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Abstract

The purpose of this study was to investigate the effects of an eight-week functional
training program on the development of explosive strength in adolescent basketball
players. A total of 32 athletes (15 girls and 17 boys, aged 14-17 years) participated in the
study. The evaluation was carried out using the Optojump system, applying three
standardized tests: Countermovement Jump (CMJ), Repeated Jumps (RJ5), and Squat
Jump (SJ). Athletes were tested before and after the intervention, and statistical analysis
was performed using SPSS v26. Results indicated significant improvements in all tests for
both sexes (p < 0.001), with mean increases between 1.8 and 2.7 cm. Effect sizes were
large (Cohen’s d > 1.0), and confidence intervals confirmed the robustness of the findings.
The results demonstrate that functional training is an effective and safe method for
optimizing explosive strength and vertical jump in adolescent basketball players,
supporting its integration into long-term athletic development programs.

1. Introduction

The development of explosive strength represents one of the essential
components of performance in modern sports games, especially in basketball,
where actions such as rebounding, contested shooting, or blocking require high
levels of vertical jump and reactive ability (Bosco, C., Luhtanen, P., & Komi, P.V.,
1983). Among adolescent athletes, this aspect becomes even more important, as the
period of biological development provides a “critical window” for optimizing
neuromuscular qualities (Cohen, D. et al., 2021; Harper, D. J., Cohen, D. D.,
Rhodes, D., Carling, C., & Kiely, J., 2022) and for preventing imbalances that may
lead to injuries (Lloyd et al., 2015).

Functional training has become, in recent decades, an increasingly used

* E-mail: alecu.stefan@unitbv.ro, tel.0742098048

72


mailto:alecu.stefan@unitbv.ro

Alecu S. / Gymnasium - Scientific Journal of Education, Sports, and Health
ISSUE 1, VOL. XXIII /2022

method in athlete preparation (Onea, G. A., & Balint, L., 2017), by emphasizing
complex, multi-joint exercises that reproduce sport-specific movements and
simultaneously require strength, stability, and coordination (Behm, D.G,,
Faigenbaum, A.D., Falk, B., & Klentrou, P., 2008). By integrating plyometric
exercises and core stability drills, functional training contributes to the
development of the kinetic chain in an integrated way, facilitating the transfer of
acquired qualities into the specific context of competition (Granacher et al., 2016).

In this context, explosive strength is closely related to the efficiency of the
stretch-shortening cycle (SSC), a biomechanical mechanism that enables the
conversion of elastic energy into additional mechanical energy during jumps and
changes of direction (Komi, 2000). The ability to optimally utilize the SSC can be
measured through indicators such as the Reactive Strength Index (RSI), obtained
through repeated jump tests, which provide relevant information for monitoring
young athletes’ performance (Read & Lloyd, 2014).

Numerous studies have shown that introducing plyometric and functional
exercises to school-aged athletes has positive effects not only on performance but
also on injury prevention, by increasing neuromuscular control (Onea, G. A.,
Balint, L., & Pascu, M., 2017) and joint stability (Myer et al., 2011; Faigenbaum et
al., 2009). Furthermore, in basketball, such training has been associated with
improved vertical jump performance and greater efficiency in specific game actions
(Zemkova & Hamar, 2010).

Beyond the methodological component, monitoring athletes’ progress requires
objective and reliable tools. The Optojump Next system (Microgate) is widely used
in sports research for evaluating vertical jump parameters (contact time, flight time,
jump height), and is considered a valid and reproducible instrument (Glatzel et al.,
2020). Its use allows for a detailed and precise analysis of the changes induced by a
training program and provides coaches and researchers with objective data for
validating interventions (Teris, S., Lakotos, I. I., Koronas, V., 2024).

Thus, considering the importance of explosive strength in basketball, the high
potential for development during adolescence, and the effectiveness of functional
training (Hernandez-Lougedo, J. et al., 2021; Soriano, M. A., Boullosa, D., &
Amaro-Gahete, F., 2022; Xiao, W. et al., 2021; Badau, A., 2019) supported by
plyometric exercises, the present research aims to investigate the effects of an 8-
week functional training program on vertical jump performance, measured through
the CMJ, RJ5, and SJ tests using the Optojump system, in adolescent athletes
registered with a basketball club in Brasov.

