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Abstract

Repeated vertical jump assessments are commonly used to evaluate lower limb average power and neuromus-
cular performance. However, discrepancies persist regarding the accuracy and consistency of different computa-
tional models used to estimate average power. Purpose: This study aimed to evaluate and compare three distinct 
models; Bosco, Miron Georgescu (MG), and Modified Miron Georgescu-15s (MGM-15) used during a 15-second 
repeated vertical jump test. Methods: Five male athletes participated in the testing protocol, using the OptoJump 
system. Power output (W/kg) was calculated through each model, based on jump height, flight time, and ground 
contact time. Statistical differences between models were assessed using repeated-measures ANOVA with Bon-
ferroni correction. Results: Results revealed significant discrepancies: Bosco produced the highest estimates (M = 
39.43 ± 7.74 W/kg), followed by MG (M = 20.38 ± 5.60 W/kg), while MGM-15 yielded the lowest values (M = 4.14 ± 
0.54 W/kg). ANOVA confirmed a strong effect of model type on output [F (2,8) = 111.50, p < .001, η2

p = .965], with 
all pairwise comparisons significant. Conclusion: These findings highlight the critical impact of model selection 
on performance interpretation. While Bosco’s model tends to overestimate power, the MGM-15 protocol may 
offer a more conservative and physiologically coherent alternative. Considering that repeated vertical jumps are 
typically performed in a “ball-like” elastic manner, the resulting power values may better reflect psycho-neuro-
motor quality such as anticipatory control and coordination rather than pure energetic output. The study under-
scores the need for standardized methodologies in jump-based power assessments. Future research with larger 
and more diverse cohorts is warranted to confirm these results and support the development of validated and 
reliable evaluation tools. 

Keywords: vertical jump, average power, lower limb, calculation models, athlete assessment

Cite this article: Geantă, V.A., de Hillerin, P.J. (2025) Methodological Discrepancies in Lower Limb Average Power 
Calculation in a Repeated Vertical Jump Test: A Preliminary Study. Montenegrin Journal of Sports Science and 
Medicine, 21 (2), Ahead of print. https://doi.org/10.26773/mjssm.250910

ORIGINAL SCIENTIFIC PAPER

@MJSSMontenegro
ASSESSMENT IN SPORT PERFORMANCE
http://mjssm.me/?sekcija=article&artid=305



4  DOI 10.26773/mjssm.250910

ASSESSMENT IN SPORT PERFORMANCE | V. A. GEANTĂ & P. J. DE HILLERIN

Introduction
Assessing athletes’ motor performance is a fundamental 

aspect of sport science, offering essential insights into their 
functional capacities and neuromuscular responses (Nishiumi 
et al., 2023). Among the most widely used methods for this 
purpose are vertical jumps tests, valued for their non-invasive 
nature, time efficiency, and strong correlation with lower limb 
power and coordination (Eythorsdottir et al., 2024; França et 
al., 2023). These tests are applied both as single efforts or re-
peated across various sports disciplines, often serving as in-
dicators of explosive strength, fatigue resistance, and athletic 
readiness (Grădinaru et al., 2024; García-Ramos et al., 2023).

However, inconsistencies in computational models used to 
calculate average power from repeated vertical jump test data 
pose significant challenges. These discrepancies arise largely 
from differences in how models interpret biomechanical pa-
rameters, such as jump height, flight time, and ground contact 
duration. Consequently, identical test performance may yield 
divergent results depending on the chosen model, raising con-
cerns regarding the validity and comparability of findings.

To contextualize these issues, the historical development 
of repeated vertical jump assessment models is worth re-
viewing. One of the earliest structured approaches, to repeat-
ed jump assessment was developed by Romanian physician 
Miron Georgescu in 1953. His approach, known today as 
the “Georgescu Test” is still used in specific regions of Latin 
America and provides a foundation for examining lower limb 
performance (Georgescu, 1953; Cherebețiu, personal commu-
nication, 2004). Decades later, Bosco et al. (1983) proposed a 
new computational model for estimating mechanical average 
power, which has since become a global reference. Despite 
early critiques, the Bosco model remains widely used in sport 
performance research and monitoring (Kaufmann et al., 2021; 
Natera et al., 2023; de Carvalho et al., 2024). 

