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Abstract
Purpose The purpose of this study was to examine the relationships among leg extension strength, explosive strength, muscle 
activation, and measurements of growth to predictions of vertical jump performance in youth athletes.
Methods Height, body mass, skinfolds, and quadriceps femoris muscle cross-sectional area were measured in 39 sports 
active children (20 females, 19 males, age = 12.52 ± 0.62 years old). Peak torque (PT), rate of torque development (RTD), 
rate of velocity development (RVD), and rate of electromyographic amplitude rise (RER) were measured during isometric 
and isokinetic leg extensions. PT, RTD, and RVD were expressed in absolute terms and normalized to body mass. Estimated 
jump height (JH) and peak power (PP) were assessed during static (SJ), counter-movement (CMJ), and drop (DJ) jumps.
Results JH exhibited greater correlations with PT normalized to body mass (r = 0.387–0.758) than absolute PT (r = 0.338–
0.417), whereas PP exhibited greater correlations with absolute PT (r = 0.368–0.837). Only negligible to moderate relation-
ships existed between JH and PP across all jumps (r = 0.053–0.605). Over 50% of the variability in PP was predicted in 24 
of 30 regression models with absolute muscle strength, muscle activation, and measurements of growth, while only 6 of 30 
models predicted more than 50% of the variability in JH.
Conclusion Overall, absolute static and dynamic muscle strength, muscle activation, and growth better explained PP meas-
ured during vertical jumps than estimated JH.

Keywords Children · Adolescent · Torque · Jump height · Power

Introduction

Vertical jump tests are among the most popular assessments 
of lower-body power for children and adolescents [12, 32]. 
Perhaps the most popular vertical jump test is the counter-
movement jump (CMJ), which involves a downward, eccen-
tric movement followed by a rapid, maximal vertical jump. 
Other techniques, such as the static jump (SJ) and drop jump 
(DJ) have also been studied to understand the contributions 
of the concentric and eccentric phases of the vertical jump 
in children [1, 11, 32]. Regardless of the technique used, 

vertical jump performance increases as children grow and 
develop [9, 10, 19, 20]. Thus, understanding the underlying 
mechanisms contributing to increases in vertical jump per-
formance may provide unique insight into changes in muscle 
function during growth and development.

In adults, previous studies have suggested that meas-
urements of isometric or isokinetic leg extension muscle 
strength may predict vertical jump performance [5, 6, 29, 
30, 33]. These studies collectively concluded that muscle 
strength during leg extension muscle actions is related to, 
and contributes to predictions of, vertical jump performance 
in adults. However, we are aware of only two studies exam-
ining the relationships among isometric or isokinetic leg 
extension strength and vertical jump performance in chil-
dren and adolescents [21, 27]. Rouis et al. [27] measured 
isokinetic leg extension strength at angular velocities of 90, 
180, 240, and 300°/s and vertical jump height (JH) during 
the CMJ in adolescent females. The authors concluded that 

 * Joel T. Cramer 
 jcramer@unl.edu

1 Department of Nutrition and Health Sciences, University 
of Nebraska-Lincoln, 211 Ruth Leverton Hall, Lincoln, 
NE 68583, USA

http://orcid.org/0000-0002-5270-9359
http://crossmark.crossref.org/dialog/?doi=10.1007/s42978-020-00067-0&domain=pdf


337Journal of Science in Sport and Exercise (2020) 2:336–348 

1 3

isokinetic strength at high angular velocities (> 240°/s) was 
strongly related to JH. McKinlay et al. [21] examined the 
relationships among isometric and isokinetic (angular veloc-
ity = 240°/s) leg extension strength and estimated JH from 
the SJ, CMJ, and DJ in adolescent males. The authors con-
cluded that isokinetic, but not isometric, strength was signifi-
cantly related to estimated JH from the CMJ. Furthermore, 
McKinlay et al. [21] reported that isokinetic leg extension 
strength and body mass consistently contributed to regres-
sion models predicting estimated JH from the SJ, CMJ, and 
DJ. Interestingly, both Rouis et al. [27] and McKinlay et al. 
[21] found that when muscle strength was normalized to 
body mass, the magnitudes of relationships between strength 
and JH increased, regardless of the angular velocity during 
the leg extension muscle action. The fact that body mass was 
a confounding factor in the relationships among strength and 
JH in young males and females [21, 27] was consistent with 
several previous studies in adults [17, 24, 33, 36].

