ions that the effectiveness of plyometrics for agility and sprinting is limited [13]. This idea
is reinforced by studies on young volleyball players in Iran, where applying plyometrics
(6 weeks) significantly improves explosive power and lower limb strength. Results are
similar to those obtained using resistance circuit training, but no significant improvements
are found in speed and agility [14]. Lack of solid strength training negatively influences
results in explosive strength tests. Plyometrics significantly improves the value of hori-
zontal jump performance, but not vertical jump performance, for female volleyball players
(22.66 years old) [15]. The explosive force at the lower limb is influenced by the type of
stretching applied during warm-up. Positive effects are identified for the dynamic version
and the combination of dynamic and static stretching. The singular application of static
stretching reduces muscle power performance [16].

Variants of plyometric training improve hamstring and quadriceps muscle perfor-
mance and are planned and useful in all types of sports activities (field and water sports).
Planned sessions are recommended at least twice a week, with increases in muscle
strength found for most programs lasting 10 weeks or more. The volume of work differs
according to the sport: water sports/300 contacts per session, track and field/80 foot con-
tacts, court sports/50 foot contacts per session. Performance and reduction of muscle sore-
ness are influenced by the type of surface used (grass field, sand, running tracks), accord-
ing to [17]. Research on university student athletes in Turkey highlights the positive effects
of plyometric training on electromyography/EMG in the lower limb muscles (gastrocnem-
ius, vastus lateralis, and vastus lateralis). However, the application of plyometric exercises
(6 weeks x 2 sessions per week) has no significant effects on vertical jump values [18]. For
young male track athletes, beneficial effects are found by including additional plyometric
training (10 weeks x 3 sessions per week). Increases in performance on jumping and ac-
celeration tests are noted, even though cross-sectional muscle volume and maximal
strength do not show significant differences [19].

Combining plyometric training with resistance training (8 weeks x 2 sessions x 90
minutes) is a superior solution for preparing young people for puberty. This combination
provides significant gains in acceleration capacity and jump/squat jump height for young
basketball and football players. Plyometric training is effective for optimizing reactive
strength through rapid contractions, and resistance training is preferred for increasing
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concentric strength of longer duration [20]. Integrating plyometric exercises into tradi-
tional specific training for Indian Kabaddi (traditional Indian team contact sport) practi-
tioners optimizes the fitness level of the players. Increases in explosive power, trunk, and
lower limb strength, agility, and flexibility are seen after 12 weeks of training, according
to [21]. However, another investigation indicates the superiority of the contrast strength
training/CST method vs. the plyometric training/PT variant for adolescent footballers (af-
ter 8 weeks of application). Electromyographic activity/EMG for rectus femoris, vastus
lateralis and vastus medialis, as well as force-velocity scores, are superior for CST [22].
The effectiveness of plyometrics (Plyo-Box version) applied for 8 weeks for Nigerian stu-
dent athletes (soccer, basketball, handball, and volleyball players) is supported by [23].
The study shows that jump training provides increases in strength levels for the calf mus-
cle and the hip flexors, and combining plyometrics with traditional methods is recom-
mended.

Integrating plyometric exercises into traditional specific training for Indian Kabaddi
(traditional Indian team contact sport) practitioners optimizes the fitness level of the play-
ers. Increases in explosive power, trunk, and lower limb strength, agility, and flexibility
are seen after 12 weeks of training, according to [21]. Studies on female karate practitioners
(18.22 years old) indicate similar effectiveness of Resistance Training and Plyometric train-
ing for muscle strength and explosive power, according to [24]. Other investigations indi-
cate the favourable effect of plyometrics (applied to female university volleyball players’
leg muscles) to enhance digging skills [25]. The cost of running can be improved by in-
cluding 3 weekly sessions of strength, explosive, and plyometric training/(SEP) for adult
long-distance/ultra-endurance athletes [26]. Lower-body stiffness can be improved by
plyometric jumps applied to healthy legs. Training programmes longer than 7 weeks but
with lower volumes of jumps per week (< 250) are recommended, according to [27]. Other
benefits of plyometric exercises are related to cardiovascular health and reduced risk of
disease in Nigerian university student athletes [28]. The improvement of cardiovascular
parameters (Nigerian university student athletes) as an effect of plyometric exercises for
the upper and lower body is mentioned by [29]. Various physical activities also favorably
influence parameters associated with body composition, according to [30,31].

The main effects of plyometric exercises for volleyball players indicate benefits for
performance in vertical jumps, horizontal jumps, flexibility, and agility. The use of vertical
jumps in training provides superior progress, perhaps as an effect of the similarity to tests
assessing explosive leg power [32]. Other research recommends plyometric training (in-
cluding depth jumps) even for training pubertally athletic children oriented towards track
and field. Positive effects on explosive strength increase performance in sprinting, jump-
ing, and throwing after 17 weeks x 4 training sessions, according to [33]. Similar investi-
gations confirm the beneficial effect of plyometrics (applied for 9 weeks) for improving
lower body and upper body muscle strength and power in batches of adolescent basket-
ball players [34]. The application of plyometric exercises (6 weeks x 4 sessions/week x 90
minutes) for Indian university student-athletes (19-25 years old) provides significant in-
creases in agility performance but for explosive leg strength and speed, only significant
improvements. The workouts used a variety of exercises: Box Jump March, Squat Jump,
Vertical Depth Jump, Lateral Jump over the cone, Split Jump/lounges, and Lateral Jump
(Single leg version), according to [35]. For young basketball players in Taiwan (22.16 years
old), applying plyometrics (8 weeks x 3 sessions per week) increases leg muscle volume
and explosive power, with positive results in jumping, sprinting, and agility [36]. Shorter
programs (4 weeks) based on jump variations have an effect on explosive power for teen-
age basketball players in Kosovo, according to [37]. Plyometric workouts bring benefits
related to explosive leg power for jumps, acceleration, and change-of-direction ability for
basketball players, according to [38]. Using the My Jump 2 app is helpful in evaluating
interlimb asymmetry and jump value for young female basketball players, according to
[39]. Investigations based on the synthesis of 21 studies (meta-analysis) investigating the
effect of plyometric exercises for untrained people (1263 cases). Most research shows sig-
nificant benefits related to muscular strength, flexibility, BMI and cardiorespiratory fit-
ness. However, the results are debatable as these investigations planned an average of 2-
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3 sessions/week [40]. University students majoring in physical education use the plyome-
tric method in independent training programs (daily routine), with positive effects for re-
sistance and good physical performance. However, the coordination of training by profes-
sional coaches is necessary, for the scientific adaptation of training to the demands of na-
tional and international competitions [41]. The role of physical exercises for optimizing
the level of fitness and health is highlighted by [42].

