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Introduction: Physical fitness is an adaptive state that varies with an individual’s growth
and maturity status. Considering that the difference in skeletal maturity already existed
among preschool children, this study was designed to determine the influence of skeletal
age and chronological age on preschoolers’ physical fitness performance.

Methods: This cross-sectional study was conducted in 945 healthy preschoolers (509
males, 436 females) aged between 3.0 and 6.0 years in Shanghai, China. We used the
method of TW3-C RUS to determine skeletal age. Chronological age was measured by
subtracting the date of birth from the test date. Sit and reach, 2 x 10 m shuttle run test,
standing long jump, tennis ball throw, 5m jump on both feet, and balance beam walk
were considered for physical fitness performance. Correlation coefficients and partial
correlations adjusting height and weight were used to determine the relationships among
the variables of skeletal age/ relative skeletal age, chronological age/relative chronological
age, and physical fitness items.

Results: Skill-related physical fitness was weakly to moderately associated with skeletal
age (the absolute value of r: 0.225-0.508, p < 0.01) and was moderately to strongly
associated with chronological age (the absolute value of r; 0.405-0.659, p < 0.01).
Health-related physical fitness items (BMI and sit and reach) showed a fairly weak to
no correlation with skeletal age and chronological age. After adjusting the height and
weight, an extremely weak to no correlation was observed between skeletal age and both
health- and skill-related physical fitness, and weak-moderate correlations were noted
between chronological age and skill-related physical fitness (the absolute value of r:
0.220-0.419, p < 0.01). In children in Grade 1, skill-related physical fitness (except for
balance beam walk) showed a weak to moderate correlation with relative chronological
age (the absolute value of r: 0.227-0.464, p < 0.05).

Conclusion: (1) both skeletal age and chronological age are associated with skill-related
rather than health-related physical fitness performance, and after adjusting height and
weight, chronological age, rather than skeletal age, is associated with skill-related
physical fithess performance; (2) for preschool children, skill-related physical fitness
performance is influenced by relative chronological age rather than individual differences
in skeletal maturation, especially in the lower grades.
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INTRODUCTION

Physical fitness refers to the ability of the body systems
to work effectively in harmony to enjoy leisure time, stay
healthy, and cope with emergencies (1). Monitoring of physical
fitness in children should receive considerable critical attention
because it has previously been observed that physical fitness
is not only positively associated with academic achievement
and cognitive functions (2-4) but also is a potent health
marker of cardiovascular, metabolic, and skeletal health (5)
in childhood and adolescence. Further, a longitudinal study
showed a moderate to a highly significant correlation between
health-related physical fitness components in childhood and
those in adulthood (6). With the growing public health concern
worldwide, there is an overall declining trend of physical fitness
among children (7). Hence, the improvement and maintenance
of physical fitness have become the main challenges for
many researchers.

Physical fitness is an adaptive state relevant to the individual’s
growth and maturity status, lifestyle, and environmental factors
(1, 8). The preschool age is a critical period for dramatic
physiological changes, neuromuscular development, and the
acquisition of fundamental motor skills (8). Thus, the influencing
factors of physical performance in early childhood are more
complicated. Several attempts have been made to examine the
effects of lifestyle (i.e., physical activity, nutrition intake, and
sedentary behaviors) (9, 10) and environment (i.e., kindergarten,
family, and community) (11, 12) on preschooler’s physical fitness
performance. Growth and maturity are suggested to be the most
important factors influencing young children’s physical fitness
(8); however, there is much less evidence on this.

An individual’s growth and maturity are usually determined
by chronological age and biological age. The chronological age
is easily determined by the date of birth, and it has been used as
the age category in the physical fitness standards worldwide. As
mentioned in extensive research, chronological age significantly
influences physical fitness in preschool children (13, 14). In
recent years, there has similarly been an increasing interest in
the impact of relative chronological age (the difference in birth
month) on the physical performance of preschool children of
the same grade (15). The biological age is usually expressed by
the skeletal age, which reflects the actual physical growth and
maturity status. Previous studies on adolescents have reported
that the skeletal maturation status significantly affects their
physical performance (16-18), and maturity-age should be used
during the selection and competition of young athletes (19, 20).
Relevant studies on preschool children are extremely limited, and
there is only one study conducted among children aged 3-6 years
demonstrating that skeletal maturation has a relatively minimal
effect on fundamental motor skills and motor performance
(21). However, as shown in our previous study, the difference
in skeletal age at the same chronological age is as high as
2.0 years (22). This could result in a significant difference in
height and weight (23) that might steeply influence physical
fitness performance. However, there are no published data on
the association between skeletal age and physical fitness among
preschool children, especially after adjusting height and weight.

Therefore, a cross-sectional study was designed among a
cohort of Chinese preschool children to determine the influence
of skeletal age and chronological age on their physical fitness
performance. This research could contribute to providing some
evidence on the importance of the effect of skeletal age and
chronological age on the physical fitness of preschool children,
which might be useful for physical education practitioners who
are concerned about targeted methods to improve preschooler’s
physical fitness levels.

MATERIALS AND METHODS

This study was approved by the Shanghai Nutrition Society
Medical Ethics Committee (No. 2019-007) on July 11, 2019,
and the participants’ confidentiality was strictly maintained
throughout the study. Prior to participation, the purpose and
procedures of this study were explained to the participants’
parents and teachers in each kindergarten. In addition, written
informed consent was obtained from the parents.