Using regression analyses, McKinlay et al. [21] reported 
that isokinetic leg extension strength at an angular velocity 
of 240°/s and body mass together predicted 32%–44% of the 
variance in estimated JH during the SJ and CMJ. Similarly, 
Rouis et al. [27] found that isokinetic leg extension strength 
from angular velocities of 180–300°/s predicted 46%–72% 
of the variance in JH. Previous studies in adults [5, 6, 26, 29, 
30, 33, 34] have found that isometric and isokinetic strength, 
with angular velocities ranging from 60–180°/s, predicted 
16%–74% of the variance in JH. However, since the vertical 
jump test is considered to be an assessment of lower-body 
peak power (PP), measurements of PP from vertical ground 
reaction forces should be included in addition to JH. We are 
unaware of any previous studies in children and adolescents 
to predict vertical jump performance, quantified as both JH 
and PP, from isometric and isokinetic leg extension mus-
cle actions across the velocity spectrum, as well as growth 
measurements. Therefore, the purposes of this study were (a) 
to examine the relationships among leg extension strength, 
explosive strength, muscle activation, growth, and vertical 
jump performance assessed by estimated JH and PP, and (b) 
explore the contributions of leg extension strength, explosive 
strength, muscle activation, and growth to the prediction of 
estimated JH and measured PP during the SJ, CMJ, and DJs 
in youth athletes.

Methods

Thirty-nine youth athletes (SD age = 12.5 ± 0.6 y, maturity 
offset = − 0.44 ± 0.57 y, height = 156.3 ± 3.93 cm, body 
mass = 52.6 ± 5.24 kg) participated in this study. All par-
ticipants reported participating in one or more sports for 
one to five hours per week during the year prior to this 
study. Sports included baseball, basketball, cheerleading, 

cross-country, football, gymnastics, lacrosse, rugby, soccer, 
softball, speed/power/agility training, swimming/diving, 
tennis, track and field, trap shooting, volleyball, weight-
lifting, and wrestling. The participants and their parent or 
legal guardian completed the PAR-Q + 2015 [35] and were 
allowed to participate if questions 1–7 were answered “no” 
or all of the follow-up questions were answered “no.” The 
present study was approved by the University of Nebraska-
Lincoln Institutional Review Board for the protection of 
human subjects (IRB # 20171017495EP, title: Changes in 
noninvasive, applied physiological laboratory measurements 
and field measurements of athletic performance in children 
and youth: Influences of growth and development). Each 
participant signed the approved assent form if they were 
7–18 years old, while 5- and 6-years old verbally assented 
after being read an age-appropriate assent script. One parent 
or legal guardian signed the approved consent form.