For female footballers (23.69 years old) the application of strength training and
plyometric training improves the speed parameters of the ball. Positive effects on the an-
gular velocity of the hip and angular velocity of the knee joint are also found, according
to [43]. The benefits of applying plyometrics in training are also highlighted for university
student footballers in Malaysia (18.6 years old). Progress is observed in relation to leg
muscle strength and possible transfer on ball striking speed after 6 weeks [44]. The use of
a submaximal plyometric resistance training method (8 weeks) for Chinese university stu-
dents — specializing in dance — has significant effects on explosive leg power [45]. Research
on Iranian university students has confirmed the benefits of using plyometric exercise (8
weeks x 3 sessions) for speed, agility, and anaerobic power performance [46]. The inclu-
sion of plyometric exercises as a complementary variant of athletic training in young Ital-
ian athletes ensures increased performance in vertical jumping and sprinting [20]. The role
of plyometric training on sprinting speed capacity for young females is examined by [47].
Implementation of a plyometric exercise programme (12 weeks) for adolescents in North
Macedonia provides improvements in explosive power, repetitive force, and segmental
velocity values [48].

Improving lower body explosive strength values is also possible in other ways. The use of
an exercise resistance programme with increased intensity for male Serbian university
students (20 years old) allows significant increases in velocity and peak power [49].
Plyometric training (unloaded or light-loaded) is recommended for developing explosive
leg power during short phases. However, for longer training phases (annual), complex
training is recommended, according to [50]. Other studies evaluate the effectiveness of
combining high loads with low loads (within the same resistance training exercises). This
variant (called complex training/CT) has superior results for short distance sprints/20 m
and the 1-RM squat. For jumping and 10 m sprinting, similar results are obtained from
other methods [51]. Combined training (plyometric and vibration), applied to Iranian uni-
versity student athletes, ensures faster recovery and facilitates overcompensation [52]. For
Indonesian wrestling athletes, the types of plyometric exercises recommended differ ac-
cording to the level of strength development of the leg muscles. Side-to-side box shuffle
training is more useful for athletes with low levels of strength, and box jump is more ef-
fective for those with high levels of leg strength, according to [53]. Improving leg muscle
strength for karate practitioners (14-15 years old) can be based on the inclusion of half
squat exercises and plyometric exercises side sprint jump [54]. Knee tuck jump based
workouts are more effective for explosive power than those using box jump, for Indone-
sian male volleyball students [55]. Applying hurdle-box jump plyometric exercise is more
effective for explosive strength, muscle hypertrophy, and leg strength, compared to bar-
rier hops exercises, for adolescent athletes [56].

The purpose of our research is to determine the influence and effectiveness of the use of
plyometric exercises on lower body muscle power for non-athlete university students.

Working hypothesis: We estimate that we will see significant improvemnts in perfor-
mance on the muscle power battery of tests as an effect of plyometric training.

2. Materials and Methods

2.1. Participants

The research involved 327 students (undergraduate level) with various specializa-
tions (Medicine and Computer Science/Automatics) from “Dunarea de Jos” University of
Galati. Performance sports students, those who did not participate in at least 85% of the
training sessions, and those who were constantly involved in other active leisure activities
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were eliminated from the study and the statistical calculation so that these additional ac-
tivities did not influence the results obtained. All students who did not have medical con-
traindications for engaging in physical exercise were involved in the research. 143 females
(age =20.72 years, weight = 61.65 kg, height =164.61 cm, BMI =22.79 kg/m?) and 184 males
(age = 21.07 years, weight = 77.48 kg, height = 176.84 cm, BMI = 24.71 kg/m?) remained in
the study. All participants were trained on the aim of the research and the requirements
of personal data/protection/Declaration of Helsinki were respected [57,58]. The applica-
tion of plyometric exercise programs and testing of students took place in the Human
Performance Research Centre of the Faculty of Physical Education and Sports.

2.2 Research Design.

The investigation of both plyometric structure implementations was carried out over
an academic year (28 weeks with one activity per week), with initial/T1 tests scheduled in
October, intermediate tests in December/T2, and final tests in May/T3. Ballistic exercises
to increase upper body explosive power indicators were also included in the lessons, but
results from these specific tests will be published in another scientific paper. The planned
plyometric exercises were diversified and used alternately to avoid limitations and keep
the body constantly exposed to new training stimuli. The heterogeneous level of physical
training of the participants required a variable number of sets and repetitions/lower and
upper limits so that the dosage of effort could be individualized and the speed of execu-
tion of the jumps did not decrease due to fatigue, so we did not apply a standardized
dosage for all students. Variants of plyometric jumps (on one or both legs, sideways, on
ladder rungs or boxes, over hurdles, over cones, vertical, and horizontal jumps) were fre-
quently used. We avoided deep jumps from high objects, as well as plyometrics with ex-
ternal load, in order not to put undue pressure on the Musculo-articular system and thus
avoid injuries. Most of the exercises selected and applied have a simple execution tech-
nique, to be as accessible as possible to the participants. We preferred the use of plyometric
and accessible structures, based on known jumping techniques and easy for the partici-
pants to execute (20-30 minutes/lesson). The work surface for the jumps was variable
(grass/football field, clay/running track, concrete/hard stairs/steps). Table 1 summarises
the main motor structures and their variants proposed to be used in the lesson, with in-
formation on the technical implementation details provided by [59].

