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Abstract

Background/Objectives: Vertical jump is considered a reliable and valid method of
assessing the level of muscular power and coordination across one’s lifespan. The
main aim of the present study was to establish sex- and age-normative data for verti-
cal jump outcomes in pre-school children. Methods: We recruited 411 boys and girls aged
3—6 years from four major cities in Croatia and Slovenia. Vertical jump was assessed with
two tests: countermovement jump (CM]J) without and with arm swing using a reliable
and valid Optojump measuring platform. Data were presented for the 5th, 15th, 25th,
50th (median), 75th, 90th, and 95th percentile. Results: No significant differences were
observed in multiple vertical jump outcomes between boys and girls. The mean values
for CM] without and with arm swing between boys and girls were as follows: contact
time (1.4 vs. 1.4s/1.8 vs. 1.7 s), flight time (0.32 vs. 0.31 s/0.33 vs. 0.32), height (12.3
vs. 12.2 cm/13.0 vs. 12.5 cm), power (9.4 vs. 9.5 W/kg/9.3 vs. 9.1 W/kg), pace (0.7 vs.
0.7 steps/s/0.6 vs. 0.6 steps/s), reactive strength index (RSL 0.10 vs. 0.09 m/s/0.08 vs.
0.08 m/s), and verticality (2.5 vs. 2.3/1.9 vs. 1.9). A gradual increase in all measures
according to ‘age” was observed (p for trend < 0.05). No significant ‘sex*age’ interaction
was observed (p > 0.05). Conclusions: This is one of the first studies to provide sex- and
age-normative data for complete vertical jump outcomes in pre-school children. These
data will serve as an avenue for monitoring and tracking motor development in this
sensitive period.

Keywords: countermovement jump; motor development; 3-6-year-olds; power; jump
height; sex; age

1. Introduction

The pre-school period represents a crucial time frame for children to develop funda-
mental movements in order to execute and perfect various motor skills [1]. The ability to
perform these movements at an adequate level during the pre-school years may be benefi-
cial for enhancing or at least maintaining these skills during childhood and adolescence [2].
Among pre-school children, some atypical movement patterns may be explained by insuf-
ficient maturation of their motor skills and senso-motoric control [3]. This is particularly
true for locomotor skills [4], as preschool children still lack fully developed neuro-muscular
coordination, lower limb stiffness, joint dynamics, and arm swing characteristics [5].

The most commonly used assessment of the level of muscular power during locomotor
performance is the vertical jump test [6]. It is characterized as a stretch-shortening cycle
movement with the initial lengthening and rapid shortening of a muscle-tendon unit [7].
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The vertical jump test has been widely applied in sports for talent identification [8,9],
neuromuscular readiness, and fatigue [10]. The hierarchical model of motor development
places vertical jump at the base of its pyramidal structure, identifying it as a fundamental
motor pattern upon which more complex motor skills are progressively built throughout
one’s lifespan [11].

To quantify and monitor performance in different populations, either criterion-
referenced cut-points or normative standards are needed. The ability to distinguish between
certain sociodemographic characteristics, like sex and age, may be useful for comparing an
individual child’s performance to those of sex- and age-standardized norms [12]. Also, the
utility of using such approach benefits in terms of assessing whether a child has typical
motor skill development for their age.

Although normative data for vertical jump have been reported in school-going chil-
dren [13-18], only a handful of studies on this topic have been conducted in pre-school
children [6,12,19,20]. The existing literature has shown that the vertical jump height of
6-year-olds is 20.4 cm for boys and 21.9 cm for girls [6], and a study [20] reported mean
jump heights of 11.9 cm and 12.5 cm for 3-6-year-old boys and girls, respectively. Although
one study failed to directly measure vertical jump, normative data for the Test of Gross
Motor Development (TGMD-3) indicated a rapid increase in the sum of the TGMD-3 and
locomotor skill set from 3 to 6 years of age, after which the values plateaued from the age
of 7 to 11 years [12]. In Chinese pre-school children aged 3—5 years, a linear increase in
standing broad jump was observed, irrespective of sex [19]. This implies that pre-school age
is a very sensitive period for vertical jump development, especially for children between
3 and 6 years old. When sex differences are accounted for, it seems that girls outperform
boys in vertical jump height [20], while other studies have found no differences between
them [6].