2. Materials and Methods

The purpose of this study was to evaluate the effects of an eight-week
functional training program on the development of explosive strength in adolescent
basketball athletes, using Optojump technology. The working hypothesis was that
functional training can significantly improve vertical jump performance, measured
through standardized tests with the Optojump system.

Participants: The study included 32 athletes (15 girls and 17 boys), aged
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between 14 and 17 years, registered with a basketball sports club in Brasov. All
participants were clinically healthy, had at least two years of competitive
experience, and trained regularly (3-5 sessions per week). Parental approval and
informed consent from the athletes were obtained, in accordance with the
Declaration of Helsinki on research ethics involving minors.

Experimental design: Participants underwent both initial and final testing
using the Optojump Next system (Microgate) to measure explosive strength
through the following three standardized tests:

1. Countermovement Jump (CMJ) — measures jump height and flight time,
reflecting the explosive strength of the lower limbs.

2. Five Repeated Jumps (RJ5) — assesses reactive capacity and muscle
elasticity through the calculation of the Reactive Strength Index (RSI).

3. Squat Jump (SJ) — performed from a static half-squat position without
countermovement, to highlight pure concentric strength.

Intervention protocol: The athletes followed an eight-week functional
training program (outlined in Table 1), integrated into their regular training routine.
Sessions were carried out three times per week, each lasting approximately 45
minutes. The training structure was progressive, adapted to each athlete’s level, and
aimed to avoid overtraining.

Table 1. Intervention Program — 8-Week Functional Training

Phase Weeks Main Objective Recommended Functional Exercises Sets x Reps
. . 1. Bodyweight squats 3x12
1. N Learning technique, 2. Forward lunges with trunk rotation 3x10/side
. Neuromuscular 12 stability, 37 inol ith head 3%10
- — ion for - Jumps in place with arms overhea x1
adaptation el 4. Plank + arm/leg ift 3x30 sec
Plyometrics 5. Single-leg glute bridge 3x12/side
Increasing 1. Squat Jump 4x8
2. Basic strength - concentric— g Extplosllye step-up on bel?ﬁh dle (30 cm) ixgls'de
development explosive strength - cAteral Jumps over small hurdle (U cm Xle
P ang stability g 4. Side plank with hip lift 3x12/side
5. Overhead medicine ball throw 3x10
I 1. Drop Jump from bench (40 cm) 4x8
Activation of - S
. . 2. Depth jump + vertical jump 3x10
3. Plyometrics and 5-6 ztrgltghr—::cc;ir\tlimng 3. RJ5 -5 consecutive jumps 4 reps
power 'alm s 4. Jumping lunges 3x10/side
jump 5. Dynamic plank on medicine ball 3x12
Transfer to game 1. Jumps to the backboard with ball 4x8
4. Integration and situations, 2. Direction_—chgnggjumps_ ) 4x6/side
basketball- 7.8 maximum vertical gh;’r:ygn;]?té:(;eiltzgt:‘;t (drop jump + 10 msprint + 6 reps
specific jump g

4. Medicine ball slam jump 3x8
5. Integrated core (plank + medicine ball throw) ~ 3x10

Data collection and processing: The Optojump system recorded indicators
such as jump height (cm), contact time (s), flight time (s), and RSI (Reactive
Strength Index). Each participant performed three valid repetitions for each test,
and the best result was retained for analysis.

The final analysis showed that 28 athletes recorded progress (between 3%
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and 15%), 2 remained unchanged, and 2 showed minor regression (~5%), which
confirms the overall effectiveness of the applied program.

3. Results and discussions

Statistical analysis was performed using IBM SPSS v26. Mean, standard
deviation (SD), minimum and maximum values, and coefficient of variation
(CV%) were calculated for each test and gender. To compare results between the
initial and final testing, the paired-samples t-test was used, with the level of
significance set at p < 0.05. Effect size was determined using Cohen’s d, and
estimation precision was assessed with 95% confidence intervals (CI195%). To
verify assumptions, the distribution of differences between testings was analyzed
using the Shapiro-Wilk test.