Participants

This cross-sectional study was conducted at school entry
(autumn 2019) in Shanghai, China. The participants were
recruited from three non-randomly selected public kindergartens
rated as First-level Kindergarten (24), and notably, all children
were recruited, except for those in four classes who were
quarantined due to influenza. Written study information and
informed consent forms were sent to the participants’ guardians.
In addition, the teachers of the kindergartens were informed
about the study introduction content. The participants were
formally included in the study after the informed consent was
received. In total, 1021 Chinese children were registered for this
study. After excluding the missing data and outliers rejected, a
total of 945 participants (509 males, 4.8 &= 0.8 years; 436 females,
4.8 + 0.8 years) were included in the final analyses. The sample
selection process is detailed in Figure 1.

1021 children were recruited from three
public kindergartens.

Participants who didn’t take the X-ray
graph of skeletal age were excluded
(n=21).

Participants who didn’t complete all
physical fitness test items were
excluded (n=32).

v

N

Participants finished the data collection of
physical fitness and skeletal age (n=968).

| Participants were excluded due
to outliers of physical fitness
test data (n=23).

v

Participants included in this
cross-sectional study (n=945).

FIGURE 1 | Flowchart of sample selection process.
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Chronological and Skeletal Age

The individual chronological age was measured by subtracting
the calendar birth date from the test date. Since the enrollment
age in China was calculated as ending on August 31, relative
chronological age was calculated by dividing the difference of
birth date and August 31 by 365, and the difference is specifically
the gap between the date of birth and August 31 (for children
born from January to August) or August 31 of the following year
(for children born from September to December).

The determination of skeletal age has been previously reported
(22). Briefly, the skeletal age was assessed by comparing the
obtained X-ray film of the left hand and wrist, which was taken
with a digital portable X-ray apparatus (MOVIX4.0+D Ream,
Stephanie, France) with the standard of Tanner-Whitehouse
3-Chinese Radius-Ulna-Short Bones (TW3-C RUS) (25). The
reliability of skeletal age evaluation has been reported in our
previous study (22). The relative skeletal age is determined by
the difference between the skeletal age and the chronological age
(skeletal age minus chronological age), which indicates skeletal
maturity (8).

Physical Fitness Assessment

The participant’ weight (0.1kg) and height (0.1cm) were
measured by a mechanical stadiometer (Ningbo Finer Medical
Instruments Co., Limited, Zhejiang, China) and a body fat and
weight measurement device (V-BODY HBF-371, Omron, Japan),
respectively, without shoes and coats on. Body mass index (BMI)
was calculated using the equation as follows: BMI (kg/m?) =
Weight (kg)/Height? (m?). The physical fitness performance was
determined according to the Chinese National Physical Fitness
Measurement (preschool children version) (26). The test battery
is widely used in China as an official manual, and a previous study
reported its reliability and validity (27). This physical fitness test
battery includes six test items: sit and reach, 2 x 10m shuttle
run test, standing long jump, tennis ball throw, 5m jump on
both feet, and balance beam walk. The test was conducted by
trained researchers in the activity room and playground of each
kindergarten. The assessment details are as follows.

Sit and Reach

The participants removed their shoes and were instructed to sit
on the floor with legs fully extended with feet against the front
end of the test equipment (Reliable Co., Ltd., Beijing, China), and
then slowly bend forward to push the Vernier as far as possible
with their fingertips. The participants performed the test twice,
and the better result was recorded (0.1cm). Longer distance
reflects better flexibility.

2 x 10 m Shuttle Run

The test was conducted between groups of two participants. A
marker tube was placed on the turn-back line of the 10 m long
and 1.22 m wide runways, respectively. The participants placed
their front foot behind the starting line. With the signal “Go!,
the participants sprinted to the turn-back line, touched the tube,
and ran back across the finish line. The participants performed
the test once and recorded the time spent (0.1 s). The shorter time
spent reflects better speed of movement and agility.

Standing Long Jump

The participants jumped as far as possible with their feet together
(separate from each other at about the shoulder’s width) while
staying upright. The distance between the start line and the
landing position was measured. The participants performed this
test twice, and the better result was recorded (1.0 cm). Longer
distance reflects greater lower limb explosive strength.

Tennis Ball Throw

The participants stood in front of the starting line and were
instructed to hold one tennis ball with their dominant hands
and throw (overhand) it as far as possible. The longer distance
of the two attempts was recorded as the test score (0.5m), and
longer distance reflects greater upper limb power/strength and
better coordination.

5m Jump on Both Feet

Ten horizontal lines were drawn 0.5 m apart on the flat ground,
and a soft square bag (length 10 cm, width 5cm, height 5cm)
was placed on each line. The participants stood in front of the
start line, and upon the signal “start,” continuously skipped 10
bags. The observer recorded the time spent (the better of the two
attempts) as the test result (0.1s). The shorter time spent reflects
better coordination and lower limb strength.

Balance Beam Walk

The participants walked over the balance beam (3 m long, 10 cm
wide, and 30-cm high; a square platform with the same height
and a side length of 20cm was added to both ends of the
balance beam as the starting and ending areas) (Reliable Co.,
Ltd., Beijing, China) at the fastest speed without falling down.
Each participant walked twice, and the lesser time required was
recorded as the result (0.1 s). The shorter time spent reflects better
dynamic balance.

