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Abstract — This study aimed to examine the relative age effect on muscle power in a large 1 Universidade Federal de Pelotas —
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birthdates. Upper and lower limbs muscle power were assessed using the 2-Kg medicine ball
throw and horizontal jump tests, respectively. The normative distribution of physical fitness
components was used for classification. The results showed a significant association between
relative age and normative classification of muscle power. Among boys, there was a sequential
increase in the frequency of individuals classified as “very good/excellent” as the relative age
increased. A similar trend was observed among girls. The findings provided evidence of a
relative age effect on muscle power in Brazilian children and adolescents. These findings have
implications for the organization of structured physical activities and sports, as early-born
individuals may have an advantage in performance. Further research is needed to explore the
underlying mechanisms and potential interventions to mitigate the relative age effect and
promote equal opportunities for all youth in physical activities and sports. How to cite this article
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Relative age effect in muscle power

INTRODUCTION

The participation of children and adolescents in physical activities, games
and sports may occur in different settings and for different interests, reasons,
and conditions, being influenced by multiple factors. Some of these factors are
related to maturational processes. To mitigate the advantages or disadvantages
associated with maturational processes, structured physical activities, games
and sports practices for children and adolescents are commonly organized by
chronological age groups. However, even within the same chronological age,
those who were born in the first months of the age grouping system tend to
perform better in motor and sports tasks than those who were born in the
last months'. This phenomenon indicating differences between children and
adolescents within the same age group is known as the relative age effect (RAE).

The RAE has been widely studied in several competitive sports modalities
of children and adolescents'>. In general, the evidence from these studies shows
that the proportion of youth athletes who were born earlier is greater than
those who were born later within the same chronological age. One of the main
reasons to explain this phenomenon is the early physical maturation (sexual or
maturity off-set) of those early-born compared to those lately-born?. This feature
is associated with advantages in physical size and fitness that are closely related
to several sports’ performance contributing to these children and adolescents
being more often selected to compose competitive sports teams?. Besides, the
disadvantages due the lower physical size and fitness of those lately-born seem
to be associated with higher dropout of the sports competitive teams?.

Although the RAE seems to have greater effect in high-level youth sport
competition than those of lower level*®, the advantages in physical size and
fitness of children and adolescents who were born earlier compared to those
who were born later within the same chronological age may manifest in others
settings of structured physical activities, games and sports practices, as physical
education classes, extra-curricular school sports, and non-competitive school
sports. Due to disadvantages in physical size and fitness, lately born children and
adolescents may have lower involvement, participation and positive experiences
in the physical activities, games and sports practiced in the above mentioned
settings than those early-born in the same chronological age. These features may
contribute to those who were born late in the same chronological age reducing
the interest and participation in sports, games, and general physical activities.

Concerning to physical fitness, some previous studies analysing the general
population of children and adolescents”'? have confirmed the RAE. Results
of these studies showed that those who were born earlier than those who were
born later within the same chronological age year tend to be stronger, faster,
and more resistant. These differences in physical fitness in favour of early
born children and adolescents have been explained by the interaction among
individuals, mainly those related to maturational processes, environmental and
tasks related factors. For children (e.g., preschoolers and elementary schoolers)
the maturational processes seem to be the main factor to explain the RAE
in physical fitness. During adolescence the RAE in physical fitness is less
pronounced than during childhood mainly in the middle and in the final of
adolescence period. The RAE in physical fitness during adolescence seems to
be less explained by maturational processes and more explained by the greater
participation and experiences in activities that develop physical fitness of
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those who were born earlier than those who were born later within the same
chronological age.

Although some efforts have been conducted to better understanding the
RAE on physical fitness of general population of children and adolescents”*?,
some features still need to be further explored. Only Nakata’s study was
performed covering an age band from children and adolescents (seven to
15 years old). Despite the total sample size of most of the studies were large,
considering the necessity to stratify the samples by gender, chronological ages,
and subgroups within the same chronological age to examine the possible
RAE in physical fitness, for carrying out studies on this topic, a very large
sample size is recommended. Previous studies performed the analyses using
the mean differences of the fitness components among the subgroups of age
and although, in general, the found results indicate RAE in physical fitness, for
some subgroups of age within the same chronological age and for some fitness
components these differences were of low magnitude'™'?. Studies using other
ways to analyze the RAE and examining specific physical fitness components
of general children and adolescents could provide additional information and
contribute to the better understanding of this topic.

Despite the contribution of all physical fitness components, muscle power
is major for performance in most sports modalities’. In addition, this physical
fitness component is directly related to performance in sprints and speed with
change of direction' that are also important for a wide variety of physical
activities, sports and games participation and performance. Thus, examining
RAE in EMS of children and adolescents can contribute for a better organization
of structured physical activities, sports, and games, both in competitive and
non-competitive settings. The aim of this study is to examine the RAE on
the lower and upper-limbs muscle power classification in a large sample of
Brazilian children and adolescents.