The discrepancy between studies comes from more intra-subject variability, where pre-
school children still have inconsistent muscle activity patterns, which is mainly observed
in more eccentric muscle contraction during the pushing and landing phase [21]. Naturally,
the ratio between brain and perception ability and neuromuscular development growth
in pre-school children is different, where both brain and movement perception mature
more rapidly, while the connection between neural and muscular systems develops more
gradually [22]. Another possible reason for data inconsistency comes from the different
tests used to determine muscle strength and test equipment used to establish normative
data for vertical jump. Finally, evidence from previous studies highlights that height is the
only parameter of vertical jump that has been evaluated in pre-school children [6,12,20],
yet other important outcomes of vertical jump, like power, the reactive strength index (RSI),
or verticality, have yet to be investigated.

Therefore, the main aim of the present study was to examine the jumping characteris-
tics of 3-6-year-old boys and girls and to establish sex- and age-specific normative data
for jump-related outcomes. Based on previous findings on age [12,19,20] and sex [6], we
hypothesized that all jump parameters would increase with age and no differences between
boys and girls would be observed.

2. Materials and Methods
2.1. Study Participants

A convenient sample of 411 pre-school boys and girls aged 3-6 years from the
four European cities of Rijeka (Croatia), Zagreb (Croatia), Ljubljana (Slovenia), and
Koper (Slovenia) were recruited in this observational, cross-sectional study: mean
(SD) [ age =4.9 (1.1) years, height = 111.2 (9.3) cm, weight = 20.0 (4.2) kg, 53.5% girls]. The
inclusion criteria involved children aged 3-6 years with typical development, without any
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locomotor or mental disorders or diseases, and who were enrolled in day care. Before
entering this study, parents or guardians were informed on the main aims and hypotheses
of this study, the dissemination of the findings, and potential benefits for their children.
Each child’s parents/guardians provided informed consent before data collection. As
this research involved human subjects, it was conducted in compliance with all relevant
national regulations and institutional policies, in accordance with the tenets of the Helsinki
Declaration [23], and with approval from the Faculty of Teacher Education, University
of Rijeka.

2.2. Data Analysis

Before analyses, we tested each parameter for data normality using the Kolmogorov—
Smirnov (K-S) test. For normally distributed variables, the data were presented as the
mean and standard deviation (SD), while the median and interquartile range (IQR) were
calculated for data that failed to follow a normal distribution. The main effects for ‘sex” (boys
vs. girls), ‘age’ (3 to 6 years), and the interaction term of ‘sex*age’ were examined using a
two-factor analysis of variance (ANOVA) or Kruskal-Wallis H-test with a Bonferroni post
hoc comparison analysis between each group. Between-group differences were calculated
using Student’s t-test or the Mann-Whitney Z-test for independent samples. For each
variable, we determined sex- and age-specific percentile values (5th, 15th, 25th, 50th, 75th,
90th, and 95th). Correlation coefficients between age and jumping outcomes were examined
using Pearson’s model. All analyses were performed with the Statistical Packages for Social
Sciences version 24 (SPSS Inc., Chicago, IL, USA), and significance was set at o« < 0.05.

2.3. Jumping Performance

The vertical jump test was evaluated using the Optojump photocell system (Microgate,
Bolzano, Italy), a reliable and valid infrared platform that consists of two parallel bars
(receiver and transmitter units) [24]. Each bar was placed 1 m apart in a parallel position
and was connected to a personal computer equipped with software to quantify jump
height [24]. When a person jumps, their feet interrupt the infrared beam between the
two parallel bars, triggering the sensors to start recording the flight time at a rate of
1000 Hz. The flight time of vertical jumps was measured with an accuracy of 1/1000 s, and
the estimated jump height was calculated using the following formula: 9.81 x flight time
2/8 [25]. To determine jumping outcomes, we selected two tests: countermovement jump
(CMJ) without arm swing and CM]J with arm swing [24]. From a kinematic perspective,
children were instructed to start both tests from the standing position with their trunk and
knees fully extended and their feet set shoulder-width apart, after which they executed
a fast downward movement with approximately 90° knee flexion and a fast upward
movement to jump as high as possible while keeping their hands on their hips throughout
the whole movement (CM] without arm swing) or while swinging their arms back during
the downward movement and forward during the upright movement (CM] with arm
swing) [26]. Each test was performed 5 times with a 5 min rest period between each trial.
CM] tests have been extensively used to assess vertical performance and power output, and
their reliability, validity, and utility properties have been confirmed in children [26]. The
Optojump software (Microgate S.r.1., version 1.13.24.0, 2009-2023) automatically generated
data regarding contact time (s), flight time (s), jump height (cm), power (W/kg), pace
(steps/s), and verticality [27] apart from the RSI, which was calculated by dividing jump
height by ground contact time. The sequence of photographs in Figure 1 illustrates the
phases of performing a countermovement jump with and without arm swing.
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Figure 1. CMJ without arm swing and CMJ with arm swing.