Table1. Synthesis and description of plyometric structures and exercises proposed
for the programme applied in physical education lessons

Nr.| Name of the exercise, derivatives, and description of the execution technique | Dosage | Rest
Box jump / From standing facing the box or in front of steps/stairs of varying
height (15-30 cm), knees are bent (Squat) at 45 degrees, arms facing backward. 24 sets x 2.3
1. | Jumps are performed on steps or boxes, landing on both feet. 1 Leg landing / Ditto 8-12 )
with take-off on both legs and landing on one leg, successively or alternately (left- |, epetitions minutes
right).
Box jump W turn / Jumping from standing sideways to the box or stair
step/stadium, rotating the body 90 degrees, and landing on both feet. Lateral box | 2.3 sets x
2 jump | Ditto, with side hop on the step or box, without body rotation. It is 6-10 2-3
" | recommended to change or alternate the sides on which the left-right split is minutes
done. Lateral 1 leg landing / Ditto, with side jump, body rotation, and landing on [repetitions|
one leg.
Broad jump |/ From squat position, long jump with take-off and landing on both
feet. Execution can be linked. / Reactive broad jump (3-6 successive jumps), or |2 gets x 8-
3 separate, with a return to starting position and then resumed action. Squat jump 10 1-2
" | w—pause / Ditto with vertical jumps and landing in the starting position, holding minutes
the squat position for 2-3 seconds before another jump. Tuck jump / Ditto with [repetitions|
repeated vertical jumps and lifting the knees to abdomen level.
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Seated jump / From sitting on a ladder rung or box, quickly lifting the heels off the
ground and arm straight up, with a vertical jump and return to sitting. Seated 1
leg jump / Ditto with the vertical take-off on one foot and landing on both feet,
executions can be successive or alternate (left-right foot). Seated box jump / From
sitting on a low height box or ladder rung, jumping up, and landing on a higher
height surface/box placed forward. Seated 1 leg box jump / Ditto with single leg
release and box landing,.

2-4 sets x
8-12

repetitions

2

minutes

Lunge jump [ From forward lunge, vertical release on both legs and return to
starting position. Ditto with the change of leg placed forward. Alternating jumping
lunge / Ditto with changing/alternating the front support leg after each jump. Plyo
split squat / From standing on one leg, forward lunge on the other leg, push
vigorously on the front leg and return to the starting position (successive
executions on the right, then on the left).

3-4 sets x
10-20

repetitions

2-3

minutes

Heidens / From standing off on one leg, side jump with landing on the other leg,
the movement of the arms amplifies the lift off the ground. Executions are
alternating. Ditto with side jumps over different objects of varying heights (cones,
heads, fences, etc.).

Pogo jump [ From a slightly spread stance, short, springy hops with a break on
the forefoot/sole. 1 Leg pogo jump / Ditto with a successive release on one leg, the
next series the contact leg is changed.

2-4 sets x
8-20

repetitions

2

minutes

Kneeling to 1 leg jump / From the kneeling position, vigorous lifting with transition
to squatting on one leg, push and jump forward, then return and resume on the
same or opposite leg (alternating). Ditto with jumping over an obstacle/cone.
Kneeling to broad jump / Ditto with crouching stand pass on both legs, then long
jump with airing on both legs, return and resume action, or repeat jumps if space
allows. Ditto with jumping over an obstacle/cone or fence.

2 sets x
5-10

repetitions

2

minutes

Plyo step up [/ From standing with one leg raised and resting on the ladder rung
or a box, explosive thrust into the leg on the rung and lifting the body onto the
rung or box, with a change of leg position/movement is performed alternately on
the right/left leg.

Depth jump [ From standing on a ladder rung, deep jumps with landing on both
feet. 1 Leg Depth jump / Ditto with landing on one leg, successively or alternately
(left-right). / Depth jump + Squat jump and Depth jump + Broad jump / Ditto with
vertical jump and horizontal jump after touching the ground.

2-3 sets x
15-25

repetitions

2-3

minutes

Depth jump to box jump / From standing on the rung of the ladder or low box, deep
jump, landing and another jump on a higher box. Depth jump to box jump 1 leg
landing / Same as above, but the vertical jump and landing on the high box is done
on one leg. Ditto with successive jumps on both legs or one leg over different
obstacles with varying distances between them.

2 sets x 8-
10

repetitions

2

minutes

10.

Skier jump [ From sitting, successive horizontal bilateral zig-zag jumps, arms rise
vertically to amplify the movements. Lateral squat jump / Ditto with successive
bilateral right-left side jumps, with emphasis on jump length. Two foot lateral hops
/ Ditto with short side jumps, insisting on the frequency of execution, the arms
no longer amplify the movement. One foot lateral hops / Ditto with short side
jumps on one leg, after each set the ground contact leg is changed.

2-4 sets x
10-30

repetitions|

2-3

minutes

11.

Sprinter jump [ From a forward lunge or squat, lifting and executing 3-5 quick
steps, then vertical jump on one leg. Lateral hurdle hop in place / From standing
sideways to a fence (height 20-30 cm), alternate bilateral jumps over the hurdle,
arms amplify the movement. 1 Leg lateral hurdle hop in place / Ditto with side
release on one leg, the next series the contact leg is changed. 1 Leg lateral hurdle
hop -w pause / Same as the previous exercise, but after each landing, there is a
moment of balance on the contact leg.

2-4 sets x
10-25

repetitions|

2-3

minutes

12.

Front to back hurdle hop / Bilateral jumps over a fence with a return, knees are bent,
arms amplify the movement. 1 Leg front to back hurdle hop / Ditto with jumping
and landing on one leg, after each set the contact leg is changed. Multiple hurdle
hop | Successive bilateral forward jumps over several hurdles placed at equal
distances from each other. The route is covered by the same jumps on the return.
Lateral hurdle hop / Same as the previous exercise, but the successive jumps are

2-4 sets x
15-30

repetitions|

2-3

minutes
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sideways, back and forth. 1 Leg Lateral hurdle hop / Successive one leg side jumps
over several hurdles, changing contact leg on return.