In Table 1, the mean values (X) obtained in all three tests (CMJ, RJ5, SJ)
show a consistent increase from initial testing (IT) to final testing (FT), both in
boys and girls.

e CMJ: boys improved from 27.74 cm to 29.68 cm, while girls improved from

29.18 cmto 31.33 cm.

e RJ5: boys increased from 31.03 cm to 33.72 cm, girls from 28.26 cm to 30.08 cm.

e SJ: boys improved from 31.36 cm to 33.53 cm, girls from 29.82 cm to 32.42 cm.

Inferential analysis shows that all differences are statistically significant (p =
0.000, in all cases), confirmed by the high t values (between 4.5 and 6.0). This
demonstrates that the recorded changes are not random but the result of the applied
training program.

The coefficient of variation (CV%) ranged between 14% and 21%, indicating
moderate variability within the groups, typical for adolescents in a developmental
phase. However, the reduction in CV% in boys for CMJ (from 16.33% to 14.08%)
suggests better performance homogeneity after the intervention.

Table 2. Descriptive statistics for the Optojump tests

Test Gender IT/FT X(cm) Min Max SD t p CV%
cMI M IT 27.74 2082 36.34 453 5562 0.000 16.33
FT 29.68 2292 36.34 4.18 5562 0.000 14.08
cMJ F IT 29.18 2069 39.74 529 4546 0.000 18.13
FT 31.33 22.79 4461 6.40 4546 0.000 20.43
RJ5 M IT 31.03 2181 3849 536 6.039 0.000 17.27
FT 33.72 2465 4370 6.42 6.039 0.000 19.03
RJ5 = IT 28.26 2127 3939 589 4518 0.000 20.84
FT 30.08 2270 4424 6.12 4518 0.000 20.34
sJ M IT 31.36 20.74 3944 6.17 4.832 0.000 19.67
FT 33.53 2288 4517 6.87 4.832 0.000 20.49
sJ E IT 29.82 20.73 3982 6.47 4541 0.000 21.70
FT 32.42 2352 4500 6.63 4.541 0.000 20.45

IT —initial testing, FT — final testing, Min — minimum, Max — maximum, SD — standard deviation, t
— paired-samples t-test, p — significance level, CV% — coefficient of variation.
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The results presented in Table 2 show that the eight-week functional training
program produced significant and consistent effects on explosive strength,
confirmed by the large values of Cohen’s d, the positive confidence intervals, and
the validation of normality through the Shapiro-Wilk test.

Countermovement Jump (CMJ). Boys (d = 1.349, AX = +1.94 cm): very
large effect, with an increase in jump height confirmed by the 95% CI (1.25 — 2.62
cm). This indicates a clear improvement in explosive strength in the extensor chain
of the lower limbs. Girls (d = 1.174, AX = +2.15 cm): large effect, with a slightly
wider confidence interval (1.22 — 3.07 cm), showing greater variability. This result
suggests good neuromuscular adaptation (Onea, G. A., Balint, L., & Oprea, D.,
2018) to concentric and elastic exercises.

The CMJ confirms that both boys and girls significantly improved their
vertical jump performance. Mean increases of over +2 cm are practically relevant
for basketball, where even a few centimeters can influence success in rebounding
or contested shots.

Repeated Jumps Test (RJ5). Boys (d = 1.465, AX = +2.69 cm): the largest
effect among all tests, showing significant development of reactive capacity and
stretch—shortening cycle efficiency. The confidence interval (1.82 — 3.56 cm)
confirms the robustness of this progress. Girls (d = 1.186, AX = +1.82 cm): large
effect, though smaller than in boys, which can be explained by differences in
muscle mass and neuromuscular recruitment. Nevertheless, the progress remains
significant and indicates a clear improvement in RSI (Reactive Strength Index).
The RJ5 results show that boys benefited more from the plyometric and reactive
components of the program, suggesting more efficient adaptation to explosive
impact exercises. For girls, the progress is relevant but more moderate, indicating
that reactive exercises should be integrated carefully and progressively.