Statistical Analyses

The data were entered into an Excel spreadsheet and imported
into SPSS Statistics for Mac. Version 21.0 (IBM Co., Armonk,
NY, USA) for analyses. All variables were expressed as the mean
=+ standard deviation. The differences in each measurement
parameter between the chronological age and skeletal age groups
were analyzed using one-way analysis of variance (ANOVA),
and differences across genders were analyzed using analysis
of the independent-samples t-test. Subsequently, a Spearman’s
correlation analysis was performed between chronological age,
skeletal age, body size (height and weight), and physical
fitness tests in gender groups. The relationship between relative
chronological age, relative skeletal age, body size (height and
weight), and physical fitness was evaluated using Pearson
correlation coefficient in gender and grade groups. Additionally,
partial correlations, adjusting height and weight, were used to
determine the relationships among the variables of skeletal age,
chronological age, relative skeletal age, relative chronological
age, and physical fitness items. Notably, the differences were
considered statistically significant at p < 0.05.
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RESULTS

The means and standard deviations by chronological age group
and gender are stated in Table 1, and in addition, analyses by
skeletal age group are presented in Supplementary Table 1. As
shown in Table 1, from the 3.0-year group to the 6.0-year group,
male’s height increased from 99.2 £ 3.9 to 119.1 £ 5.9 cm, and
weight increased from 16.2 & 2.0 to 24.0 £ 3.6kg. Similarly,
female’s height increased from 97.9 &+ 3.3 to 118.1 &= 4.7 cm, and
weight increased from 15.6 & 1.9 to 22.5 =+ 3.4 kg, and significant
differences were observed between age groups. Regarding health-
related physical fitness, there was no significant change in BMI
and female’s sit and reach, except for male’s sit and reach
performance, which decreased from 10.9 & 3.6 cm in the 3.0-year
group to 5.5 & 4.7cm in the 6.0-year group (p < 0.01). Skill-
related physical fitness performance significantly improved with
age (p < 0.01). Regarding sit and reach that reflects flexibility, the
females consistently performed better than males in five of the
seven age groups (p < 0.01); on the contrary, in four of the seven
age groups, males significantly showed better performance than
females in tennis ball throw (p < 0.05). In other items, gender-
related differences were relatively small, and a similar result is
presented in Supplementary Table 1 grouped by skeletal age.
The relationships between chronological age, skeletal age,
height, weight, and physical fitness are presented in Table 2.
This table includes the coefficients of correlations and partial
correlations (adjusting height and weight) between ages and
physical fitness items. As shown, height and weight are

strongly associated with skeletal age and chronological age (p
< 0.01), respectively. Skill-related physical fitness performance
was weakly-moderately associated with skeletal age (the absolute
value of r: 0.225-0.508, p < 0.01) and moderately-strongly
associated with chronological age (the absolute value of r:
0.405-0.659, p < 0.01). However, health-related physical fitness
items (BMI and sit and reach) showed a fairly weak to no
correlation with skeletal age and chronological age, respectively.
After adjusting the height and weight, there was no or very weak
correlation between skeletal age and both health- and skill-related
physical fitness. In contrast, weak-moderate correlations were
observed between chronological age and skill-related physical
fitness (the absolute value of r: 0.220-0.419, p < 0.01).

Table 3 shows the correlations and partial correlations of
relative chronological age and relative skeletal age with height,
weight, and physical fitness. Height and weight showed a weak
to moderate correlation with relative skeletal age in all grade
and gender groups (the absolute value of r: 0.219-0.451, p
< 0.01), and physical fitness items showed very weak or no
correlations and partial correlations with relative skeletal age.
Regarding relative chronological age, in Grade 1, skill-related
physical fitness items (except for balance beam walk) showed
weak-moderate correlation with relative chronological age (the
absolute value of r: 0.227-0.464, p < 0.05), and after adjusting
height and weight, most test items still showed weak correlations.
However, in Grade 2 and 3, the items and correlation coefficients
associated with the relative chronological age decreased, and in
Grade 3, only standing long jump showed a very weak correlation

TABLE 1 | Descriptive statistics for body size, physical fitness by gender and chronological age.