Assessment of lower body muscle strength involved 7 tests as described:

1. Vertical Jump Test/V]T (Sargent Jump test): The subject is placed in a standing posi-
tion lateral facing the wall with one arm raised and perfectly extended. Mark with chalk
the maximum height he can reach, without rising on the toes of his feet, then he performs
a jump (countermovement jump) with vertical leap on both legs and marking the wall
with the fingers at the point of maximum amplitude. The difference between the two signs
indicates vertical jump height. https://www.topendsports.com/testing/tests/vertjump.htm

2. Standing Long Jump Test/SL] (Standing Broad Jump): The subject is placed with the
toes behind a line drawn on the ground, feet parallel and slightly apart. A forward jump
is executed with simultaneous release from both legs, with the help provided by the ener-
getic swing of the arms. Measure the distance from the line to the heel placed furthest
back. https://www.topendsports.com/testing/tests/longjump.htm

3. 3-Hop Test (3 double leg jumps): Perform 3 linked/consecutive jumps, similar to the
Standing Long Jump technique, with the feet apart in the frontal plane. No standing be-
tween jumps is allowed. The value of the distance traveled is recorded. https://www.to-
pendsports.com/testing/tests/hop.htm

4. The multiple 5 bounds test/MB5/(5 forward jumps with alternative left and right leg
contacts): From standing position, perform 5 forward jumps (jump steps) with alternating
right-left foot contact, without stopping between steps. The total distance traveled is meas-
ured. https://journals.lww.com/nsca-jscr/Fulltext/2015/08000/Effects of In Sea-
son Short term Plyometric.8.aspx , https://www.youtube.com/watch?v=PucBxL.DCVIk
, https://www.youtube.com/watch?v=4UrdOMdgDYw

5. 30s lateral double leg hop test (30-Second Endurance Jump) (jumping over the rope or
fence obstacle raised at the height of the knees): The rope is held by two colleagues, at the
height of the knees of each performer. Lateral jumps over the rope are performed for 30
seconds, recording the number of repetitions. Executions where there is contact between
the rope and the feet are not counted. https://www.topendsports.com/testing/tests/endur-
ance-jump-30sec.htm

6. Speed Test 10m (Sprint test 10m): Subjects start from standing with one foot back
from the starting line and run the distance as fast as possible without slowing down at the
finish line. A good warm-up before the test is indicated. https://www.topend-
sports.com/testing/results/sprint-tests.htm

7. 30s Continuous vertical jumps / Modified Bosco Repeat Vertical Jump Test 30 s with tough-
ing a sign or an object: From squatting with knees bent at 90 degrees, successive vertical
jumps are made and return to squatting with palms on the ground, touching an object/sus-
pended ball, at a height reduced by 1/3 from the maximum jump height value previously
measured in the Vertical Jump Test /V]T. If the mark or object is not touched, those jumps
are not counted. https://www.topendsports.com/testing/tests/bosco-repetitive-jump.htm,
https://www.youtube.com/shorts/j0XQBdN6cOM

2.3 Statistical Analysis. S.PSS/Statistical Package

SPSS software (IBM Vers.24 Chicago, IL, USA) was used to transfer the recorded data
during the tests and the statistical processing of the obtained results. The Kolmogorov
Smirnov normality test was used, and its result allowed the application of the parametric
statistical procedures ANOVA with repeated measurements, for each gender. Green-
house-Geisser (¢ <0.75) and Huynh-Feldt (e> 0.75) correction factors were used to identify
F-values and degrees of freedom since the sphericity conditions were not met for the used
test battery. Partial eta squared/size effect was calculated, and the Bonferroni correction
factor was used to analyse the significance of differences between the pairs of obtained
data. Confidence intervals were set in the software at 95% (p <0.05) [60-62].

3. Results
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Table 2 summarises the main data from the parametric ANOVA with repeated
measures at the level of each applied test, with a separated presentation by gender. We
note that F values are associated with statistically significant progress (p <0.05), for the
whole applied battery of tests. The size effect values (I]%) indicate a very strong influence
of plyometric exercise for most tests. Thus, for females in the Standing Long Jump Test,
74.2% of the variance of the result is explained by the independent variable/exercise pro-
gramme applied, and for the 30 s Lateral double leg hop test, 62.5% of the variance is
explained by the independent variable applied. A strong influence of plyometric exercises
is also reported for males: 72.5% of the variance for the Vertical Jump Test, 72% of the
variance for the 30 s Lateral double leg hop test, and 71.9% for the Speed Test (10 m). The
lowest size effect values are found for both genders for the multiple 5 bounds test: for
males 18.8% of the variance and for females 31.3% of the variance are explained by the
used plyometric exercise structures.

Table 2. Maucly’s Test of Sphericity and repeated ANOVA test measure values for
lower body muscle power (gender differentiated)

Maucly’s Partial eta
Correction Error
Test Lot | Test of Sphericity df F Sig. i squared
: factor df
Sig. € (M%)
Vertical Jump M i 0.000 0.834 Huynh-Feldt 1.668 | 305.301 | 482.809 {0.000; 0.725
Test/V]T F | 0.000 0.604 | Greenhouse-Geisser| 1.209 | 171.659 | 165.701 {0.000; 0.539
Standing Long M i 0.000 0.696 | Greenhouse-Geisser | 1.392 | 254.645 | 363.068 {0.000; 0.665
Jump Test/SL] F 0.000 0.722 i Greenhouse-Geisser 1.443 i 204.966 | 408.535 {0.000i 0.742
M | 0.000 0.579 | Greenhouse-Geisser| 1.158 | 212.004 | 168.152 {0.000; 0.479
3-Hop Test

F | 0.000 0.625 | Greenhouse-Geisser| 1.250 | 177.551 | 152.271 {0.000{ 0.517
The multiple 5 M i 0.000 0.516 | Greenhouse-Geisser| 1.032 | 188.873 | 42.457 {0.000; 0.188
bounds test/MB5 | F 0.000 0.582 | Greenhouse-Geisser| 1.164 | 165.340 | 64.783 {0.000; 0.313
30s Lateral doublei M i 0.000 0.762 Huynh-Feldt 1.523 | 278.734 { 470.405 {0.000; 0.720
leg hop test F + 0.000 0.722 | Greenhouse-Geisser | 1.444 i 205.012 | 265.787 {0.000; 0.652
30s Continuous | M | 0.000 0.937 Huynh-Feldt 1.873 | 342.843 | 214.120 {0.000; 0.539
vertical jumps F + 0.000 0.690 | Greenhouse-Geisser | 1.379 | 195.877 | 197.642 {0.000; 0.582
M | 0.000 0.627 | Greenhouse-Geisser | 1.254 | 229.525 | 468.608 {0.000; 0.719