These traditional models, however, have notable short-
comings. Hillerin (1997) argued that neither Georgescu’s test 
nor Bosco’s method truly assess anaerobic effort capacity, as 
they disregard the elastic mechanisms involved in movement 
execution. He further contended that their output results can 
contradict physiological realities by overattributing mechan-
ical power to muscular effort, while neglecting neuromotor 
coordination and passive elastic recoil. 

To address these limitations, Hillerin (1997) proposed a 
more comprehensive framework that integrates psycho-neu-
ro-motor variables, intersegmental coordination, and upper 
limb involvement. The term psycho-neuro-motor refers to an 
integrative view of human movement that combines psycho-
logical intent, neural coordination, and muscular execution as 
interconnected elements (Marin et al., 2015). This framework 
highlights not only muscular force but also anticipatory con-
trol. Anticipatory control refers to the neuromuscular system’s 
preparation for upcoming motor demands (Botezatu, 2013). It 
also includes timing and sensorimotor adaptations, which are 
crucial for effective performance (Botezatu et al., 2014).

Complementing this theoretical perspective, recent evalu-
ations of commercial systems like OptoJump have raised con-
cerns about the reliability of traditional mechanical formulas, 
which may significantly overestimate actual average power 
output when elastic and neuromotor components are not ac-
counted for (Geantă & de Hillerin, 2023). 

In response, the Modified Miron Georgescu method 
(MGM-15), was developed to address these limitations by 

incorporating not only mechanical parameters such as force, 
power, and elasticity but also psycho-neuro-motor indica-
tors related to control, coordination, and fatigue. Initially, 
redefined at the Romanian Centre for Sports Research, the 
MGM-15 protocol evaluates lower limb power during repeat-
ed jumps under time constraints, like Bosco and MG methods, 
but across bilateral and unilateral efforts. Unlike traditional 
models, it emphasizes both energetic and control parameters, 
offering a more nuanced understanding of neuromuscular 
performance in a general task that remains functionally rep-
resentative (Hillerin, 1997). 

Given these divergent methodologies, it becomes essen-
tial to systematically evaluate the validity and reliability of the 
primary computational approaches used in repeated vertical 
jump testing. Accurate comparisons are essential for perfor-
mance diagnostics, training design, and rehabilitation proto-
cols. To date, no study has directly compared the Bosco, MG, 
and MGM-15 models for calculating average power in a re-
peated 15-second vertical jump protocol. Establishing such 
comparisons is crucial given the prevalence of these models 
and the implications of their methodological divergence.

This study therefore aims to address that gap by analyzing 
methodological discrepancies among these models and identi-
fying the most reliable and physiologically grounded approach 
for estimating lower limb average power. 

Materials and Methods
Research Design

This preliminary study employed a within-subject compar-
ative design to evaluate discrepancies between three distinct 
models used to estimate average lower limb power during a 
15-second repeated vertical jump test. Our research focused 
on identifying discrepancies between Bosco, MG, and MGM-
15 average power calculation models using kinematic data.

Participants
Five male students from the Faculty of Physical Education 

and Sport, Aurel Vlaicu University of Arad, Romania, were 
randomly selected to participate in the study. All participants 
were physically active and had prior experience with vertical 
jump testing. The mean age was 20 ± 0.45 years, the average 
height was 178.6 ± 4.72 cm, and the average body weight was 
73 ± 8.12 kg.

All participants provided written informed consent prior 
to inclusion in the study. The research protocol was reviewed, 
registered, and approved by the institutional ethics committee 
(Registration number:210/16.04.2025). The study was con-
ducted in accordance with the clarify guidelines and the ethi-
cal standards of the Declaration of Helsinki.