N Body size Health-related physical fitness Skill-related physical fitness
Height (cm) Weight (kg) BMI Sit and 2 x 10m Standing long Tennis ball 5m jump on Balance beam
(kg/m?) reach (cm) SRT (s) jump (cm) throw (m) both feet (s) walk (s)
Male (n = 509)
3.0~ <35 36 99.2 £ 3.9 16.2+£2.0 16.4£1.1 10.9 £ 3.6 125+28 50.0 £ 17.1 24+11 10.7 £ 4.6 29.9 +16.0
35~<40 66 101.7+4.3 171+£23 16.5£1.5 9.8+4.2 11.0+£23 59.6 + 18.2 3.0+1.0 9.0+ 4.0 26.4 +14.2
40~ <45 59 106.7 £4.6 189+27 16.5+£1.8 9.4+4.3 95+16 733+ 1564 3.6+ 13 76+28 220+ 11.7
45~ <50 106 109.2 +4.2 19.1+£22 16.0+ 1.3 8.7 +4.7 9.0+15 825+ 17.7 39+14 7.7 +£3.2 20.0 + 14.7
50~ <55 104 1124+44 205+ 31 16.1+£1.9 70+44 82+1.0 87.9+17.9 4.7 £1.7 6.1 +£20 157 £ 115
55~ <6.0 107 11569+4.8 220+40 163+22 8.0+52 79+1.1 95.5 +15.5 56+1.8 57+1.8 11.1+£10.2
60~<65 31 1191+59 240+£36 168+17 55+4.7 79+12 1005+174 57+20 53+1.0 11.4+72
One-way ANOVA - - ns - x - - - -
Female (n = 436)
3.0~ <35 35 979+ 33 156 +£1.9 163+ 1.4 11.8+2.1 121 +£23 449 +17.8 21+05 9.7+4.2 2563+ 14.5
35~<40 55 1011436 163+1.8% 1594+ 1.4 11.7 £ 3.3% 109+ 1.5 58.9+13.9 27+08 8.1+28 242+ 13.6
40~ <45 58 1049+46% 17.0+21% 1544+ 11" 102 £3.5 9.8+1.5 70.0+13.0 3.1 +1.0* 7.3+1.8 24.4 +13.7
45~ <50 81 108.3 £ 4.1 184 +24 15.7+£1.5 11.9 +3.5% 9.0+14 78.3+14.6 35+ 1.0* 6.6+1.6%" 21.3+13.5
50~ <55 109 1121+46 20.0+28 159+1.8 11.3 £ 5.1% 8.5+ 1.1% 84.3 + 13.1 43+1.3% 6.5+23 137 +£11.5
556~<60 73 11564+50 214+36 160+22 11.5 + 4.8% 8.4+ 09" 876+16.5% 46+13% 61+1.8 13.0+ 10.2
6.0~<65 25 1181+47 225+34 162+32 12.7 £3.7% 8.1+£0.7 93.6 £12.3 54+15 5.7+1.2 10.3 £ 9.1
One-way ANOVA - - ns ns ox - - - -
*n < 0.01. *Female vs. Male, p <0.05, **Female vs. Male, p < 0.01.
BMI, body mass index; SRT, shuttle run test; ns, no significance.
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TABLE 2 | Correlations and partial correlations between skeletal age, chronological age, and body size, physical fitness in children aged 3-6 years old.

SA CA Height (cm) Weight (kg) BMI (kg/m?)
r Fpartial-H&W r Fpartial-H&W
Male (n = 509)
Height (cm) 0.735** - 0.777* - - - -
Weight (kg) 0.629** - 0.621* - 0.778* - -
BMI (kg/m?) 0.096* 0.078 —0.046 0.112* 0.069 0.672** -
Sit and reach (cm) —0.0193** 0.012 —0.244** —0.063 —0.259** —0.138* 0.084
2 x 10m SRT (s) —0.427* —0.062 —0.640™ —0.419™ —0.514* —0.341* 0.047
Standing long jump (cm) 0.508** 0.137** 0.641* 0.405* 0.553** 0.363** —0.057
Tennis ball throw (m) 0.382** —0.006 0.580** 0.287* 0.624** 0.411* 0.044
5m jump on both feet (s) —0.306"* —0.033 —0.513"* —0.306"* —0.368" —0.288™ —0.035
Balance beam walk (s) —0.266** —0.039 —0.479** —0.303** —0.319* —0.209** 0.034
Female (n = 436)
Height (cm) 0.668** - 0.801** - - - -
Weight (kg) 0.606** - 0.652** - 0.764** - -
BMI (kg/m?) 0.153* 0.04 0.016 0.129* 0.014 0.651** -
Sit and reach (cm) -0.013 —0.065 0.043 0.002 0.026 0.05 0.050
2 x 10m SRT (s) —0.486** —0.118* —0.622** —0.348** —0.565" —0.419* 0.002
Standing long jump (cm) 0.458** 0.125" 0.645™ 0.416* 0.576* 0.396** —0.047
Tennis ball throw (m) 0.428** —0.011 0.659** 0.345™ 0.5679* 0.457* 0.031
5m jump on both feet (s) —0.225"* 0.000 —0.405"* —0.232** —0.305™ —0.239™ —0.010
Balance beam walk (s) —0.269"* —0.027 —0.467** —0.220** —0.310" —0.248* -0.013

CA, chronological age; SA, skeletal age; BMI, body mass index; SRT, shuttle run test; partial-H&W, partial-Height & Weight.

o < 0.05, *p < 0.01.

with relative chronological age (male, r = 0.210, p < 0.01, female,
r=0.157, p < 0.05).

DISCUSSION

The main purpose of this study was to demonstrate the
associations between skeletal age/relative skeletal age and
chronological age/relative chronological age and physical fitness
performance in preschool children, especially independent of
height and weight. Overall, the main finding was that skill-
related physical fitness correlated with relative chronological
age rather than relative skeletal age, contrary to the findings
of previous studies that suggested that the skeletal maturation
status has a much stronger influence on motor performance
than the birth quarter and should be used in the selection and
competition of young athletes (19, 20, 28). Additionally, both
skeletal age and chronological age are associated with skill-
related rather than health-related physical fitness performance,
and after adjusting the height and weight, the chronological
age was weakly-moderately correlated with skill-related physical
fitness and skeletal age was not or very weakly correlated with
skill-related physical fitness. This result might provide evidence
to support the speculation from previous studies that skeletal age
influences physical fitness performance mainly through height
and weight (29). There are several possible explanations for
the results obtained in this study that we try to discuss from
three perspectives.