3. Results

Basic descriptive statistics of the study participants are presented in Table 1.

Table 1. Characteristics of study participants, according to sex, with data presented as mean (SD) or
median (IQR).

Study Variables Total (N = 405) Boys (N =186) Girls (N =219) p-Value
Age (years) 49 (1.1) 49 (1.1) 4.8(1.1) 0.683
Height (cm) 111.2 (9.3) 111.8 (9.5) 110.8 (9.2) 0.309
Weight (kg) 20.0 (4.2) 20.3 (4.2) 19.7 (4.2) 0.209

BMI (kg/m?) 15.8 (1.5) 159 (1.4) 15.8 (1.6) 0.385
CM]J without arm swing
Contact time (s) 1.38 (0.99) 1.41 (0.96) 1.36 (1.01) 0.599
Flight time (s) 0.30 (0.05) 0.30 (0.05) 0.30 (0.05) 0.988
Height (cm) 11.3 (3.7) 11.3 (3.8) 11.2 (3.6) 0.890
Power (W/kg) 9.5 (3.3) 9.4 (3.2) 9.5(3.5) 0.837
Pace (steps/s) 0.69 (0.53-1.11) 0.74 (0.52-1.30) 0.67 (0.53-1.02) 0.231
RSI (m/s) 0.09 (0.06-0.18) 0.10 (0.05-0.19) 0.09 (0.06-0.17) 0.767
Verticality 2.38 (1.29-4.58) 2.50 (1.27-5.01) 2.29 (1.28-4.13) 0.465
CM] with arm swing
Contact time (s) 1.69 (1.04) 1.75 (1.19) 1.64 (0.88) 0.313
Flight time (s) 0.32 (0.07) 0.32 (0.05) 0.31 (0.06) 0.245
Height (cm) 12.8 (4.4) 13.0 (4.3) 12.6 (4.4) 0.288
Power (W/kg) 9.2(2.7) 9.3(2.8) 9.1(2.7) 0.563
Pace (steps/s) 0.60 (0.47-0.82) 0.58 (0.44-0.80) 0.60 (0.48-0.82) 0.161
RSI (m/s) 0.08 (0.05-0.12) 0.08 (0.05-0.12) 0.08 (0.05-0.11) 0.736
Verticality 1.85 (0.94-3.78) 1.85 (0.97-3.81) 1.85 (0.88-3.70) 0.492

Abbreviations: BMI (body mass index), RSI (reactive strength index); p < 0.05.

Table 2 shows sex- and age-specific data for CM] outcomes without and with arm
swing. When observing differences between boys and girls, no significant main effect for
‘sex’ was observed, indicating that sex had no role in CMJ performance without arm swing
(p > 0.05). Interestingly, age-related differences showed a significant main effect for ‘age’,
where for all outcomes for CMJ without arm swing, older boys and girls exhibited higher
values (except for contact time, where an inverse trend was observed), compared to younger
counterparts (p < 0.05). Main effects for ‘sex*age’ did not reveal significance, indicating
that the interaction between boys and girls in the same age category exhibited similar CMJ
values without arm swing (p > 0.05). Also, for CMJ with arm swing, no significant main
effect for ‘sex” was observed (p > 0.05). Similarly to CMJ without arm swing, ‘age’ was a
significant contributor to jumping outcomes for CM] with arm swing, where older boys
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and girls performed better (except for contact time, when an inverse trend was observed)
than their younger counterparts (p < 0.05). Finally, the interaction of ‘sex*age’” was not
significant, with patterns of change similar to those of CM] without arm swing (p > 0.05).

Table 2. Sex- and age-specific jumping performance for CMJ without and with arm swing, with data
presented as mean (SD) or median (IQR).