Experimental Procedure
Each participant performed a single 15-second repeated 

vertical jump test with arm swing, aiming to maximize jump 
height while minimizing ground contact time. The test was 
conducted bilaterally using the OptoJump Next System (Mi-
crogate, Italy), a validated optical measurement system (Mi-
crogate, n.d.). Raw kinematic data as jump height (h), flight 
time (Tf), and ground contact time (Tc) were collected and 
used in three power calculation models:

Bosco model (Bosco et al., 1983)
MG model (Georgescu, 1953)
MGM-15 model (Hillerin, 1997)
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Figure 1. 15s Repetitive vertical jump test on both legs with arm swings.

Figure 2. Different methodologies for estimating average power (PU) in the 15-seconds repeated jumps test, 
according to Miron Georgescu, Bosco, and MGM-15 models.

Where: PU = Average power, g = Gravitational acceleration (typically 9.81 m/s²), Tf = Flight Time (included in 
the 3rd formula to account for the muscle contraction phase, analogous to a two-stroke engine: contraction–

relaxation), Tc = Contact Time, 15= Test duration, PU MG = Average Power Miron Georgescu Model, PU Bosco = 
Average Power Bosco Model, PU MGM-15 = Average Power Modified Miron Georgescu 15-s Model

Average Power Calculation Formula
The average power (PU) output was calculated using the 

following equations:

Bosco method:   (1)

Miron Georgescu method:  (2)

MGM-15 method:    (3)

Where:
PU = Average power output (W/kg)
m = Body mass (kg)
g = Gravitational acceleration (typically 9.81 m/s²),
n = Number of jumps
t= Total test time (15 seconds)
Tf = Flight time (s)
Tc = Contact time (s)

Statistical Analysis
As this was a preliminary study with a small and ho-

mogenous sample (N=5), statistical analyses were conduct-
ed with a focus on within-subjects consistency rather than 
generalizability. Data were analyzed using IBM SPSS Statis-

tics version 23 (IBM Corp., Armonk, NY, USA). Descrip-
tive statistics (mean and standard deviation) were computed 
for each of the three computation models. The assumption 
of normality for each variable was assessed using the Sha-
piro-Wilk test, which is appropriate for small samples. All 
variables met the criteria for normal distribution (p> .05). 
To evaluate differences in estimated average power output 
across three methods, a one way repeated-measures analy-
sis of variance (ANOVA) was conducted. Mauchly’s test of 
sphericity was used to assess the assumption of sphericity. 
When assumption was violated, the Greenhuose-Geisser 
correction was applied. Effect size was assessed using partial 
eta squared (η2

p), with values interpreted as small (≥ .01), 
medium (≥ .06), or large (≥ .14), according to Cohen’s (2013) 
guidelines. For post hoc analysis, Bonferroni-adjusted pair-
wise comparison was used to explore differences between 
each pair of methods while controlling the family-wise error. 
The threshold for statistical significance was set at p < .05.

Results
Descriptive statistics for the three computational models 

Bosco, MG and MGM-15 are presented in Table 1. The Bos-
co model yielded the highest average power output (M= 39.45 
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± 7.74 W/kg), followed by the MG model (M= 20.38 ± 5.60 
W/kg), while the MGM-15 model produced the lowest values 
(M= 4.14 ± 0.54 W/kg).

As illustrated in Figure 3, mean power output values fol-
lowed the same pattern across all participants, with Bosco 
showing the highest estimates and MGM-15 the lowest.

Table 1. Average Power Output by Method

Method M (W/kg) SD (W/kg)

Bosco 39.43 7.74

MG 20.38 5.60

MGM-15 4.14 0.54

Note. M = Mean; SD = Standard Deviation; MG = Miron Georgescu; MGM-15 = 
Modified Miron Georgescu Method for 15s. Data reflects average power output in 

W/kg for each method during the 15-second repeated vertical jump test.

A repeated-measures ANOVA was conducted to assess 
whether differences between the models were statistically sig-
nificant. Results indicated a significant effects of calculation 
methods on power output, F (2,8) = 111.50, p < .001, with a 

large effect size (η2p = .965). The assumption of sphericity was 
violated (Mauchly’s W = .073, p = .020), so Greenhouse-Geiss-
er correction was applied. These results are summarized in 
Table 2.