Speed Test (10m)
F | 0.000 0.715 | Greenhouse-Geisser | 1.430 | 203.040 | 97.517 {0.000; 0.407

Table 3 shows the mean values of the results of the group of male students at each of
the three points of the assessment. We found that there is progress from one stage to the
next and this is in all cases statistically significant (p <0.05), which confirms the effective-
ness of the proposed plyometric exercise programme. For the Vertical Jump Test, Standing
Long Jump Test, 3-Hop Test, 30 s Lateral double leg hop test, and 30 s Continuous vertical
jumps, we identified higher performance increases in the 2nd semester (T2-T3) compared
to those in the first semester (T1-T2). This indicates that the adaptive response to the pro-
posed plyometric exercises was better in the second part of the academic year. The only
exception is the multiple 5 bounds test and Speed Test (10 m), where the differences/pro-
gress at the semester 1 level are greater than those in semester 2. Even if the differences
between the initial and final tests (T1-T3) are not spectacular, the fact that they still show
statistically significant progress is a supporting argument for the viability of the different
jumping variants in increasing lower body explosive power values.
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Table 3. Comparison of values and lower body muscle power tests by data pair, ac-
cording to differences between the means of the three assessments (Male/N=184)

Std. Std.
Test Mean T1-T2 | Sig.® { T1-T3 | Sig.t | T2-T3 | Sig.b
deviation | error
Vertical Jump Test/VJT T1 | 32.622 7.953 0.586
Vertical Jump Test/VJT T2 | 33.029 7.955 0.587 {-0.408*:0.000 {-1.019*; 0.000 ; -0.611* { 0.000

Vertical Jump Test/V]T T3 | 33.641 7.962 0.587

Standing Long Jump
192.750 ¢ 30.464 2.246
Test/SL] T1
Standing Long Jump
193.410: 30.391 2.241 -0.660*: 0.000 i-1.554* 0.000 i -0.894* i 0.000
Test/SL] T2
Standing Long Jump
194.304 ¢ 30.366 2.239
Test/SL] T3
3-Hop Test T1 578.956 i 84.025 6.194
3-Hop Test T2 580.217 i 84.078 6.198 (-1.261*:0.000 {-2.772*: 0.000 ; -1.511* { 0.000
3-Hop Test T3 581.728 i 84.030 6.195
The multiple 5 bounds
976.706 i 117.388 i 8.654
test/MB5 T1 0.000 0.000 0.007
The multiple 5 bounds
979.206: 117.317 i 8.649 i-2.500* -4.196* -1.696*
test/MB5 T2
The multiple 5 bounds
980.902i 117.719 i 8.678
test/MB5 T3

30s Lateral double leg hop
21.320 9.452 0.697
test T1 0.000 0.000 0.000

30s Lateral double leg hop
21.858 9.461 0.698 {-0.538* -1.364* -0.826*
test T2

30s Lateral double leg hop
22.684 9.448 0.697
test T3

30s Continuous vertical
12.940 3.472 0.256
jumps T1

30s Continuous vertical
13.250 3.464 0.255 i-0.310* -0.853* -0.543*
jumps T2 0.000 0.000 0.000

30s Continuous vertical
13.793 3.481 0.257

jumps T3
Speed Test (10m) T1 2.083 0.168 0.012
Speed Test (10m) T2 2.069  0.168 0.012 0.014* {0.000 { 0.027* { 0.000 { 0.012* | 0.000
Speed Test (10m) T3 2.056  0.167 0.012

*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Bonferroni.

Table 4 summarizes the mean scores on the 3 tests and the differences between them
for the group of females. As in the case of males, we report progress from one assessment
to the next and significant differences between the pairs of resulting data (p <0.05), so the
usefulness of plyometric training is also found for the group of females. However, we
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noted greater progress in the first semester (T1-T2) compared to semester 2 (T2-T3) for the
Vertical Jump Test, Standing Long Jump Test, and 3-Hop Test, the multiple 5-bounds test.
Except for the last test, the situation is exactly the opposite compared to the males’ results,
where progress was higher in semester 2, so the female group adapted and responded
faster to the plyometric exercises in the first semester for these tests. Only for the 30 s
Lateral double leg hop test, 30 s Continuous vertical jumps, and Speed Test (10 m) we
identified better progress in the females in semester 2/(T2-T3).

Table 4. Comparison of lower body muscle power test values by data pair according
to differences between the means of the three assessments (Female/N=143)

Std. Std.

Test Mean T1-T2 | Sig.t { T1-T3 | Sig.t | T2-T3 | Sig.b
deviation | error
Vertical Jump Test/V]JT T1 23.913 5.012 0.419

Vertical Jump Test/V]T T2 24.751 5.148 0.431 (-0.838* 0.000 {-1.387*i 0.000 ; -0.549* | 0.000
Vertical Jump Test/V]JT T3 25.300 5.226 0.437
Standing Long Jump Test/SL] T1 |148.028 ;| 20.987 1.755
Standing Long Jump Test/SLJ T2 {149.503 | 21.231 1.775 {-1.476*; 0.000 ;-2.490*; 0.000 | -1.014* ; 0.000
Standing Long Jump Test/SL] T3 :150.517 | 21.358 1.786

3-Hop Test T1 441.629 ¢ 60.675 5.074
3-Hop Test T2 443951 61.137 5.113 {-2.322*:0.000 :-4.343*{ 0.000 { -2.021* { 0.000
3-Hop Test T3 4459721 60.898 5.093

The multiple 5 bounds test/MB5 T1; 776.958 i 96.981 8.110
The multiple 5 bounds test/MB5 T2; 780.923 { 97.288 | 8.136 {-3.965%} 0.000 {-6.650*; 0.000 | -2.685* { 0.007
The multiple 5 bounds test/MB5 T3; 783.608 { 97.592 8.161
30s Lateral double leg hop test T1 | 15.230 5.848 0.489
30s Lateral double leg hop test T2 | 15.643 | 5.896 0.493 (-0.413*; 0.000 {-1.154*{ 0.000 | -0.741* | 0.000
30s Lateral double leg hop test T3 | 16.384 5.931 0.496
30s Continuous vertical jumps T1 | 12.902 3.785 0.317
30s Continuous vertical jumps T2 | 13.223 | 3.778 0.316 {-0.322* 0.000 {-0.965*{ 0.000 | -0.643* | 0.000
30s Continuous vertical jumps T3 | 13.867 3.857 0.323

Speed Test (10m) T1 2.308 0.148 0.012
Speed Test (10m) T2 2.289 0.149 0.013 {0.019*:0.000 ;{ 0.039* { 0.000 { 0.020* ; 0.000
Speed Test (10m) T3 2.269 0.151 0.013

*. The mean difference is significant at the .05 level.
b. Adjustment for multiple comparisons: Bonferroni.