Firstly, the characteristic of the physical fitness item may affect
the relationships between chronological age, skeletal age, and
physical fitness performance. The physical fitness test includes
a series of standardized motor tasks for children (14, 27),
and it is more complex than specific motor acts executed in
motor competence measuring. An early study (30) showed
that correlations between skeletal age and isometric strength
measured in the cable tension method are higher than those
between skeletal age and motor performance. In this study, two
health-related indicators (BMI reflecting body composition and
sit and reach reflecting flexibility), reflecting a single physical
ability and a simple test method, showed very weak or no
correlation with skeletal and chronological age and relative age.
However, other skill-related physical fitness test items were
weakly-moderately associated with skeletal age and moderately-
strongly associated with chronological age (as shown in Table 2),
which is consistent with the finding of a previous study (29)
that indicated a greater effect of skeletal age on motor fitness
than handgrip performance (health-related fitness). Skill-related
physical fitness measures more than one component, such as the
motor components of coordination and lower limb strength that
are assessed in the 5 m jump on both feet test. The early childhood
stage is a crucial period for the development of basic motor skills,
and significant changes might occur in a short time during this
stage (8), which might explain the existence of a relationship
between age and skill-related physical fitness performance.
Additionally, physical fitness is related to intellectual maturity
in preschool children (31), and the complexity of the test
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TABLE 3 | Correlations and partial correlations between relative skeletal age, relative chronological age, and body size, physical fitness in children aged 3-6 years old.

RSA RCA RSA RCA

r Fpartial-H&W r Fpartial-H&W r Fpartial-H&W r Fpartial-H&W
Grade 1 Male (n = 118) Female (n = 108)
Height (cm) 0.333* - 0.492* - 0.219* - 0.449* -
Weight (kg) 0.334** - 0.344* - 0.281* - 0.175 -
BMI (kg/m?) 0.181 0.049 0.049 0.066 0.175 0.041 —-0.177 —0.075
Sit and reach (cm) 0.035 0.05 —0.189* —0.194* 0.219* 0.165 —0.160 -0.216*
2 x 10m SRT (s) 0.094 0.155 —0.343" —0.302** 0.020 0.091 —0.324** —0.246*
Standing long jump (cm) —0.133 —0.225* 0.358"* 0.287** 0.042 —0.051 0.464** 0.362**
Tennis ball throw (m) 0.012 -0.102 0.365"* 0.271* -0.173 —0.254** 0.433** 0.383**
5m jump on both feet (s) 0.044 0.106 —0.227* —0.186" —0.052 —0.040 —0.237* —0.194*
Balance beam walk (s) 0.036 0.093 —0.187* -0.138 0.104 0.051 —0.143 —0.149
Grade 2 Male (n = 186) Female (n = 167)
Height (cm) 0.367* - 0.246* - 0.227* - 0.451* -
Weight (kg) 0.360** - 0.013 - 0.237* - 0.297* -
BMI (kg/m?) 0.169* 0.009 —.0207* 0.055 0.133 0.002 0.020 0.112
Sit and reach (cm) —0.042 —0.010 —0.153* —0.096 —0.064 —0.068 0.095 0.120
2 x 10m SRT (s) 0.012 0.041 —-0.210™ —0.154* —0.047 —0.030 —0.142 —-0.107
Standing long jump (cm) 0.205™* 0.159* 0.265"* 0.186* —0.034 -0.078 0.265"* 0.213*
Tennis ball throw (m) —0.030 —0.087 0.180" 0.139 —0.085 —0.155" 0.285" 0.199**
5m jump on both feet (s) 0.003 0.014 —0.111 —0.091 0.087 0.094 —0.091 —0.100
Balance beam walk (s) —0.007 —0.024 —0.226"* —0.216** 0.041 0.080 —0.281** —0.262**
Grade 3 Male (n = 205) Female (n = 161)
Height (cm) 0.451* - 0.389** - 0.251* - 0.262** -
Weight (kg) 0.355** - 0.252** - 0.331* - 0171 -
BMI (kg/m?) 0.138* 0.060 0.054 0.088 0.218* 0.011 0.039 0.148
Sit and reach (cm) —0.008 0.064 —0.011 0.058 —0.109 —0.126 0.068 0.063
2 x 10m SRT (s) 0.050 0.063 0.006 0.010 -0.107 —0.057 —0.009 0.048
Standing long jump (cm) 0.015 —0.03 0.210** 0.188** 0.006 0.029 0.157* 0.154
Tennis ball throw (m) 0.050 —0.068 0.085 —0.008 —0.061 —0.135 0.170* 0.115
5m jump on both feet (s) 0.066 0.061 —0.030 —0.055 0.156* 0.199* —0.028 -0.014
Balance beam walk (s) 0.121 0.133 —0.135 —0.147* 0.022 0.073 0.044 0.090

RSA, relative skeletal age; RCA, relative chronological age; BMI, body mass index; SRT, shuttle run test; partial-H&W, partial-Height & Weight.

o < 0.05, *p < 0.01.

method might affect the understanding and mastery of various
test methods, which may affect the demonstration of actual
competence. This speculation is supported by the findings of
previous studies that moderate-to-strong positive correlations
exist between actual motor competence and physical fitness in
preschool children (32, 33).