Figure 3. Average power values calculated using the three methodologies for 15s Jumps

Figure 4. Average power output for each subject

Table 2. Repeated-Measures ANOVA for Average Power Output

Source SS df MS F p η2
p

Method 3119.98 2 1559.99 111.5 < .001 0.965

Error 111.92 8 13.99

Note. Greenhouse-Geisser correction was applied due to violation of sphericity (Mauchly’s W = .073, p = .020).
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To illustrate consistency across participants, Figure 4 presents 
the average power output for each subject under all three models.

Post hoc analysis using Bonferroni-adjusted pairwise 
comparisons revealed that all pairwise differences were sta-

tistically significant. Bosco yielded significantly higher pow-
er outputs than MG and MGM-15, and MG values were sig-
nificantly greater than MGM-15. These findings are detailed 
in Table 3.

Table 3. Bonferroni-Adjusted Pairwise Comparisons

Comparison Mean Difference (W/kg) 95% CI p

Bosco vs MG 19.04 [14.85, 23.24] < .001

Bosco vs MGM-15 35.29 [22.50, 48.08] < .001

MG vs MGM-15 16.25 [7.19, 25.31] <. 006

Note. All pairwise differences were statistically significant (p < .05) using Bonferroni correction. MG = Miron Georgescu; MGM-15 = 
Modified Miron Georgescu Method for 15s.

These results underscore the significant methodological 
discrepancies in average power calculation depending on the 
computation model employed.

Discussion
The study aimed to evaluate the validity and methodologi-

cal coherence of three computational models Bosco, MG, and 
MGM-15, used to calculate average power output during a 
15-second repeated vertical jump test. Statistical analysis re-
vealed consistent and substantial discrepancies between these 
methods. The Bosco model yielded the highest average power 
values, followed by MG, with MGM-15 generating the most 
conservative values. Repeated measures ANOVA confirmed 
that these differences were statistically significant, with large 
effect sizes. All pairwise comparisons remained significant af-
ter the Bonferroni correction.

These findings raise critical concerns regarding how me-
chanical power is conceptualized and quantified in repeated 
vertical jump testing protocols. The discrepancies observed 
are not mere numerical artifacts but rather reflect fundamen-
tal theoretical inconsistencies between the test execution and 
the computational assumptions of each model.

Misinterpretation Risk in Traditional Models
An important implication of these findings is the risk of 

misinterpretation when relying solely on mechanical models 
like Bosco or MG. Although these models may appear sen-
sitive to performance changes, they consistently produce in-
flated power values, potentially distorting conclusions about 
actual neuromuscular capacity. 

To illustrate this critique in practical terms, the follow-
ing non-biological simulation demonstrates the theoretical 
inconsistency. Rather than testing an athlete, the model was 
applied to a passive system, a standard basketball whose be-
havior is governed purely by mechanical laws. Geantă & de 
Hillerin (2023) conducted this controlled experiment to test 
how the Bosco formula interprets repeated jump behavior. 
When dropped from 1 meter and allowed to bounce freely for 
15 seconds, the actual energy input was approximately 6.12 
Joules. However, applying the Bosco formula resulted in an es-
timated energy output exceeding 2,200 Joules, more than 350 
times higher. In other words, the model mistakenly attributes 
elastic rebound, a passive mechanical phenomenon, to active 
muscular work (Monroy et al., 2007). 

Importantly, this result is not caused by the measurement 
tool. Rather, it reflects the oversimplified computational as-
sumptions embedded in the Bosco model. For instance, it 
treats flight time and contact duration as direct proxies for 

muscular power, even when the subject is an object. This un-
derscores the model’s conceptual limitations. The model fails 
to account for the biomechanical complexity of human tissue. 
This limitation calls for a deeper exploration of the biome-
chanical principles underlying elastic energy and the mus-
cle-tendon complex.