Squat Jump (SJ). Boys (d = 1.255, AX = +2.17 cm): large effect, with a clear
increase in pure concentric strength. This result demonstrates that training
effectively stimulated force production without elastic contribution. Girls (d =
1.204, AX = +2.60 cm): large effect and an even greater increase than in boys,
suggesting that girls responded better to concentric-type exercises. The confidence
interval (1.42 - 3.78 cm) confirms the robustness of the progress.
The SJ shows that both groups significantly developed concentric—explosive
strength. The better results in girls suggest that they exploited functional and
controlled-load plyometric exercises more effectively.

Shapiro-Wilk test (normality). In all cases, p-values were > 0.05 (between
0.389 and 0.758), confirming that the distributions of the differences were normal
and that the use of the paired-samples t-test was valid. This further strengthens the
robustness of the statistical conclusions and rules out the risk of errors related to
the nature of the data.
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Table 3. Effect size and Shapiro-Wilk normality test for CMJ, RJ5,
and SJ performances

AX 1C95%

Test Gender d (cm) Lower Higher P

CMJ M 1349 1.94 1.25 2.62 0.445
CMJ F 1174 215 1.22 3.07 0.758
RJ5 M 1.465 2.69 1.82 3.56 0.578
RJ5 F 1186 1.82 1.04 2.59 0.389
SJ M 1.255 217 1.35 3.00 0.736
SJ F 1.204 2.60 1.42 3.78 0.694

d — Cohen’s d value, AX — mean difference, Cl — confidence interval, p — Shapiro-Wilk
normality test

Discussions

The results obtained after applying the eight-week functional training
program confirm the hypothesis that this type of training leads to a significant
improvement in explosive strength and vertical jump in adolescent basketball
athletes. The increasing mean values for all tests (CMJ, RJ5, SJ), as well as the
extremely low p-values (p < 0.001), indicate that the observed differences are not
random, but the direct result of the intervention.

An important aspect highlighted is the effect size (Cohen’s d > 1.0), which
demonstrates not only statistical significance but also major practical impact on
sports performance. These findings are consistent with the literature, which
emphasizes that functional and plyometric training contribute to enhancing
neuromuscular capacities and developing explosive strength (Faigenbaum, A.D. et
al., 2009; Myer et al., 2011).

The RJ5 test results suggest a clear improvement in reactive capacity, shown
by the increase in repeated jump height and reduction in contact times. This is
supported by studies indicating that the Reactive Strength Index (RSI) is a key
indicator for performance in sports requiring repeated jumps and changes of
direction (Read & Lloyd, 2014; Wilkerson & Giles, 2011).

Furthermore, the coefficient of variation values (CV% between 14 and 21%)
indicate moderate variability, typical of adolescents undergoing biological and
neuromuscular development (Lloyd et al., 2015). The more pronounced progress in
boys in RJ5 can be explained by higher muscle mass, while the better results in girls in
SJ indicate superior neuromuscular recruitment capacity in concentric tasks, a finding
supported by previous research (Ford, K.R., Myer, G.D., & Hewett, T.E., 2003).

The literature suggests that introducing functional and plyometric training
programs at early ages not only stimulates performance but also contributes to
injury prevention by strengthening neuromuscular control and joint stability
(Granacher et al., 2016; Behm et al., 2008; Teris, S., & Enoiu, S.R., 2021; Stefan,
& Sandu, 2021). The results obtained in this study support this perspective and
demonstrate that a structured and progressive program can be successfully
implemented with adolescent athletes.

77



Alecu S. / Gymnasium - Scientific Journal of Education, Sports, and Health
ISSUE 1, VOL. XXIII /2022

Overall, the data confirm the working hypothesis and align with current
trends in the literature, which state that functional training is an effective method
for optimizing sports performance and vertical jump in basketball (Zemkova &
Hamar, 2010; Winter & Fowker, 2009). This study, although providing relevant
and significant results for optimizing explosive strength in adolescent athletes
through functional training, presents a number of limitations that must be
considered when interpreting and generalizing the conclusions:

Lack of a control group. The pre—post test design without a control group reduces
internal validity, since the influence of other external factors (biological growth, ongoing
training, etc.) on the observed progress cannot be completely excluded.