Secondly, physical fitness performance is not only decided by
growth and maturation but also by adaptation, which is a form
of motor learning in virtually all movements (34). Most of the
young children are not specifically trained, and the experience
of daily learning is crucial to improve motor skills. Consistent
with this view, the importance of participation has similarly
been highlighted in previous studies, indicating that an increased
physical activity contributes to an improved physical fitness
performance (32, 35, 36). Additionally, the effect of relative
chronological age can be explained from the same perspective. A
previous study emphasized the impact of relative chronological
age (the difference in birth month) on the physical fitness

performance of preschool children (15), and similar results were
also obtained in our study (Table 3). Thus, we can speculate
that chronological age not only reflects growth and maturation
but also implies survival duration in the society, which indicates
the opportunity to improve adaptation through participation
and experience. On the contrary, skeletal age mainly reflects the
growth and maturation status. However, this situation might be
gradually altered with an increased time of living and studying
in a similar environment. This is because, as shown in Table 3,
the effect of relative chronological age seemed to be greater in
grade 1 than in grade 3. In addition, previous studies have shown
that there are similar correlation coefficients between skeletal
age, chronological age and physical fitness in adolescent males
(8, 30, 37).

Thirdly, the skeletal maturity status might determine the
entire extent of motor skills, such as youth athlete’s achievement
in a competition after intensive training; however, it does
not directly determine the performance of motor tasks in
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children and adolescents without practice. Hence, skeletal age
is used more in competitive sports. It has been suggested that
skeletal maturation influences competition performance, which
strengthens the importance of skeletal age in selecting young
athletes (19, 20, 38). Consequently, much attention is not given
to general physical education.

There are a few limitations to this study. Several factors
influence physical fitness performance in preschool children;
however, this study failed to consider other main influencing
factors, physical activity lifestyles, and environmental factors (1)
and only comparatively analyzed the effects of chronological
age and skeletal age on physical fitness. Hence, we could not
quantitatively explain the impact of each factor on physical
fitness, and, therefore, could not provide direct and strong
evidence for formulating measures to improve children’s physical
fitness. Secondly, although some test items included muscular
strength components, the direct measurement of strength (e.g.,
handgrip, knee extension, and muscle mass) was not considered.
This led to the failure to prove whether the relationship
between preschool children’s muscle strength and skeletal age
and chronological age is different from that among other physical
fitness performance. However, there are relatively few general
methods for direct measurement of muscle mass and muscle
strength in preschool children.

Nevertheless, this study has several strengths. To the best
of our knowledge, this is the first study that clarified the
correlation coeflicients between skeletal age/relative skeletal age,
chronological age/relative chronological age and physical fitness,
especially adjusting the height and weight. The evidence from
this study suggests that (1) both skeletal age and chronological
age are associated with skill-related rather than health-related
physical fitness performance, and after adjusting height and
weight, chronological age, rather than skeletal age, is associated
with skill-related physical fitness performance; (2) for preschool
children, skill-related physical fitness performance is influenced
by relative chronological age rather than individual differences in
skeletal maturation, especially in the lower grades.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

REFERENCES

1. Corbin CB, Welk GJ, Corbin WR, Welk K. Concepts of Physical Fitness: Active
Lifestyles for Wellness. New York, NY: McGraw-Hill (2008).

2. Castelli DM, Hillman CH, Buck SM, Erwin HE. Physical fitness and academic
achievement in third- and fifth-grade students. J Sport Exerc Psychol. (2007)
29:239-52. doi: 10.1123/jsep.29.2.239

3. Lee JE, Pope ZC, Zeng N, Zhang Y, Gao Z. Associations among
objectively-determined physical activity, cardiorespiratory fitness and
cognitive function in preschool children. Med Sci Sport Exer. (2017)
49:892. doi: 10.1249/01.mss.0000519421.19060.c2

4. Fedewa AL, Ahn S. The effects of physical activity and physical fitness
on children’s achievement and cognitive outcomes: a meta-analysis. Res Q
Exercise Sport. (2011) 82:521-35. doi: 10.1080/02701367.2011.10599785

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by The Shanghai Nutrition Society Medical Ethics
Committee (No. 2019-007). Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

AUTHOR CONTRIBUTIONS

DK and DL designed this study. DK, JZ, GC, and XW carried out
the experiments. DK and KS analyzed experimental data. DK was
responsible for manuscript writing. KS revised the manuscript.
All authors were involved in writing the paper, and had final
approval of the submitted and published versions.

FUNDING

This work was supported by the research grants from Institute
of Health and Sports Science & Medicine, Juntendo University;
Joint Research Program of Juntendo University, Faculty of Health
and Sports Science; Directed research grants from the Science
and Technology Commission of Shanghai Municipality (Grant
No0.18DZ1200600); Scientific research grants from Science and
Technology Commission of Shanghai Municipality (Grant
No. 16080503100).

ACKNOWLEDGMENTS

The authors thank the Shanghai University of Sport, Shanghai
Research Institute of Sports Science, and Shanghai Center for
Women and Children’s Health for their contribution to data
collection and skeletal age assessment. The authors also thank
Juntendo University for providing financial support for this
study. In addition, kindergartens that participated in this study
are also gratefully acknowledged.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.
2021.641353/full#supplementary-material

5. Ortega FB, Ruiz JR, Castillo MJ, Sjostrom M. Physical fitness in childhood
and adolescence: a powerful marker of health. Int J Obesity. (2008) 32:1-
11. doi: 10.1038/sj.ij0.0803774

6. Shigaki GB, Barbosa CCL, Batista MB, Romanzini CLP, Gongalves EM,
Serassuelo H, et al. Tracking of health-related physical fitness between
childhood and adulthood. Am ] Hum Biol. (2020) 32:9. doi: 10.1002/ajhb.
23381

7. Eberhardt T, Niessner C, Oriwol D, Buchal L, Worth A, Bos K. Secular
trends in physical fitness of children and adolescents: a review of large-scale
epidemiological studies published after 2006. Int ] Environ Res Public Health.
(2020) 17:15. doi: 10.3390/ijerph17165671

8. Malina RM, Bouchard C, Bar-Or O. Growth, Maturation, and Physical
Activity:  Human Wizdom (2004). doi: 10.5040/97814925
96837

Kinetics.