Graphic 1 shows the mean values of the final tests for all 6 assessment samples com-
pared by gender. Statistical analysis of the significance of the differences recorded for each
pair of data was not carried out, as the superiority of males was evident in most of the
applied tests. All the consulted scientific sources confirm this for comparisons between
genders of the same age and level of training or sports specialization. The only test where
we found a similarity of performance for both genders is the 30 s Continuous vertical
jumps, which assesses muscular strength in endurance mode.
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Graphic 1: Mean values in final muscle power tests (gender comparison)

4. Discussion

By comparing the results obtained with similar studies for similar age groups in
which plyometric exercises were implemented, in most cases we identified weaker values
of our student groups, the main explanation being that the reviewed research focused on
investigations at the level of different sports categories, with few studies focused on non-
athlete subjects.

The Neuro-Myo-Arthro-Kinetic System (NMAK) is strongly required during jump-
ing, the quality and health of the articular elements conditioning the possibility of execut-
ing the movements [63]. Even if there are studies that support the contraindications of
applying plyometrics for children, using exercises correctly and progressively with the
supervision of trainers/teachers reduces the risk of injuries. These exercises based on
plyometrics with low intensity, ensure obvious progress for the value of running speed
and jumps [64]. The level of physical maturity of our students did not generate such inter-
pretations, but to eliminate the risk of injuries, overweight and obese students had more
accessible dosages regarding the applied exercises (reduced number of series and repeti-
tions, lower height of obstacles/hurdles).

Investigations on adolescent males in North Macedonia confirm the effectiveness of
plyometric exercises (12 weeks x 3 workouts/1 hour) for increasing muscle strength. The
plyometrics-trained group achieves very good values in the final tests: 266.53cm in
SLJ/SBJ], 621.54 cm in 3-Hop Test, and 49.94 cm in V]JT [65]. All the values of our male
group are below these performances.

For adolescent males in Kosovo, plyometrics (12 weeks x 3-4 sessions) results in in-
creases in explosive power and acceleration capacity. Results of 2.10 s for 10 m speed, 199
cm for SLJ, and 594.10 cm for 3-Hop Test are obtained in the final tests [66]. Our male
group has slightly weaker scores in the SL] and 3-Hop Test, but better in the 10 m speed
(2.05s).

Implementing plyometrics for Chinese aerobic gymnasts ensures increases in jump-
ing performance, but also a reduction in short-distance acceleration performance. The ex-
perimental group obtains for SLJ 219.33 cm, 1.67 s for 10 m sprint, according to [67]. The
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use of acceleration and jumping based exercises (12 weeks) for adolescents in North Mac-
edonia provides muscle strength gains. Very good results are achieved in V]JT (49.9 cm)
and SLJ (266.5 cm), according to [68]. Plyometric exercises (scheduled in 10 successive ses-
sions) improve the results of explosive leg strength for Algerian university student athletes
(18-20 years old). These workouts increase SLJ/Standing long jump performance from 216
cm to 234 cm and are useful in optimizing long jump test results [69]. Again, the values
presented are obviously better than those obtained by our students.

Optimizations of maximal power output and rebound time for male Polish univer-
sity students of the Faculty of Physical Education (20.3 years old) are observed after ap-
plying plyometric exercises for 6 weeks. The values are better for vertical jump in depth
jump variant, compared to counter movement jumps. For the five bounds test, a final value
of 1302 cm is obtained [70]. The final assessment values for our group in the five bounds
test in only 980.90 cm, obviously lower.

Many studies indicate the possibility of successful implementation of plyometric ex-
ercises in physical education lessons, for students of different age categories. The applica-
tion of plyometrics is also advantageous for 7-9 years old students (12 weeks x 2 sessions
x 20 min/session). Progress is noted for health-related physical fitness and gross motor
coordination [71]. A research on prepubertal boys demonstrated the favorable effects of
plyometric exercises (10-week program x 60-100 jumps/session). Increases in vertical jump
values and speed are found over short distances, but not for the 10m distance [72].The
pubertal period is characterized by advances in muscle strength levels for both sexes, with
better male values [73]. Other studies on children with low motor competence (5-14 years)
identify the effectiveness of plyometric exercises for improving the ability to run and
jump, as well as for increasing kicking distance, agility and balance. These effects are en-
sured by programs of 8-10 weeks x 2 sessions x at least 50-60 jumps a session. However,
no significant progress was determined for the level of strength [74]. The implementa-
tion of plyometric exercises in physical education lessons for schoolchildren generates fa-
vorable conditions for increasing fitness indicators. Progress related to kicking, jumping
and running, but also an optimization of the results in the lessons, are noted [75]. And
other similar research identifies the favorable effect of plyometric exercises (20 minutes in
each physical education lesson) for schoolchildren in Saudi Arabia (muscle strength, bal-
ance and flexibility), according to [76]. Even if the subjects investigated in the research
analyzed belong to lower age categories compared to our group, the positive results ob-
tained by using plyometric exercises confirm the possibility of applying this method to
groups that are not part of the category of performance athletes.