Elastic Energy and the Muscle-Tendon Complex
Briefly, the muscle-tendon complex enables movement by 

storing and releasing elastic energy via its viscoelastic proper-
ties, functioning both as springs and dampers (Wu et al., 2022; 
Roberts & Konow, 2013). These tissues contribute to force pro-
duction not only through active muscular contraction but also 
by passively returning stored energy (Bojsen-Møller & Mag-
nusson, 2019)

Such an approach overlooks essential biomechanical re-
alities. In particular, it ignores the neuromotor control and 
viscoelastic behavior of the muscle-tendon complex (Roberts 
& Konow, 2013). Viscoelasticity refers to the muscle-tendon 
tissues’ elastic and viscous characteristics, affecting ener-
gy dissipation and recovery during dynamic motion (Wu et 
al., 2022). Elastic recoil describes the passive release of this 
stored energy during movement, contributing to force output 
without additional active contraction (Fukashiro et al., 2006; 
Roberts, 2016). In reality, a substantial part of the force comes 
from passive recoil within the muscle-tendon complex (Holt 
& Mayfield, 2023). These tissues act both as elastic springs and 
viscous elements. They store and release energy depending on 
the movement demands (Mierke, 2022).

This biomechanical complexity is critical in protocols pro-
moting elastic rebound. For example, instructing athletes to 
“jump like a ball” leverages the muscle-tendon complex’s abil-
ity to store and release energy (Georgescu, 1953; Bosco et al., 
1983). These protocols reveal critical limitations in traditional 
models, as the discrepancy in average power in the Bosco and 
MG models challenges energy conservation principles (Shah-
savari & Torkaman, 2022; Haseli, 2020). These interpretations 
neglect neuromuscular, viscoelastic, and control-related com-
ponents of human movement (Geantă & de Hillerin, 2023). 

For example, the main cause of misinterpretation stems 
from the oversimplified assumption that vertical movement 
during jumping is entirely the result of muscular contraction 
(Akl, 2013). As a result, simplified models fail to distinguish 
between active contractile effort and passive viscoelastic re-
turn. This leads to systematic overestimation of power outputs. 
Both Bosco and MG models derive energy from the poten-
tial energy at the apex of the jump (m × g × h), multiply it by 
a coefficient of 1.5 in the MG model, and by 2.0 in Bosco’s, 
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and divide the results exclusively by ground contact time. This 
computational logic treats muscle power as a continuous and 
uniform energy process. However, it disregards the phasic na-
ture of human movement. 

In reality, muscle action follows a biphasic cycle, consist-
ing of contraction and relaxation phases (Sozbir et al., 2016). 
A useful analogy comes from internal combustion engines. 
Power is not measured solely during the explosion stroke but 
across the entire operational cycle (Norton, 2013). Similarly, 
muscular output should be assessed across the full motor se-
quence. This includes not only the ground contact phase but 
also preactivation, amortization, elastic recoil, and control 
during flight (Roberts, 2016; Satkunskiene et al., 2021; Goeck-
ing et al., 2024).

Advantages of the MGM-15 Model
Unlike traditional models, MGM-15 addresses biome-

chanical and neuromotor complexity by integrating asym-
metry, fatigue patterns, and motor control variables (Hillerin, 
1997). This shift enables more accurate and personalized ath-
lete evaluations by capturing motor coordination and control 
under dynamic constraints, not just force or jump height.

While historically relevant, the Georgescu method (MG) 
reflects mid-20th century physiological assumptions and lacks 
sensitivity to inter-jump variability, coordination fluctuations, 
and fatigue-related motor adaptations. These limitations re-
duce its applicability to modern, high-resolution assessment 
of complex motor performance.

Moreover, the MGM-15 introduces a paradigm shift by 
framing vertical jump performance within a psycho-neu-
ro-motor context (Geantă & de Hillerin, 2023). It incorporates 
both bilateral and unilateral effort under time constraints, en-
abling the detection of intra-individual asymmetries, fatigue 
responses, and coordination precision (Hillerin, 1997).

This aligns with contemporary theories of anticipatory motor 
control. In this view, performance depends not only on force pro-
duction but also on timing, rhythm, anticipation, and adaptive 
mechanisms strategies (Botezatu, 2013, Botezatu et al., 2014).