A cross-sectional design was used for this study. Par-
ticipants visited the laboratory twice, once for familiariza-
tion and once for the experimental trial. Anthropometric 
and body composition assessments were performed at 
each trial. During each visit, participants performed in 
random order three static jumps (SJs), counter-movement 
jumps (CMJs), and drop jumps (DJs) of three different 
drop heights: 20, 30, and 40 cm (DJ20, DJ30, and DJ40, 
respectively). Prior to completing these attempts, each par-
ticipant performed a general warm-up consisting of squats 
and lunges, as well as practice attempts of each jump. 
Participants also performed two, 4-s maximal voluntary 
isometric contractions (MVICs) of the right leg extensors 
and three maximal voluntary isokinetic leg extensions at 
60, 120, 180, 240, and 300°/s in random order. Prior to 
the MVICs and maximal isokinetic leg extensions, each 
participant performed 3-s warm-up isometric leg exten-
sion muscle actions at 50% and 75% of perceived effort 
with 30-s rest between each muscle action. Two to 7 days 
after the familiarization trial, participants completed the 
experimental trial. The familiarization trial was performed 
to allow participants to experience and practice interacting 
with the testing equipment and procedures [7]. Only data 
from the experimental trial have been reported herein. Var-
iables calculated during each jump included PP (W) and 
estimated JH (cm). Variables calculated during the MVICs 
included peak torque (PT, N·m), peak rate of torque devel-
opment (RTD, N·m/s), and rate of electromyographic rise 
(RER, μVRMS/s), while variables calculated during each 
isokinetic muscle action included PT, peak rate of velocity 
development (RVD, °/s/s), and RER.

Height (cm), seated height (cm), and body mass (kg) were 
measured using a digital scale and stadiometer (Seca 769, 
Hamburg, Germany). These variables were used to estimate 
maturity offset from peak height velocity using the Mirwald 
equation [22].
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All leg extension muscle actions were completed on a 
calibrated isokinetic dynamometer (Biodex System 3, Bio-
dex Medical Systems, Inc., Shirley, NY, USA) that was cus-
tom fitted with a load cell (Omegadyne, model LCHD-500, 
0–500 s, Stamford, CT, USA) located between the shin pad 
and the lever arm. Recorded force (N) was multiplied by the 
lever arm length (m) to provide torque (N·m). Participants 
were seated with restraining straps over the pelvis, trunk, 
and contralateral thigh. The lateral condyle of the femur was 
aligned with the axis of rotation of the dynamometer head. 
All MVIC measurements were performed at a leg flexion 
angle of 60° below the horizontal plane. Participants were 
instructed to push against the lever arm as hard and fast as 
possible, while strong verbal encouragement was provided. 
Following the MVICs, the range of motion for the isokinetic 
muscle actions was set from 180° to 90°, with 180° repre-
senting full leg extension. Each participant was instructed 
to extend their leg as hard and fast as possible, while strong 
verbal encouragement was provided.

Ground reaction forces during each vertical jump test 
were collected using two force plates (PASCO PS-2142, 
PASCO Scientific, Roseville, CA) seated in a custom plat-
form. To perform the SJ, participants began with their feet 
in the middle of each force plate and their knees and hips 
flexed into a static squat position with a knee angle of 90°, 
using the Original Step (F1005, Marietta, GA) as a guide. 
From this position, participants performed a maximal verti-
cal jump without a counter-movement. To perform the CMJ, 
participants began standing in an upright position with their 
feet in the middle of the force plates and their legs and hips 
extended. Participants then performed a rapid counter-move-
ment of self-selected depth followed by a maximal vertical 
jump. To perform the DJ, the Original Step was used to 
achieve each drop height (20, 30, and 40 cm). Participants 
began by standing on top of the step and were instructed to 
drop off the step, land with their feet in the middle of each 
force plate, and perform a maximal rebound vertical jump 
as fast as they could upon landing. For all jump conditions, 
participants were required to keep their hands on their hips.

During all isometric and isokinetic leg extension 
muscle actions, surface electromyographic signals were 
recorded from the vastus lateralis muscle with pre-ampli-
fied, active electrodes (TSD150B, Biopac Systems, Inc., 
Santa Barbara, CA) with a center-to-center interelectrode 
distance of 20 mm, gain of 330 (nominal), input imped-
ance of 100 MΩ, common mode rejection ratio of 95 dB 
(nominal), and bandwidth of 12–500 Hz. The center of the 
electrode pair was placed at 66% of the distance between 
the anterior superior iliac spine and lateral border of the 
patella [13]. The longitudinal axis of the electrode was 
arranged parallel to the angle of pennation of the muscle 

fibers (20°) [16]. A reference electrode (EL503, Biopac 
Systems Inc., Santa Barbara, CA) was placed over the 
tibial tuberosity. Placement sites for electromyographic 
electrodes were shaved and cleaned with isopropyl alcohol 
prior to application.