Improved results are obtained on non-athlete university students from Pakistan
(21.37 years old) engaged in high, moderate, and low intensity plyometric training. Speed,
muscular endurance, and explosive leg power are significantly higher for the high inten-
sity variant. This group obtains a final SLJ value of 232 c¢m, significantly better than the
low intensity group with 226 cm [77]. Aquatic Plyometric Training is a variant that pro-
vides increased values for adolescent Indian athletes for explosive leg strength and speed.
For the standing long jump at the final test, a significantly increased result is obtained/239
cm [78]. Implementing Plyometric-Resistance Training/PRT and Plyometric-Sprint Train-
ing/PST for male university students (18-22 years old / Saudi Arabia) generates perfor-
mance increases for leg muscle strength, agility, and acceleration/deceleration capacity.
However, values are better for PST in agility and standing long jump (6 week programme
x 2 sessions/week x 40 min/session). At SLJ/standing long jump a value of 207.49 cm is
obtained for PST, compared to 202.79 cm for PRT [79]. Research on Indonesian male stu-
dents verified the usefulness of knee tuck jump and plyometric front cone hops exercises in
explosive lower body strength increases. Improvements are shown, with the standing long
jump achieving a final value of 208 cm [80]. Variants of plyometrics and resistance training
were tested on Indonesian adolescents (16-18 years old). The plyometric knee tuck jump
exercises provided 206.57 cm at the final test for the standing long jump, while the squat
jump exercises only 198.22 cm. The best final average value is obtained for the classic squat
exercise (resistance training method), 211.33 cm. Resistance squat exercise and plyometric
knee tuck jump are also more effective for improving acceleration over short distances
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[81]. All these studies show superior performance in the standing long jump compared to
our male group, which has a final average of only 194.30 cm.

Research on Slovak university students with different specialisations has identified
obesity problems and low levels of motor fitness. However, for vertical jumps, satisfactory
values are obtained (34.48 cm in the countermovement jump test and 30.74 cm in the squat
jump test) [82]. These values are slightly weaker than those obtained by us in the vertical
jump, but the technique used in the test is different.

Favorable effects regarding the level of fitness, muscle toning and health improve-
ment are found through the implementation of Kangoo jumps programs (a variant that
involves demands on muscle power through repetitive actions), according to [83]. Plyo-
metrics is also applicable for Schoolchildren of Both Sexes, regardless of the type of surface
used for jumping (firm/hard vs. sand). Increases in physical fitness performances are ob-
served after applying 4 weeks x 2 plyometric training sessions for SL], V], agility, maximal
aerobic velocity and balance [84]. In our research we used different surfaces for the execu-
tion of jumps, so that the demands on the muscles and joints are diversified and this aspect
ensures a good adaptation to various exercises.

The combination of competition exercise training and plyometric training (12 weeks)
is more effective for optimizing explosive strength endurance in Indian university volley-
ball players [85]. High intensity plyometric training (6 weeks) is more effective than low
intensity plyometric training for Polish university volleyball players. The jumping perfor-
mance for attack and block is significantly increased. In the Arm swing vertical jump test,
a final average value of 52.8 cm is obtained [86]. For male Ethiopian university athletes
(21.77 years old), PT/Plyometric training is more effective than RT/Resistance training in
terms of gains in muscle strength, agility, and speed tests. For the V]T/vertical jump test,
initial values of 42.16 cm, and final values of 47.09 cm are obtained after 8 weeks x 8 ses-
sions/week of plyometric training, according to [87]. The use of jumping-based exercises
generates remarkable increases in detent for male Indonesian medical university students.
Initial values of 35.93 cm, intermediate 49.21 cm, and final of 54.21 cm are obtained for
VJT, according to [88]. However, there are also studies reporting no significant effects after
plyometrics in elite Czech basketball players (6 weeks pre-season training) for explosive
leg strength, except for an agility test. However, the values for Vertical Jump/Counter
Movement Jump Free Arms are very good: 49.42 cm in the final test [89]. For Algerian
university student athletes (21.82 years old), applying plyometric training (6 weeks x 2
sessions) improves leg explosive power values. For the Vertical jump test/V]T an average
performance of 47.84 cm is obtained at the final test [90]. Our male group obtained only
33.64 cm in the final Vertical jump test, which is obviously lower than the mentioned stud-
ies.

Combining dynamic stretching with plyometric exercises allows a superior increase
in vertical jump values for female volleyball players (19.2 years old). After 8 weeks a result
of 51.23 cm for V]JT is obtained for the experimental group and only 42.36 cm for the con-
trol group (in this case only a conservation of results is reported) [91]. These values are
obviously much better than those of the females we studied.

The use of exercise from sports and modern dance combined with trunk and leg
strength exercises for female university students in Serbia (19-24 years old) provides in-
creases in coordination and explosive strength. After applying this training (10 weeks x 3
sessions x 90 minutes) results of 23.65 cm in the squat jump test and 25.47 cm in the CM]J
test are obtained [92]. The results are similar to our V]T results, but the comparison should
be viewed with caution, as the vertical jump evaluation technique is different.

Plyometrics is more effective than Squat Training in increasing lower body muscle
strength and flexibility for physically inactive/untrained Indian female university students
(19.23 years old). After applying 4 weeks x 2 sessions, a result of 24.22 cm is obtained in
VJT [93]. This is the only study where, by comparison, the results of our female group are
better (25.30 cm at the V]T).

Plyometric training is more useful, compared to skill-based conditioning, in terms of
explosive performance in sprinting, throwing, and jumping for elite female volleyball
players in Kosovo (21.8 years old). For the vertical jump/countermovement jump, a final
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value of 48.5 cm and for SBJ/SLJ 205.3 cm is obtained [94]. For university volleyball players
(20.9 years old), applying plyometric training for 8 weeks (5-7 sets/exercise x 8-12 reps
with 3 min. break between sets) provides increases in lower limbs power and vertical
jump. For the standing long jump, a final value of 189.46 cm is obtained [95]. The SL]J val-
ues for our female group are obviously lower (only 150.51 cm).

Implementation of plyometric training for 20-21-year-old university students (Phys-
ical Education and Sports School) in Turkey (8 weeks x 2 sessions/week) generated im-
provements in muscle strength, agility and flexibility values. For SLJ, a final value of 236
cm is obtained [96]. The use of plyometric exercises (10 weeks x 2 sessions) in young Turk-
ish female handball players (school team, 14.57 years) generates improvements in SL]J
(178.38 cm at final testing), anaerobic power and flexibility. However, no significant pro-
gress was found for speed, agility and vertical jump (28.78 cm in the final test), according
to [97]. And in these cases, our group of men and women obtain results inferior to the
studies analyzed for SLJ.