Sex Age (years) ;1111:;1(2‘; TIi:rlriiI:ts) H(ecﬁ?t (I";Xr(egr) (Sf:;:/s) (1;351) Verticality
CM] without arm swing
3 (N = 43) 19(1.2)  026(0.04) 85(2.9) 69(20)  05(04-0.7) 0.05(0.03-0.06) 1.6(1.0-3.9)
4 (N =62) 14(09) 029005 103(3.3)  93(32)  09(05-1.3) 0.10(0.06-0.19) 2.5 (1.1-4.6)
Boys 5(N = 42) 13(1.0) 031(0.04) 123(32) 10025  08(0.6-14) 0.10(0.07-0.20) 3.0 (1.5-6.3)
6 (N = 39) 11(0.7) 034(0.03) 146(28) 11629  1.0(0.6-1.8) 0.17(0.10-0.23) 2.9 (1.4-5.7)
Total N =186)  1.4(1.0) 030(0.05) 113(38)  94(3.1)  07(05-1.3) 0.10(0.05-0.19) 2.5 (1.3-5.0)
3(N=62) 1.6(1.0) 026(0.05) 83(3.1) 7.5(24) 0.6 (0.5-1.0) 0.06 (0.03-0.11) 2.4 (1.5-3.5)
4 (N =61) 14(0.7) 030004 11.1(26) 9127  07(0.6-09) 0.09 (0.06-0.10) 1.9 (1.1-2.9)
Girls 5 (N = 55) 12(0.7)  032(0.04) 126(.0) 102(29)  0.7(0.6-1.0) 0.09 (0.07-0.21) 2.4 (1.6-4.4)
6 (N =41) 11(1.6) 034(0.04) 139(3.1) 12045  09(0.6-1.5) 0.17(0.09-0.33) 3.4 (1.6-4.9)
Total (N=219)  14(1.0) 030(0.05) 112(3.6)  95(3.5)  0.7(05-1.0) 0.09 (0.06-0.17) 2.3 (1.3-4.1)
CM] with arm swing
3 (N =43) 21(14)  027(0.04) 9.3(28) 73(2.8)  0.6(04-0.7) 0.04(0.02-0.07) 1.5 (0.8-2.5)
4 (N =62) 17(1.0) 032(008) 120(34)  87(23)  0.6(05-08) 0.07(0.05-0.10) 1.6 (0.8-3.6)
Boys 5 (N = 42) 17(1.6) 034004 14832  103(23) 0.6(0509) 0.10(0.07-0.13) 2.0 (1.4-3.8)
6 (N =39) 15(0.8) 036(0.05) 16.2(4.1) 11.0(25) 0.6(04-09) 0.11(0.08-0.16) 2.7 (1.5-7.6)
Total (N=186)  1.8(1.1) 033(0.12) 13.0(43)  93(28)  0.6(04-0.8) 0.08(0.05-0.12) 1.9 (1.0-3.8)
3(N=62) 20(12) 026(0.06) 89 (3.4) 71(20)  0.6(0.4-08) 0.05(0.03-0.07) 1.4 (0.7-2.4)
4 (N =61) 17(0.8) 031(0.04) 11.8(29)  87(21)  0.6(05-09) 0.7 (0.05-0.10) 2.0 (1.0-4.8)
Girls 5 (N = 55) 15(09) 034(0.04) 143(33) 102(26) 0.6(0.5-0.8) 0.10(0.08-0.13) 1.8 (0.9-3.1)
6 (N = 41) 14(0.7) 037004 16641 11421 0.6(05-08) 0.12(0.09-0.16) 2.4 (1.7-5.6)
Total N=219)  17(0.9) 031(0.06) 125(44)  91(27)  06(05-0.8) 0.08(0.05-0.11) 1.9 (0.9-3.7)
Abbreviations: RSI (reactive strength index); p < 0.05.
Tables 3 and 4 exhibit percentile normative data for outcomes related to CM] without
and with arm swing, according to sex and age.
Table 3. Normative data for CMJ without arm swing, according to sex and age.
Measure Sex Age (years) P5 P15 P25 P50 (M) P75 P90 P95
3 (N =43) 0.72 1.10 1.27 1.62 2.35 3.09 4.20
Contact time (s) Boys 4 (N =62) 0.30 0.59 0.72 1.20 1.85 2.54 3.15
5(N =42) 0.32 0.46 0.53 1.15 1.53 3.06 3.84
6 (N =39) 0.27 0.46 0.61 0.92 1.39 2.32 2.73
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Table 3. Cont.
Measure Sex Age (years) P5 P15 P25 P50 (M) P75 P90 P95
3(N=62) 0.35 0.81 0.94 1.35 2.03 2.64 3.26
Contact time (s) Girls 4 (N =61) 0.41 0.64 0.94 1.32 1.56 2.16 3.33
5(N=55) 0.32 0.52 0.73 1.16 1.52 212 2.58
6 (N =41) 0.28 0.35 0.40 0.79 1.35 1.69 2.92
3 (N =43) 0.18 0.20 0.23 0.26 0.30 0.32 0.33
Boys 4 (N =62) 0.19 0.24 0.26 0.29 0.32 0.34 0.37
5(N =42) 0.24 0.26 0.29 0.32 0.35 0.37 0.38
Flight time (s) 6 (N =39) 0.29 0.32 0.32 0.34 0.36 0.39 0.43
3(N=62) 0.18 0.20 0.22 0.26 0.30 0.33 0.34
Girls 4 (N =61) 0.24 0.27 0.28 0.29 0.32 0.35 0.36
5 (N =55) 0.26 0.28 0.29 0.32 0.34 0.37 0.39
6 (N =41) 0.26 0.30 0.31 0.35 0.37 0.38 0.40
3 (N =43) 4.06 4.95 6.60 8.05 10.93 12.61 13.23
Boys 4 (N =62) 4.24 7.13 8.25 10.20 12.30 14.42 16.77
5(N =42) 6.78 8.65 10.05 12.60 14.68 16.65 17.88
Height (cm) 6 (N =39) 10.34 12.20 12.83 14.35 15.48 18.44 22.31
3(N=62) 3.82 5.00 5.95 8.00 10.65 13.25 13.89
Girls 4 (N =61) 7.10 8.80 9.50 10.50 12.60 14.90 15.60
5 (N =55) 8.15 9.85 10.38 12.20 13.90 17.05 18.53
6 (N =41) 8.48 11.02 11.60 14.70 16.35 18.02 19.33
3 (N =43) 422 471 5.40 6.70 8.56 9.43 10.03
Boys 4 (N =62) 4.88 6.21 7.33 8.85 10.95 13.92 16.10
5(N =42) 7.14 7.59 8.17 9.50 11.25 13.83 15.60
Power (W /kg) 6 (N =39) 7.54 9.07 9.92 11.62 12.62 16.07 17.57
3(N=62) 4.02 5.03 5.87 7.30 9.06 10.73 12.88
Girls 4 (N =61) 5.59 7.14 7.69 8.55 10.16 11.87 13.27
5(N=55) 6.45 7.51 8.29 9.66 11.31 14.50 17.64
6 (N =41) 6.14 8.38 9.21 11.29 14.72 19.72 21.16
3 (N =43) 0.29 0.34 0.40 0.54 0.68 1.67 2.67
Boys 4 (N =62) 0.31 0.47 0.53 0.87 1.29 1.93 2.26
5(N =42) 0.25 0.50 0.59 0.80 1.42 2.30 3.24
Pace (steps/s) 6 (N =39) 0.35 0.56 0.62 0.97 1.80 2.40 4.76
3(N=62) 0.29 0.41 0.48 0.64 0.99 1.93 2.22
Girls 4 (N =61) 0.38 0.49 0.55 0.65 0.88 1.57 1.98
5 (N =55) 0.36 0.47 0.56 0.70 1.01 1.52 1.74
6 (N =41) 0.32 0.52 0.58 0.87 1.45 1.72 1.80
3 (N =43) 0.01 0.02 0.03 0.05 0.06 0.13 0.20
RSI (m/s) Boys 4 (N =62) 0.02 0.04 0.06 0.10 0.19 0.36 0.47
5(N =42) 0.03 0.06 0.07 0.10 0.20 0.29 0.38
6 (N =39) 0.04 0.08 0.10 0.17 0.23 0.45 0.51
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Table 3. Cont.