During the isometric and isokinetic muscle actions, 
the position (°) and velocity (°/s) signals were sampled 
from the isokinetic dynamometer, while torque (N·m) and 
electromyographic (μV) signals were recorded simulta-
neously at 1 kHz with a Biopac data acquisition system 
(MP150, Biopac Systems, Inc., Santa Barbara, CA). The 
calculations of isometric and isokinetic PT [11, 15], iso-
metric RTD [11], isokinetic RVD [15], and isometric and 
isokinetic RER [14] used in the present study have been 
described in detail previously. Isometric PT and RTD, as 
well as isokinetic RVD were expressed as absolute (N·m, 
N·m/s, and °/s/s respectively) and body mass normalized 
(N·m/kg, N·m/s/kg, and °/s/s/kg respectively) values. Dur-
ing all vertical jumps, the y-axis, vertical ground reaction 
forces were sampled at 1 kHz using PASCO Capstone 
software (PASCO Scientific, Roseville, CA). The raw 
force–time signals were used for all subsequent analyses. 
For the SJ, CMJ, and DJs, descriptions for calculations 
of PP [11] and estimated JH using the flight-time method 
[18] used in the present study have been described in detail 
previously. All signals were stored on a personal computer 
and processed off-line with custom written software (Lab-
VIEW v. 17.0, National Instruments, Austin, TX).

All data were assessed for normality with Shapiro-Wilks 
tests. One-way repeated measures analyses of variance 
(ANOVAs) (MVIC vs. 60°/s vs. 120°/s vs. 180°/s vs. 240°/s 
vs. 300°/s) were used to analyze absolute PT, RVD, and RER 
across leg extension muscle actions, as well as normalized 
PT and RVD across leg extension muscle actions. One-way 
repeated measures ANOVAs (SJ vs. CMJ vs. DJ20 vs. DJ30 
vs. DJ40) were used to analyze PP and estimated JH across 
vertical jump conditions. Pearson product moment correla-
tion coefficients evaluated the relationships among variables 
(Tables 1, 2, and 3). The following qualitative evaluations of 
the strength of association were made according to Mukaka 
[23] based on the absolute values of correlation coefficients: 
0.90–1.00 = very high, 0.70–0.89 = high, 0.50–0.69 = mod-
erate, 0.30–0.49 = low, and 0.00–0.29 = negligible. Sepa-
rate stepwise linear regression models with the following 
variables were entered in accordance with McKinlay et al. 
[21]: absolute PT, absolute RTD/RVD, RER, body mass, 
and maturity offset were conducted to explain the variances 
in vertical jump PP and JH (Tables 2 and 3). All statistical 
analyses were performed in IBM SPSS v. 25 (Chicago, IL, 
USA). An alpha level of P < 0.05 was considered statistically 
significant.  
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Results

All data were normally distributed (P ≥ 0.185). Abso-
lute and normalized PT decreased systematically such 
that MVIC > 60°/s > 120°/s > 180°/s > 240°/s > 300°/s 
(P ≤ 0.018, η2 ≥ 0.218) (Fig. 1a, b). Absolute and normal-
ized RVD increased up to 180°/s to 120°/s (P < 0.001, 
η2 ≥ 0.514, Fig. 1c, d). RER generally increased across 
velocity (P ≤ 0.031, η2 ≥ 0.162) (Fig. 1e).