Practical Applications and Diagnostic Utility
Building on these methodological strengths, the MGM-15 

protocol has already been employed in applied sport settings 
to assess movement control, asymmetry, and fatigue dynam-
ics. In volleyball, it has been used to monitor explosive power 
(Mureșan et al., 2016), in football to optimize agility-based 
training interventions (Ciobotaru et al., 2014), and in judo to 
evaluate neuromotor asymmetries (Sava, 2015). Additionally, 
recent applications in junior basketball athletes have demon-
strated how MGM-15 detects dynamic changes in lower-limb 
control symmetry across different movement speeds (Iacobini 
& de Hillerin, 2025).

These examples underline the model’s flexibility and diag-
nostic relevance in sport-specific contexts. However, despite 
its practical value, MGM-15 remains underrepresented in 
international literature. This suggests a gap between applied 
practice and academic validation.

Toward a Psycho-Neuro-Motor Assessment Paradigm
Addressing the conceptual limitations of traditional 

models, the MGM-15 protocol underpins a pioneering psy-
cho-neuro-motor assessment framework, redefining vertical 
jump evaluation, through integrated biomechanical and neu-

romuscular perspective. The phrase “bouncing like a ball” is 
often used in jumping protocols to instruct athletes to mini-
mize energy loss and maximize rebound, simulating the elastic 
properties of a ball. However, human movement differs from 
passive objects, as elastic rebound is modulated by active neu-
romuscular control (Struzik and Zawadzki, 2016). 

While repetitive vertical jumps do involve a significant 
elastic component, the resulting average power output should 
not be interpreted solely as a reflection of mechanical or ener-
getic capacity. Human performance is shaped by active neuro-
muscular mechanisms, including reflexive muscle activation, 
proprioceptive feedback and anticipation, which influence 
ground contact time, force and rhythm (Yilmaz et al., 2024; 
Botezatu et al., 2014; Kopper et al., 2013). These elements 
make the jump a functional proxy for psycho-neuro-motor 
quality rather than purely elastic recoil.

This perspective emphasizes the role of structural antici-
pation and coordinated neuromuscular control in movement 
execution (Botezatu et al., 2014). Considering this, motor 
performance assessment through repeated vertical jump tests 
should integrate the entire psycho-neuro-motor system, from 
central nervous system command to muscular response and 
feedback mechanisms (Geantă & de Hillerin, 2023). 

Overall, within this integrative framework, the MGM-15 
protocol provides a consistent, context-aware approach to 
evaluating repeated vertical jump performance, establishing 
itself as a promising tool for both athlete monitoring and in-
ter-individual comparisons.

Limitations
This preliminary study is limited by a small and homoge-

neous sample, reducing the generalizability of its findings. The 
computational models were not validated against biomechan-
ical gold standards such as force plates or 3D motion capture. 
Moreover, the simulated ball test, while illustrative, cannot 
replicate the complexity of human neuromuscular control. 
Therefore, the observed discrepancies should be interpreted 
with caution in applied contexts.

Conclusions
This study highlights the critical impact that computa-

tional methodology has on estimating average power output 
during repeated vertical jump testing. The Bosco, MG, and 
MGM-15 models yielded divergent results, confirming that 
these methods are not interchangeable. The MGM-15 model 
while, more conservative, offers a more comprehensive assess-
ment by integrating neuromotor coordination, fatigue, and 
asymmetries. 

This approach better reflects the psycho-neuro-motor 
complexity of human movement. Traditional models may 
overestimate power by neglecting elastic energy and control 
mechanism. Our findings underscore the need for standard-
ized, integrative assessment protocols that combine mechani-
cal and neuro-motor perspectives. Such tools are essential for 
accurate athlete profiling, reliable diagnostics, and individual-
ized training strategies. 

A paradigm shift is needed toward evaluation methods 
that reflect the full psycho-neuro-motor complexity of human 
performance. Standardized, integrative protocols like MGM-
15 can bridge the gap between mechanical output and func-
tional athletic capacity, improving both diagnostics and train-
ing personalization.
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