Measure Sex Age (years) P5 P15 P25 P50 (M) P75 P90 P95
3(N=62) 0.02 0.02 0.03 0.06 0.11 0.24 0.31

RSI (m/s) Girls 4 (N =61) 0.03 0.05 0.06 0.09 0.10 0.27 0.32
5 (N =55) 0.04 0.06 0.07 0.09 0.21 0.31 0.49

6 (N =41) 0.04 0.07 0.09 0.17 0.33 0.60 0.65

3 (N =43) 0.24 0.56 1.04 1.63 3.88 8.65 19.28

Boys 4 (N =62) 0.34 0.82 1.13 2.51 4.64 10.38 15.57
5 (N =42) 0.76 1.35 147 3.02 6.33 10.61 13.17

Verticality 6 (N =39) 0.82 1.16 1.41 2.86 5.74 11.94 23.32
3(N=62) 0.54 0.89 151 241 4.49 7.59 8.48

Girls 4 (N =61) 0.62 0.83 1.09 1.92 2.90 7.19 20.13

5 (N =55) 0.68 1.12 1.56 2.35 4.40 6.93 7.81

6 (N =41) 0.88 1.10 1.62 3.38 4.89 16.37 32.88

Table 4. Normative data for CMJ with arm swing, according to sex and age.