PP during the vertical jumps increased from SJ to 
CMJ (P < 0.001, η2 = 0.817), with no further increases 
(P ≥ 0.969, η2 ≤ 0.012) (Fig. 2a). JH increased from SJ to 
CMJ (P < 0.001, η2 = 0.213), decreased from CMJ to DJ20 
(P < 0.001, η2 = 0.018), and remained lower than SJ and 
CMJ at DJ30 and DJ40 (P ≤ 0.020, η2 ≥ 0.312) (Fig. 2b).

Pearson product moment correlation coefficients for 
relationships among outcome measures from leg extension 
muscle actions, vertical jumps, and growth are presented 

in Tables 1, 2, and 3. PP from SJ was moderately related 
to PP from all other vertical jump conditions, while PP 
among CMJ, DJ20, DJ30, and DJ40 exhibited high and 
very high relationships with each other (Table 1). JH from 
SJ and CMJ exhibited low to moderate relationships with 
PP from CMJ, DJ20, DJ30, and DJ40, while JH from DJs 
exhibited negligible to low relationships with PP from all 
vertical jump conditions (Table 1). In general, normal-
ized PT was moderately related to PP (Table 1), while 
absolute PT was highly related to PP (Table 2). Normal-
ized RVD exhibited negligible to low relationships with 
PP (Table 1), while absolute RVD and RTD exhibited low 
to moderate relationships with PP (Table 2).

Normalized PT generally exhibited moderate to high 
relationships with estimated JH from all vertical jump con-
ditions (Table 1), while absolute PT exhibited only low 
to moderate relationships with estimated JH (Table 3). 
Normalized and absolute RVD generally exhibited low to 

Fig. 1  Means (± 95% confidence intervals) for a absolute peak torque 
(PT), b normalized PT c absolute rate of torque development (RTD) 
and rate of velocity development (RVD), d normalized RTD and 
RVD, and e rate of electromyographic rise (RER) for isometric and 
isokinetic leg extension muscle actions. For b and c, closed circle 

represents RTD during the MVIC, open circles represent RVD dur-
ing the isokinetic muscle actions. * Indicates systematic decrease 
across velocities (P < 0.05), ¥ greater than isometric muscle action at 
0°/s (P < 0.05), † indicates greater than 60°/s (P < 0.05), ‡ indicates 
greater than 120°/s (P < 0.05)
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moderate relationships with estimated JH (Tables 1 and 3, 
respectively).

The results from the regression models predicting PP 
from all vertical jump conditions are presented in Table 2. 
Only 18% of the variance in SJ PP was predicted with body 
mass from the MVIC, 60°/s, and 120°/s models, while 39% 
of the variance in SJ PP was predicted by RER and body 
mass at 180°/s. However, with the 240°/s and 300°/s models, 
19%–25% of the variance in SJ PP was predicted by isoki-
netic PT. The 54%–70% of the variance in CMJ PP was pre-
dicted by PT, which increased across velocity from MVIC 
(54%) to 240°/s (70%). When predicting DJ PP, 64%–80% 
of the variance was predicted by PT and maturity offset.

The results from the regression models predicting JH 
from all vertical jump conditions are presented in Table 3. 
The 30%–32% of the variance in SJ JH was predicted with 
RER and maturity offset from the MVIC and 60°/s models, 
while only 17% of the variance in SJ JH was predicted with 
RVD alone from the 120°/s model. The 54%–69% of the 
variance in SJ JH was predicted with PT and body mass 
from the 180°/s and 240°/s models, while RVD also con-
tributed to predicting 74% of the variance in SJ JH from 
the 300°/s model. The 22%–32% of the variance in CMJ JH 
was predicted by RER and maturity offset from the MVIC 
and 60°/s models. The 48%–61% of variance in CMJ JH 
was predicted by PT and body mass in the 120°/s, 180°/s, 
and 240°/s models, while RVD also contributed to predict-
ing 72% of the variance in the 300°/s model. No variables 
contributed to predicting DJ20, DJ30, or DJ40 JH from the 
MVIC models, and no variables from the 120°/s or 180°/s 

models contributed to predicting DJ40 JH. RER alone pre-
dicted 13%–24% of the varaince in DJ JH from the 60°/s, 
120°/s, 240°/s, and 300°/s models. PT and body mass pre-
dicted 39%–41% of the variance in DJ JH from the 180°/s 
model.