Small and homogeneous sample. All participants came from the same sports
club, which limits the generalizability of the results to other athletic populations
(other clubs, performance levels, or different sports).

Relatively short intervention period. The eight-week period is suitable for
observing initial changes but does not provide information on the sustainability of
progress in the long term or on the potential transfer to actual gameplay.

The results of this study have several direct implications for coaches, strength
and conditioning specialists, and youth athlete development experts:

Integration of functional training in adolescent preparation. The data support
the use of functional and plyometric exercises in young athletes’ training cycles as
an effective method to develop explosive strength without significant risks.

Progressive structuring of exercises. The applied program, divided into four
phases (adaptation, strength development, plyometrics, integration into play), can
serve as a model for planning microcycles, promoting neuromuscular adaptation
and preventing overtraining.

Objective monitoring of progress. The use of systems such as Optojump
allows for rigorous and standardized evaluation of vertical jump, providing coaches
with a precise tool for individualized adjustment of training programs.

4. Conclusions

The eight-week functional training program produced statistically significant
improvements (p < 0.001) in all three explosive strength assessment tests (CMJ,
RJ5, SJ), in both boys and girls.

The high effect size values (Cohen’s d > 1.0) indicate not only the statistical
significance of the progress but also a major practical impact on the development
of vertical jJump in adolescent basketball athletes.

The increase recorded in the RJ5 test confirms the improvement of reactive
capacity and the use of the stretch—shortening cycle, while the progress in the SJ
test suggests the development of pure concentric strength, particularly in girls.

The coefficient of variation (CV%) showed moderate variability (14—21%),
characteristic of the pubertal age, but with a tendency toward performance
homogenization after the intervention, especially in boys.

Overall, the results confirm the research hypothesis, demonstrating that a
structured functional training program is an effective and safe method for
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optimizing explosive strength and vertical jump performance in the preparation of
adolescent basketball athletes.

References

1.

10.

11.

12.

13.

BADAU, A, et. al. (2019). The influence of body mass of water level on
cardiovascular and urinary parameters at athlete students. Revista de
Chimie, 70(9), 3269-72.

BEHM, D.G., FAIGENBAUM, A.D., FALK, B., & KLENTROU, P. (2008).
Canadian Society for Exercise Physiology position paper: resistance training
in children and adolescents. Appl Physiol Nutr Metab, 33(3), 547-561.
BOSCO, C., LUHTANEN, P., & KOMI, P.V. (1983). A simple method for
measurement of mechanical power in jumping. European Journal of Applied
Physiology, 50(2), 273-282.

COHEN, D. D., RESTREPO, A., RICHTER, C., HARRY, J. R., FRANCHlI,
M. V., RESTREPO, C., POLETTO, R., & TABERNER, M. (2021).
Detraining of specific neuromuscular qualities in elite footballers during
COVID-19 quarantine. Science & medicine in football, 5(supl), 26-31.
FAIGENBAUM, A.D., KRAEMER, W.J., BLIMKIE, C.J., et al. (2009).
Youth resistance training: updated position statement paper from the National
Strength and Conditioning Association. J Strength Cond Res, 23(5), S60-S79.
FORD, K.R., MYER, G.D., & HEWETT, T.E. (2003). Valgus knee motion
during landing in high school female and male athletes. Medicine & Science
in Sports & Exercise, 35(10), 1745-1750.

GLATZEL, M., WIRTH, K., SENNER, V., & KEINER, M. (2020). Validity
and reliability of the Optojump system for assessing different jump types.
Journal of Strength and Conditioning Research, 34(2), 353-360.
GRANACHER, U., LESINSKI, M., BUSCH, D., et al. (2016). Effects of
resistance training in youth athletes on muscular fitness and athletic
performance: a conceptual model for long-term athlete development.
Frontiers in Physiology, 7, 164.

HARPER, D. J., COHEN, D. D., RHODES, D., CARLING, C., & KIELY, J.
(2022). Drop jump neuromuscular performance qualities associated with
maximal horizontal deceleration ability in team sport athletes. European
journal of sport science, 22(7), 1005-1016.