Measure Sex Age (years) P5 P15 P25 P50 (M) P75 P90 P95
3 (N =43) 0.72 1.17 1.38 1.63 242 3.45 6.35

Boys 4 (N =62) 0.66 0.92 1.09 1.53 2.11 292 3.75

5(N =42) 0.71 0.82 0.98 141 1.97 2.75 2.92

Contact time (5) 6 (N =39) 0.40 0.79 1.00 1.33 1.95 2.68 2.94
3(N=62) 0.71 0.98 1.17 1.70 242 3.37 3.72

Girls 4 (N =61) 0.65 1.03 1.23 153 1.95 3.01 3.19

5 (N =55) 0.60 0.92 1.08 131 1.66 1.95 231

6 (N =41) 0.42 0.77 0.90 1.29 1.61 2.35 3.33

3 (N =43) 0.21 0.22 0.24 0.27 0.31 0.33 0.33

Boys 4 (N =62) 0.21 0.26 0.28 0.32 0.34 0.36 0.39

5 (N =42) 0.27 0.31 0.32 0.35 0.37 0.40 0.41

Flight time (s) 6 (N =39) 0.30 0.31 0.32 0.36 0.39 0.42 0.44
3(N=62) 0.19 0.20 0.23 0.27 0.29 0.34 0.35

Girls 4 (N =61) 0.24 0.27 0.28 0.30 0.34 0.36 0.37

5 (N =55) 0.26 0.30 0.31 0.34 0.37 0.39 0.41

6 (N =41) 0.29 0.31 0.33 0.37 0.39 0.43 0.45
3 (N =43) 5.21 6.04 6.98 8.80 11.55 13.20 13.50
Boys 4 (N =62) 5.54 8.42 9.50 12.20 13.90 16.09 18.80
5(N =42) 8.68 11.60 12.75 14.75 16.68 19.65 20.35
Height (cm) 6 (N =39) 10.81 11.95 12.65 15.65 18.88 21.55 23.52
3(N=62) 4.30 5.13 6.60 8.70 10.68 14.25 14.80
Girls 4 (N =61) 7.10 9.00 9.80 11.20 13.90 16.20 17.00
5 (N =55) 7.95 11.00 12.00 13.85 16.63 18.85 20.60
6 (N =41) 10.25 11.99 13.70 16.60 18.85 22.38 25.16
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Measure Sex Age (years) P5 P15 P25 P50 (M) P75 P90 P95
3 (N =43) 417 4.64 5.50 7.03 8.37 9.46 12.04

Boys 4 (N=62) 5.93 6.74 7.22 8.70 9.88 10.76 13.74

5(N =42) 7.51 8.27 8.80 9.93 11.14 13.37 16.49

Power (W/kg) 6 (N =39) 8.02 8.41 8.88 10.87 12.03 13.96 16.66
3(N=62) 4.28 5.09 6.04 7.12 8.32 9.69 10.89

Girls 4 (N =61) 5.91 7.03 7.46 8.44 9.61 10.77 14.10

5 (N =55) 7.11 8.15 8.67 9.73 11.02 12.38 16.12
6 (N =41) 8.45 9.69 9.99 10.78 12.56 14.14 16.77

3 (N =43) 0.15 0.31 0.40 0.58 0.71 1.29 2.01

Boys 4 (N =62) 0.26 0.38 0.46 0.58 0.77 1.23 2.59

5 (N =42) 0.30 0.33 0.46 0.59 0.92 1.23 2.68

Pace (steps/s) 6 (N =39) 0.31 0.38 0.44 0.60 0.87 1.35 2.13
3(N=62) 0.26 0.34 0.40 0.57 0.79 1.13 1.75

Girls 4 (N=61) 0.29 0.45 0.46 0.60 0.87 2.49 3.01

5(N=55) 0.38 0.48 0.53 0.64 0.79 2.55 3.28

6 (N =41) 0.27 0.42 0.52 0.61 0.84 1.29 2.45

3 (N=43) 0.01 0.02 0.02 0.04 0.07 0.10 0.25

Boys 4 (N =62) 0.03 0.04 0.05 0.07 0.10 0.14 0.22

5(N =42) 0.04 0.06 0.07 0.10 0.13 0.26 0.40

RSI (m/s) 6 (N =39) 0.05 0.07 0.08 0.11 0.16 0.22 0.40
3(N=62) 0.01 0.02 0.03 0.05 0.07 0.13 0.17

Girls 4 (N =61) 0.03 0.04 0.05 0.07 0.10 0.18 0.30

5 (N =55) 0.05 0.07 0.08 0.10 0.13 0.22 0.35

6 (N =41) 0.06 0.07 0.09 0.12 0.16 0.26 0.40

3 (N =43) 0.27 0.71 0.81 1.46 2.49 4.74 10.23
Boys 4 (N =62) 0.44 0.69 0.81 1.55 3.62 8.85 13.67