Discussion

The results of the present study contributed novel and clari-
fying evidence to the body of literature regarding muscle 
function in young, athletic males and females. First, relation-
ships among muscle strength, power, and growth differ when 
vertical jump performance is estimated indirectly with meas-
urements of flight time, rather than direct measurements of 
power from vertical ground reaction forces. For example, 
absolute strength exhibited stronger correlations with PP 
than estimated JH and contributed to 26 out of the 30 regres-
sion models predicting PP (Table 2), compared to 9 out of 
the 30 regression models predicting estimated JH (Table 3). 
Second, regression models predicting PP had greater pre-
dictive indices (r2) than regression models predicting esti-
mated JH. Specifically, 24 out of the 30 models predicting 
PP predicted > 50% of the total variance (Table 2), while 
only 6 out of the 30 models predicting estimated JH pre-
dicted > 50% of the total variance (Table 3). Overall, static 
and dynamic muscle strength, muscle activation, and growth 
better explained PP measured during the vertical jump than 
JH estimated from flight time in the present study.

We are aware of only two previous studies among chil-
dren and adolescents that have quantified the relationships 
between isometric and/or isokinetic leg extension strength 
and vertical jump performance [21, 27]. In adolescent 
females, Rouis et al. [27] reported that PT at 240°/s exhib-
ited a high correlation with JH, while PT at 90°/s, 180°/s, 
and 300°/s exhibited low to moderate relationships with JH 
from the CMJ. In pre-adolescent males, McKinlay et al. [21] 
found that absolute isometric PT exhibited no significant 
relationships with estimated JH from the SJ, CMJ, or DJ, 
while absolute isokinetic PT exhibited a low relationship 
with estimated JH from the CMJ. Similarly, the results of the 
present study showed that absolute isometric PT exhibited 
no relationships with estimated JH, while absolute isokinetic 
PT exhibited low to moderate relationships with estimated 
JH from SJ, CMJ, and all DJs (Table 3). To extend the results 
of previous studies [21, 27], the present study showed that 
measured PP during the SJ exhibited low, but significant, 
relationships with absolute isometric and isokinetic PT, 
while PP during the CMJ and all DJs exhibited high relation-
ships with absolute isometric and isokinetic PT (Table 2). 
Furthermore, absolute PT was included in 26 out of the 30 
regression models predicting PP (Table 2), compared to only 
9 out of the 30 regression models predicting estimated JH 

Fig. 2  Means (± 95% confidence intervals) for a peak power and b 
jump height for the static jump (SJ), counter-movement jump (CMJ), 
and drop jumps of 20, 30, and 40 cm (DJ20, DJ30, and DJ40, respec-
tively). * Indicates greater than the SJ, † indicates lower than the CMJ
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(Table 3). Based on the standardized β coefficients, which 
represent the weight and direction of influence of a variable 
in the models [25], absolute PT was the most influential con-
tributor in 23 out of the 26 models predicting measured PP 
(Table 2), and 6 out of the 9 models predicting estimated JH 
(Table 3). Therefore, the correlations and regression mod-
els in the present study demonstrated that absolute strength 
assessed from isometric and/or isokinetic leg extension mus-
cle actions predicts a relatively large proportion of the vari-
ance in vertical jump power, but not estimated JH.