Frontiers in Pediatrics | www.frontiersin.org

May 2021 | Volume 9 | Article 641353


https://www.frontiersin.org/articles/10.3389/fped.2021.641353/full#supplementary-material
https://doi.org/10.1123/jsep.29.2.239
https://doi.org/10.1249/01.mss.0000519421.19060.c2
https://doi.org/10.1080/02701367.2011.10599785
https://doi.org/10.1038/sj.ijo.0803774
https://doi.org/10.1002/ajhb.23381
https://doi.org/10.3390/ijerph17165671
https://doi.org/10.5040/9781492596837
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Ke et al.

Chronological/Skeletal Age & Physical Fitness

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Eliakim A, Nemet

D, Balakirski Y, Epstein Y. The effects of
nutritional-physical ~ activity =~ school-based intervention on fatness
and fitness in preschool children. ] Pediatr Endocrinol Metab. (2007)
20:711-8. doi: 10.1515/JPEM.2007.20.6.711

Latorre-Roman PA, Mora-Lopez D, Garcia-Pinillos F. Effects of a physical
activity programme in the school setting on physical fitness in preschool
children. Child Care Health Dev. (2018) 44:427-32. doi: 10.1111/cch.
12550

Antunes AM, Freitas DL, Maia J, Hedeker D, Gouveia ER, Thomis M, et al.
Motor performance, body fatness and environmental factors in preschool
children. J Sport Sci. (2018) 36:2289-95. doi: 10.1080/02640414.2018.1449410
Soderstrom M, Boldemann C, Sahlin U, Martensson F, Raustorp A, Blennow
M. The quality of the outdoor environment influences childrens health
- a cross-sectional study of preschools. Acta Paediatrica. (2013) 102:83-
91. doi: 10.1111/apa.12047

Roman PAL, del Castillo RM, Zurita ML, Sanchez JS, Garcia-Pinillos
E Lopez DM. Physical fitness in preschool children: association with
sex, age and weight status. Child Care Health Dev. (2017) 43:267-
73. doi: 10.1111/cch.12404

Cadenas-Sanchez C, Intemann T, Labayen I, Peinado AB, Vidal-
Conti J, Sanchis-Moysi ], et al. Physical fitness reference standards
for preschool children: the PREFIT project. J Sci Med Sport. (2019)
22:430-7. doi: 10.1016/j.jsams.2018.09.227

Cupeiro R, Rojo-Tirado MA, Cadenas-Sanchez C, Artero EG, Peinado AB,
Labayen I, et al. The relative age effect on physical fitness in preschool
children. J Sport Sci. (2020) 38:1506-15. doi: 10.1080/02640414.2020.1746559
Drenowatz C, Greier K. Association of biological maturation with
the development of motor competence in Austrian middle school
students—a  3-year observational  study. Pediatr.  (2019)
8:402-11. doi: 10.21037/tp.2019.09.03

Guimaries E, Baxter-Jones A, Maia J, Fonseca P, Santos A, Santos E, et al.
The roles of growth, maturation, physical fitness, and technical skills on
selection for a Portuguese under-14 years basketball team. Sports. (2019)
7:61. doi: 10.3390/sports7030061

Malina RM, Eisenmann JC, Cumming SP, Ribeiro B, Aroso J. Maturity-
associated variation in the growth and functional capacities of youth
football (soccer) players 13-15 years. Eur J Appl Physiol. (2004) 91:555-
62. doi: 10.1007/500421-003-0995-z

Beunen G, Ostyn M, Simons J, Renson R, Van Gerven D. Chronological and
biological age as related to physical fitness in boys 12 to 19 years. Ann Hum
Biol. (1981) 8:321-31. doi: 10.1080/03014468100005121

Sherar LB, Baxter-Jones AD, Faulkner RA, Russell KW. Do physical maturity
and birth date predict talent in male youth ice hockey players? J Sports Sci.
(2007) 25:879-86. doi: 10.1080/02640410600908001

Freitas DL, Lausen B, Maia JA, Gouveia ER, Antunes AM, Thomis
M, et al. Skeletal maturation, fundamental motor skills, and motor
performance in preschool children. Scand J Med Sci Sport. (2018) 28:2358-
68. doi: 10.1111/sms.13233

Ke D, Lu D, Cai G, Zhang J, Wang X, Suzuki K. Accelerated
skeletal maturation is associated with overweight and obesity as
early as preschool age: a cross-sectional study. BMC Pediatr. (2020)
20:452. doi: 10.1186/512887-020-02353-w
Malina ~ RM.  Physical  growth  and
of young athletes. Exerc Sport  Sci
4. doi: 10.1249/00003677-199401000-00012
Shanghai Preschool Education. Chinese, 2019. Updated December 18, 2019.
Available online at: http://www.age06.com/age06web3 (accessed June 20,
2020).