HERNANDEZ-LOUGEDO, et al. (2021). Effects of Introducing Rest
Intervals in Functional Fitness Training. Applied Sciences, 11(20), 9731.
KOMI, P.V. (2000). Stretch-shortening cycle: a powerful model to study
normal and fatigued muscle. Journal of Biomechanics, 33(10), 1197-1206.
LLOYD, R.S,, et al. (2015). National Strength and Conditioning Association
position statement on long-term athletic development. J Strength Cond Res,
29(5), 1439-1450.

MYER, G.D., FAIGENBAUM, AD., EDWARDS, N.M,, et al. (2011). Sixty
minutes of what? A developing brain perspective for activating children with an
integrative exercise approach. British Journal of Sports Medicine, 49(23), 1510-1516.

79



Alecu S. / Gymnasium - Scientific Journal of Education, Sports, and Health
ISSUE 1, VOL. XXIII /2022

14. ONEA, G. A., & BALINT, L. (2017). Body Mass Index, Physical fitness
assessment and injuries incidence among arab schoolchildren. European
Proceedings of Social and Behavioural Sciences.

15. ONEA, G. A,, BALINT, L., & OPREA, D. (2018). A case study-determining
the muscle imbalance of the juniors 3 in hurdles events through Biodex
System 4 Pro™. Bulletin of the Transilvania University of Brasov. Series X,
Sciences of Human Kinetics, 11(2), 51-58.

16. ONEA, G. A., BALINT, L., & PASCU, M. (2017). Physiological patterns,
neuromuscular efficiency, technical style and biomechanical adaptations of
the lower limb-transition to 110 m/400 m hurdles. Discobolul, 74.

17. READ, P., & LLOYD, R.S. (2014). The use of repeated jump testing as a
diagnostic and monitoring tool in youth athletes. Strength and Conditioning
Journal, 36(6), 23-32.

18. SORIANO, M. A., BOULLOSA, D., & AMARO-GAHETE, F. (2022).
Editorial: Functional fitness/high intensity functional training for health and
performance. Frontiers in physiology, 13, 1024809.

19. STEFAN, T., & SANDU, E. R. (2021). Experimental study regarding
development of speed, coordination and balance in football game for children
age 10-12 years. Ovidius University Annals, Series Physical Education and
Sport/Science, Movement and Health, 21(2 Sl), 512-519.

20. TERIS, S., LAKOTOS, I. I, KORONAS, V., (2024). Training Model
Designed to Strengthen and Improve the Pass for Juniors 10-12 Years.
Bulletin of the Transilvania University of Brasov. Series IX: Sciences of
Human Kinetics, 199-206.

21. WILKERSON, G.B., & GILES, J.L. (2011). Predictive validity of a reactive
strength index-derived measure of lower extremity stiffness. International
Journal of Athletic Therapy and Training, 16(5), 26—30.

22. WINTER, E.M., & FOWLER, N.E. (2009). Exercise and training: physiological
and biomechanical aspects. In A. MAUGHAN (Ed.), The Encyclopaedia of
Sports Medicine (Vol. XVII, pp. 281-301). Wiley-Blackwell.

23. XIAO, W.,, SOH, K. G., WAZIR, M. R. W. N, TALIB, O., BAI, X.,BU, T.,
SUN, H., POPOVIC, S., MASANOVIC, B., & GARDASEVIC, J. (2021).
Effect of Functional Training on Physical Fitness Among Athletes: A
Systematic Review. Frontiers in physiology, 12, 738878.

24. ZEMKOVA, E., & HAMAR, D. (2010). Effect of 6-week strength training
on power performance in athletes. Acta Universitatis Palackianae
Olomucensis, 40(2), 45-53.

©2017 by the authors. Licensee ,, GYMNASIUM” - Scientific Journal of
Education, Sports, and Health, ,,Vasile Alecsandri” University of Bacdu, Romania.
This article is an open access article distributed under the terms and conditions of the Creative
Commons  Attribution  ShareAlike 4.0  International (CC BY  SA) license
(http://creativecommons.org/licenses/by-sa/4.0/).

80