Several previous studies in adults have demonstrated that 
the relationship between strength and JH improves when 
both isometric and dynamic strength measures are normal-
ized to body mass [17, 24, 33, 36]. In adolescent males and 
females, McKinlay et al. [21] and Rouis et al. [27] found that 
normalized measures of isometric and dynamic leg exten-
sion strength were more related to JH than absolute strength 
measures. Similarly, the results of the present study showed 
that normalizing PT and RTD to body mass increased the 
magnitudes of relationships between strength and esti-
mated JH (Table 1), while simultaneously decreasing the 
magnitudes of relationships between strength and measured 
PP. Furthermore, body mass was included in all 9 of the 
regression models predicting estimated JH (Table 3) and 
none of the 26 regression models predicting measured PP 
(Table 2), all of which included absolute PT. When included 
as a predictor of estimated JH, body mass influenced the 
model in the opposite direction of absolute PT (Table 3). 
That is, based on the standardized β coefficients, absolute 
PT contributed to the models in the positive direction while 
body mass contributed in the negative direction. These find-
ings may be explained by rearranging Newton’s second law 
as [24]: acceleration = force ÷ mass. Increasing force while 
maintaining body mass, decreasing body mass while main-
taining force, or both increasing force and decreasing body 
mass will necessarily increase acceleration and subsequent 
velocity, thereby improving JH [24]. In the present study, the 
correlations between normalized strength, PP, and estimated 
JH, in addition to the simultaneous inclusion of absolute 
PT and body mass as a predictor of estimated JH and not 
measured PP, extends the results of previous findings in chil-
dren and adults [17, 21, 24, 27, 33, 36] that body mass is a 
confounding factor in the relationship between strength and 
JH, but not PP.

Previous studies in children and adolescents have 
reported RTD as a measurement of explosive strength 
during leg extension muscle actions [4, 8, 21, 31]. How-
ever, we are aware of only one study that has examined leg 
extension RTD in relation to estimated JH in youth athletes 
[21]. McKinlay et al. [21] reported negligible relationships 
between absolute and normalized isometric RTD and esti-
mated JH from SJs, CMJs, and DJs. Similarly, in the present 
study, the relationships between normalized or absolute RTD 

and estimated JH were low at best (Tables 1 and 3, respec-
tively). In contrast, absolute RTD exhibited low to moder-
ate relationships with PP (Table 2), while the relationships 
between normalized RTD and PP were negligible (Table 1). 
However, RTD did not contribute to any regression models 
predicting estimated JH or PP (Tables 2 and 3). Furthermore, 
McKinlay et al. [21] suggested that normalized isokinetic 
RTD was more related to estimated JH than absolute isoki-
netic RTD. However, previous studies have suggested that 
RVD, not RTD, should be assessed during isokinetic muscle 
actions [2, 3, 28]. Due to the lack of studies quantifying 
isokinetic RVD in youth, further studies are needed to under-
stand if RVD can provide unique insight regarding muscle 
function during growth and development.

In conclusion, based on the correlations and regression 
models in the present study, absolute strength was more 
related to and predicted a large proportion (19%–80%) of 
the variance in PP (Table 2), but not estimated JH (Table 3). 
Normalized strength was more related to estimated JH than 
measured PP (Table 1), while body mass only contributed 
to the regression models predicting estimated JH (Table 3), 
not PP (Table 2). Therefore, similar to previous studies [17, 
21, 24, 27, 33, 36], body mass confounded the relationships 
between strength and estimated JH in the present study, 
while aboslute strength seems to predict a large propor-
tion of the variance in PP. Furthermore, the total variance 
accounted for when predicting PP (Table 2) was much 
greater than predictions of estimated JH (Table 3). Finally, 
despite the fact that RVD did not contribute anything mean-
ingful to our understanding of growth influences on vertical 
jump performance in the present study, we recommed that 
future studies assess RVD during isokinetic muscle actions, 
rather than RTD, to explore whether unique insight can be 
gained regarding muscle function in youth. Longidutinal 
studies tracking changes in the underlying mechanisms con-
tributing to vertical jump PP will aid in our understanding 
of the natural, biological changes in muscle function across 
growth and development.
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