Transl

maturation
22:280-

biological
Rev.  (1994)

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Zhang SY, Liu L], Wu ZL, Liu G, Ma ZG, Shen XZ, et al. Standards of
TWS3 skeletal maturity for Chinese children. Ann Hum Biol. (2008) 35:349-
54. doi: 10.1080/03014460801953781

The General Administration of Sport of China. The National Physical
Fitness Measurement Standards Manual (Preschool Children Version). Beijing:
People’s Physical Education Press (2003).

Fang H, Ho IMK. Intraday reliability, sensitivity, and minimum detectable
change of national physical fitness measurement for preschool children in
China. PLoS ONE. (2020) 15:€0242369. doi: 10.1371/journal.pone.0242369
Johnson A, Farooq A, Whiteley R. Skeletal maturation status is more strongly
associated with academy selection than birth quarter. Sci Med Football. (2017)
1:157-63. doi: 10.1080/24733938.2017.1283434

Katzmarzyk PT, Malina RM, Beunen GP. The contribution of biological
maturation to the strength and motor fitness of children. Ann Hum Biol.
(1997) 24:493-505. doi: 10.1080/03014469700005262

Rarick GL, Oyster N. Physical maturity, muscular strength, and motor
performance of young school-age boys. Res Q Am Assoc Health Phys Educ
Recreation. (1964) 35:523-31. doi: 10.1080/10671188.1964.10613349
Latorre-Roman PA, Mora-Loépez D, Garcia-Pinillos F. Intellectual maturity
and physical fitness in preschool children. Pediatr Int. (2016) 58:450-
5. doi: 10.1111/ped.12898

Sigmundsson H, Haga M. Motor competence is associated with physical
fitness in four- to six-year-old preschool children. Eur Early Child Educ Res
J. (2016) 24:477-88. doi: 10.1080/1350293X.2016.1164411

Haga M, Gisladottir T, Sigmundsson H. The relationship between motor
competence and physical fitness is weaker in the 15-16 Yr. Adolescent age
group than in younger age groups (4-5 Yr. and 11-12 Yr.). Percept Motor
Skill. (2015) 121:900-12. doi: 10.2466/10.PMS.121c24x2

Vasudevan EVL, Torres-Oviedo G, Morton SM, Yang JE Bastian
AJ. Younger is not always better: development of locomotor
adaptation  from childhood to adulthood. ] Neurosci. (2011)
31:3055. doi: 10.1523/J]NEUROSCI.5781-10.2011

Burdette HL, Whitaker RC. Resurrecting free play in young children: looking
beyond fitness and fatness to attention, affiliation, and affect. Arch Pediatr
Adolesc Med. (2005) 159:46-50. doi: 10.1001/archpedi.159.1.46

Palmer KK, Chinn KM, Robinson LE. The effect of the CHAMP intervention
on fundamental motor skills and outdoor physical activity in preschoolers. J
Sport Health Sci. (2019) 8:98-105. doi: 10.1016/j.jshs.2018.12.003

Seils LG. The relationship between measures of physical growth
and gross motor performance of primary-grade school children.
Res Q Am Assoc Health Phys Educ Recreation. (1951) 22:244-
60. doi: 10.1080/10671188.1951.10761945

Valente-Dos-Santos J, Coelho-E-Silva MJ, Severino V, Duarte J, Martins RS,
Figueiredo AJ, et al. Longitudinal study of repeated sprint performance in
youth soccer players of contrasting skeletal maturity status. J Sports Sci Med.
(2012) 11:371-9.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Ke, Lu, Cai, Wang, Zhang and Suzuki. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Pediatrics | www.frontiersin.org

May 2021 | Volume 9 | Article 641353


https://doi.org/10.1515/JPEM.2007.20.6.711
https://doi.org/10.1111/cch.12550
https://doi.org/10.1080/02640414.2018.1449410
https://doi.org/10.1111/apa.12047
https://doi.org/10.1111/cch.12404
https://doi.org/10.1016/j.jsams.2018.09.227
https://doi.org/10.1080/02640414.2020.1746559
https://doi.org/10.21037/tp.2019.09.03
https://doi.org/10.3390/sports7030061
https://doi.org/10.1007/s00421-003-0995-z
https://doi.org/10.1080/03014468100005121
https://doi.org/10.1080/02640410600908001
https://doi.org/10.1111/sms.13233
https://doi.org/10.1186/s12887-020-02353-w
https://doi.org/10.1249/00003677-199401000-00012
http://www.age06.com/age06web3
https://doi.org/10.1080/03014460801953781
https://doi.org/10.1371/journal.pone.0242369
https://doi.org/10.1080/24733938.2017.1283434
https://doi.org/10.1080/03014469700005262
https://doi.org/10.1080/10671188.1964.10613349
https://doi.org/10.1111/ped.12898
https://doi.org/10.1080/1350293X.2016.1164411
https://doi.org/10.2466/10.PMS.121c24x2
https://doi.org/10.1523/JNEUROSCI.5781-10.2011
https://doi.org/10.1001/archpedi.159.1.46
https://doi.org/10.1016/j.jshs.2018.12.003
https://doi.org/10.1080/10671188.1951.10761945
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Chronological and Skeletal Age in Relation to Physical Fitness Performance in Preschool Children
	Introduction
	Materials and Methods
	Participants
	Chronological and Skeletal Age
	Physical Fitness Assessment
	Sit and Reach
	2  10m Shuttle Run
	Standing Long Jump
	Tennis Ball Throw
	5m Jump on Both Feet
	Balance Beam Walk

	Statistical Analyses

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