5(N =42) 0.59 0.92 1.38 1.97 3.84 12.90 19.33

Verticality 6 (N =39) 0.64 1.29 1.48 2.73 7.60 19.32 30.03
3(N=62) 0.31 0.54 0.65 1.43 2.38 5.23 20.90

Girls 4 (N =61) 0.51 0.70 0.97 2.00 4.80 13.04 26.28

5 (N =55) 0.40 0.65 0.88 1.76 3.13 7.60 13.34

6 (N =41) 0.76 1.24 1.69 2.39 5.62 24.64 34.84

4. Discussion

The main aim of the present study was to determine normative data for two jumping

tests in 3—6-year-old pre-school children. Our findings suggest that there are no differences

in CMJ outcomes without and with arm swing between boys and girls, regardless of age,

and boys and girls in the same age category perform equally well. However, older boys and

girls (observed as a group) scored better jumping parameters on both CM]J tests, compared

to their younger peers.

Boys and girls exhibited similar jumping patterns with no obvious differences de-

tectedbetween; this is in line with previous studies on pre-school and early-school chil-

dren [6,28,29]. At these ages, both boys and girls experience similar hormonal patterns



Biomechanics 2025, 5, 56

90f13

of change, where testosterone levels are still too low to produce sex-related strength
changes [30]. Isokinetic knee flexion and extension peak torques and vertical jump height
revealed no sex differences in 6-year-old children [6]. Similar findings were reported in
a study that found no sex differences in peak torques from knee extension and flexion
movements [28]. However, other studies have found pre-school boys to outperform girls
in standing broad jump [19], which contradicts our findings. The use of different muscle
strength and power tests has been proposed for pre-school children, including a single-joint
(isokinetic knee flexion and extension) or multi-joint (CM]J, standing broad jump, Abal-
akov or Sargent jump test, or leg press) movements compatible with the neuromuscular
development of children during this sensitive period [31]. Despite many alternatives for
accessing the explosive muscle power of lower limbs, there is still no clear consensus on
appropriate tests for assessing physical performance in pre-school children. Even though
effort has been made to investigate the reliability and feasibility properties of physical
fitness tests [2,32], standing broad jump has been constantly incorporated as a reliable and
valid method to assess musculoskeletal fitness, while no evidence for vertical jump has
been provided. This is important because the type of test indicates different effect sizes
between boys and girls, where the vertical jump result yields no sex differences [6,28],
while some studies have reported better outcomes in boys than girls using standing broad
jump as a proxy of muscle power [19]. Vertical jump is considered a multi-component
action that requires a substantial amount of muscle effort, particularly from ankle, knee,
and hip joints. Interestingly, vertical jump was not previously correlated with single-joint
movement tests [6], indicating that it should be tested individually from other measures of
muscular power. Opposed to vertical jump, evidence suggests that standing broad jump
should not be considered an indicator of muscle power in young children, because of their
low skill proficiency to extend their arms forward and upward during the take-off phase
and downward while landing [33]. Nevertheless, further research is needed to confirm sex
differences using a variety of vertical jump outcomes in pre-school children.

This study found that age played a significant role in all vertical jump parameters,
which supports previous findings [6,12,19]. In general, an increase in vertical jump height
according to age is expected, due to the increase in lower-limb muscle force and more
efficient coordination between ankle, knee, and hip joints [34]. Age was positively and
moderately correlated with maximum height, flight time, landing, and maximum concentric
forces for CM] with arm swing, while low correlations were presented for CM] without
arm swing [35]. In this study, we found that age correlated strongly with flight time
(r =0.58-0.63), jump height (r = 0.58-0.63), and power (r = 0.47-0.56) for both CMJ with and
without arm swing. From a biomechanical perspective, older children tend to move faster
and have more joint motions during the take-off and landing phases, generating greater
forces [35]. During the first part of the vertical jump movement, the knee and hip need
to work simultaneously to promote take-off, while the landing phase of the movement
initiates the interplay between knee and ankle for stable foot positioning on the ground [21].
Also, increases in jump height and power in older pre-schoolers results from more effective
hip use, higher angular velocity in the take-off phase, and higher ankle range of motion in
the landing phase [21]. From a practical point of view, the existing literature highlights the
importance of the ‘golden age’ of motor skill development being between the ages of 3 and
6 years [36]. More specifically, there is a rapid increase in locomotor and posture control
skills in the first six years of childhood, during which a child needs to learn and practice
fundamental motor skills, before plateauing around the age of 8 [37].