The use of upper and lower limb plyometric training (10 weeks x 2 sessions weekly)
for young female handball players generates increases in explosive strength tests. For the
10 m acceleration, a final result of 2.05 s is obtained and for the multiple 5 bounds test/five
jump test, 930 cm [98]. These values are better than those obtained by our group of stu-
dents (2.26 s for the 10 m Speed Test and 783.6 cm for the multiple 5 bounds test).

And other research on university students supports the effectiveness of plyometric
training (12 weeks x 2 sessions x 45 minutes) for improving fitness levels. Performance
increases are observed for agility, speed, explosive power, and muscular endurance [99].
Plyometric exercises applied to male Indian university student athletes (18-21 years old)
provide an increase in vertical jump performance [100]. Favourable results for short-dis-
tance acceleration and explosive leg power are obtained using vertical and horizontal
jumping (8 weeks x 2 sessions) in Spanish adolescent basketball players [101]. Even though
we only had one weekly training session and our results were not spectacular, plyometric
exercises proved their viability as well.

An investigation on young Moroccans indicates the need to avoid sedentary behav-
iour in children and adolescents. Physical activity participation deficits negatively influ-
ence lower limb explosive movement performance and anaerobic strength [102]. The ef-
fects of plyometrics are influenced by the training surface, but also by the training volume.
Higher volumes provide higher explosive power gains than lower ones. However, jumps
performed on hard training surfaces (and requiring fast stretch-shortening cycle) allow
important increases in explosive force even for moderate training volumes [103]. We used
jumps on different surface variations (grass, running track, concrete/hard stairs/steps),
which involved adapting the muscular system to these particularities.

Using unipodal combined training for Chinese university students is more effective
than the two-legged combined training variants for lower-body explosive power, accord-
ing to [104]. A comparison of the effectiveness of unilateral vs. bilateral plyometric training
on Greek university student athletes (both genders) was studied by [105]. Unilateral
plyometric training is more effective for single and double-leg jumping performance pro-
gress, as well as for the rate of force development. In our study, we used both jumping
variants (bilateral and unilateral jumping), with the height of the objects adjusted accord-
ing to individual possibilities.

Comparative analysis of 3 variants of plyometrics (rebound jumping, horizontal
jumping, and depth jumping) on leg muscle strength was applied to non-athlete/un-
trained Nigerian students (18-27 years old). After 12 weeks x 3 training sessions/week, all
variants provide increases in muscle strength, but the most effective are depth jumping
and rebound jumping [106]. We cautiously used the depth jumping variant, with a de-
crease in fall height, to prevent injuries and high joint pressures, especially for overweight
and obese students.

The use of plyometrics as a variant of the recovery program for the return of injured
athletes imposes certain limits, due to the high intensity of the jumps. Effort progression,
execution surface and reduction of relapse risk are important. Other aspects that must be
analyzed are the mobility of the joints, the appropriate level of muscle strength, a good
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knowledge and execution of the tennis structures, the capacity of the injured tissue to bear
the load [107]. The use of plyometrics in the recovery process requires an adaptation of
the volume, intensity and frequency of the planned jumps [108]. The application of plyom-
etric exercises in the recovery process after trauma is conditioned by a detailed analysis of
health problems, motor experience and previous injuries. In this way possible intensities
that are too high are avoided and the individualization of recovery is ensured [109]. In the
functional recovery of ACLR/anterior cruciate ligament reconstruction, the application of
plyometrics must be associated with the relative intensity of the effort, to ensure a reduced
risk of injury and a good burst of motion. The progressive and controlled increase in effort
is important for the success of neuro-muscular reconditioning, the quality of the execution
technique influencing this aspect and the loading of the joints [110]. Investigations on elite
athletes with anterior cruciate ligament rupture (ACL) have highlighted the beneficial ef-
fect of combining plyometric exercises with eccentric exercises. Their application after re-
habilitation from surgery (14 weeks) within a planning of 6 weeks x 2 sessions/week en-
sured favorable effects related to functional performance and stability. [111]. Other re-
search finds similar effects by applying low-intensity plyometrics vs. plyometrics with
high intensity, for patients during rehabilitation after anterior cruciate ligament recon-
struction. For both groups, positive effects in knee function and facilitation of return to
sports activities were found. [112]. Even if it is primarily used to optimize the muscular
power of healthy athletes, plyometric training also offers possibilities for recovery after
many lower limb injuries. Comparison of the effectiveness of plyometric exercises vs. re-
sistance exercises (6-week training) for athletes with acute lateral ankle sprain (applied 3
weeks after the acute injury) show better ankle functional performance values after
plyometric application. [113]. An adapted variant of plyometric exercises (aqua plyome-
tric training program) ensures beneficial effects related to neuromuscular performance,
without generating increases in vertical stiffness [114]. These studies also identify the pos-
sibility of applying plyometrics in the recovery process after trauma in the lower body
joints.

5. Conclusions

The research results confirm the effectiveness of plyometric exercises in increasing
muscle power indicators for the studied groups of university students and are a useful
option for improving fitness levels. The attractiveness and diversity of the exercises used
ensured good student engagement in the lessons, being a solution to counteract sedentar-
ism. The fact that the students were able to perform the proposed plyometric exercises
without reporting muscle or joint pain, confirms the possibility of applying these struc-
tures in physical education lessons. However, the poor fitness level and poor basic training
for muscle strength could be another argument for more limited progress. Although the
improvements are statistically significant, the results do not indicate spectacular increases
and are still weaker than the values recorded in most other research. This is because the
students involved in our study are not at all concerned about engaging in leisure time
physical activities, except for curricular physical education activities, sedentarism being a
major problem among young people. Another major difference is that the research to
which we have reported the results are studies of short duration, but with a higher fre-
quency of work/sports training sessions (4-12 weeks x 2-3 sessions), whereas we had only
one session per week allocated in the physical education lesson. Future research directions
will identify the possibility of adapting plyometric training for athletes with joint and
muscle injuries.

Study limitations: The large number of applied tests and independent variables de-
fined at the group level generated a high volume of data, which could not be fully pub-
lished in this manuscript. The results obtained from the upper body muscle strength tests,
i.e. the performance differences between the 4 BMI categories (underweight, normal
weight, overweight, and obese) will be published in other scientific papers as a comple-
ment to the current study.
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