International research recommends the use of quintile classification as a standard
framework for categorizing general physical fitness [38—41]. Accordingly, individuals are
considered to have a very low level of physical fitness below the 20th percentile (p20);



Biomechanics 2025, 5, 56

10 of 13

low, from p20 to p40; moderate, from p40 to p60; high, from p60 to p80; and good or
very high, above p80 [38,39]. Conversely, some studies indicate that values below the 15th
percentile (p15) serve as markers of low physical fitness, requiring timely identification and
intervention. Results within the range of p15 to p80 are deemed adequate, whereas values
above p85 are interpreted as indicators of a high level of physical fitness [40-42]. The cutoff
points applied in this study align with those proposed by authors in previous research
(<p15, p15 to p85, and >p85). Children scoring above the >p85 threshold may be considered
talented, especially for sports where the assessed ability is relevant, while children below
p15 should be more intensively engaged in various types of physical activity.

Finally, we failed to confirm a ‘sex*age’ interaction, that is, boys and girls in the same
age groups exhibited similar values in vertical jumping outcomes. This is not surprising
given that we observed no significant sex differences and similar age-related increases in
vertical jump parameters. In both sexes, it has been suggested that pre-school children
have reduced efficiency during tasks involving the stretch-shortening cycle and lower
pre-activation muscle properties [43], limiting their ability to release muscle elastic energy
and force transmission [44]. As expected, annual changes dictate similar increases in boys
and girls by age, where a critical time period for vertical jump development spurts between
ages 3 and 6 [36]. Nevertheless, our findings are in line with previous studies [6,28,29],
where ‘age’ has a large effect on vertical jump changes, while similar observations for
pre-school boys and girls are presented. This was confirmed in a longitudinal study where
year-to-year progress in vertical jump height was between 10 and 30% in both sexes [29].
However, the same group of authors also showed no significant ‘sex*age” interaction [29],
reasoning that boys develop a lower rate of force than girls but can produce more force
over a longer period of time at a certain age.

The learning and training of vertical jumping significantly contributes to growth, mus-
cle development, and motor learning [45]. Instead of focusing on the effects of interventions,
this study emphasizes the quantification of normative data, which is a logical precursor to
intervention models. Establishing normative values is a fundamental prerequisite for any
further biomechanical analysis, longitudinal monitoring, or diagnostic interpretation, and
such reference values are currently lacking in practice.

Although an effort was made to establish normative data for CM] outcomes in pre-
school boys and girls aged 3—6 years, this study is not without limitations. A follow-up
design should better examine the natural trend in vertical jump, where an observer could
monitor and track ‘true” annual changes, rather than follow a cross-sectional design. In line
with this, we were unable to conclude a causal relationship between the main effects of
‘sex’, ‘age’, and their interaction. However, we obtained similar results, and we speculate
that a longitudinal analysis would yield slightly different normative values [29]. Second,
we based our data on a relatively small sample size (n = 411) divided into four age and two
sex categories, which might have led to a lower statistical power. Third, we were unable
to collect further data on children’s physical fitness performance or other health-related
behaviors, which could serve as potential moderators. Fourth, the sample size for this study
was derived from urban areas, where it is expected that children may have more access to
playgrounds and other recreational environments, potentially leading to higher physical
performance, as opposed to rural kindergarten children. Also, parents of children in urban
areas may have higher socioeconomic status, which is important for a variety of extra-
curricular and free-time physical activities, including organized sports. Although an effort
has been made to create normative data for jumping outcomes in kindergarten children,
the data may not be generalizable to children from other socioeconomic backgrounds or
ethnic groups, so the findings should be interpreted with caution. Thus, future studies
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should be taking these limitations into account when creating normative data for vertical
jump performance in pre-school children.

5. Conclusions

In summary, the findings of this study show that boys and girls achieve equal values
in multiple vertical jump outcomes and that older boys and girls perform better than their
younger counterparts. We also observed that boys and girls in the same age categories
produced the same effort in all measured tests. Therefore, the effect of ‘age” compared to
‘sex’ is considered the better cross-sectional evaluation predictor of vertical jump parameters
in pre-school children.

For a deeper understanding of the relationship between age, sex, and vertical jump
performance, future research should employ longitudinal designs with larger and more
diverse samples. Such studies would allow for more precise tracking of annual changes
and the inclusion of additional variables, such as physical activity levels, physical fitness,
and health-related behaviors as potential moderators.

The normative data obtained represent a valuable tool for monitoring and assessing
motor development in pre-school-aged children. Professionals, including educators, kine-
siologists, and other specialists, can use these data to identify deviations in motor skills
and to plan and implement targeted developmental programs. The application of this
information enables timely intervention and support during the critical period of motor
and overall development in children.
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