METHOD
Study design

This study was performed using data from a repeated cross-sectional
surveillance carried out since 1999 designed to evaluate physical fitness levels
of Brazilian children and adolescents (6-17 years old) using a standardized data
collection protocol including data from all 26 Brazilian federative states and
Federal District. Ethical precepts were complied with.

Participants

The PROESP-Br since 1999 evaluated approximately 95.000 children and
adolescents from 5.219 institutions. For this study, 570 evaluators-volunteers
(physical education teachers, sports coaches and strength and conditioning
professionals) participate in data collection. After registration, the volunteers
received PROESP-Br guidelines® through an online multiplatform. Training
for data collection was carried out through online video classes, one video for
each test (about 3-5 minutes), in addition to complementary reading material.
Video lessons are available full-time on the online multiplatform and a phone
number is available (at the university) for specific questions. Originally, the
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first studies were published between 2002 and 2005, but unfortunately, inter-
evaluator reliability values were not reported at that time'®!.

Using non-random sampling methods, participants in all five regions of
Brazil, including the Amazon region and native peoples (indigenous), were
recruited in at least five cities in each region, considering the wide geographic
distribution of Brazil. Among recruitment sites, primary and secondary schools
account for more than 70% (distributed over the years between 63-75%), the
rest of the sites are made up of public and private sports clubs, sports schools,
social projects, and local cross-sectional research projects (linked to PROESP-
Br). In all stages of the research, participants were invited to participate in
the study, and written informed consent was obtained from parents or legal
guardians, aware that they could give up for any reason, without consequences.

For the present study, all children and adolescents between ages 7-16 years
evaluated between January 1999 and December 2018 were selected. The sample
was composed of 87.766 Brazilian boys (n=48.455) and girls (n=39.311).
The exclusion criteria were: 1) have not complete information data in the
database (name, age, sports practice, and anthropometric variables); and 2)
repeated values in the same year (evaluated twice a year).

Birthdate distribution by quarters

The relative age was based on centesimal age and was the independent
variable of the present study. It was calculated considering the date of birth and
the date of participation in the battery of tests. After obtaining the centesimal
age of each subject at the date in which the test battery was performed, they
were grouped into four age subgroups within each chronological age as follows
using as example the 7 years-old: 7.1 (7 years + up to 3 months), 7.2 (7 years
and > 3 months up to 7 years and 6 months), 7.3 (7 years and > 6 months up
to 7 years and 9 months) and 7.4 (7 years and > 9 months up to 7 years and
12 months — 1-day).

Assessment procedures
PROESP-Br guidelines® indicate that professors should initially advise

participants to wear light clothing and appropriate footwear for sports practice
whenever possible (without shoes for anthropometry). Next, the guidelines indicate
that the teacher should perform a joint warm-up before each assessment section
(there is a sequence of suggested activities). The guidelines suggest that teachers
carry out the assessments in a maximum of 20 participants per section, and use
four classes/sections (when possible) to carry out the assessments: day 1) body
mass measurements (weight); stature (height); arm-span, waist circumference,
and the sit and reach test (not included in this study); day 2) Abdominal strength
test and Cardio-respiratory 6-min run test; day 3) horizontal jump and 20-m
speed test; and day 4) medicine ball throw and agility test.

Guidelines recommend that teachers not perform assessments at very high or
very low temperatures, but this was not controlled in this study. Another factor that
could not be controlled was the type of test floor (but professors were encouraged to
indicate the temperature). The guidelines are for the evaluation of the sports court
of the school/club, but in Brazil, many schools do not have a court (in this case,
tests were performed in a concrete space in the school) or have a concrete court.
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Anthropometric measures

The PROESP-Br’s guideline indicates that height can be verified with the
aid of a tape measure (1.50 m) fixed to the wall (without wall baseboard) and
extended from bottom to top, with the children held upright, with their feet and
trunk against the wall. This measure was noted in centimeters to one decimal
place. Body mass can be measured using an anthropometric scale (analog or
digital), with accuracy to 500 grams and annotated in kilograms, using one
decimal place.

Physical fitness — Muscle power

For upper limbs muscle power assessment, we used the 2-kg medicine ball
throw test, this test proved to be valid for screening low bone density in Brazilian
children’®. For this test, a measuring tape was fixed to the ground perpendicular
to the wall. The student sits with knees outstretched, legs joined and back
fully supported by the wall. The student holds a medicine ball (2 kg) next to
the chest with your elbows bent. At the signal of the evaluator, the student
throws the ball as far as possible, keeping his back against the wall. The result
is recorded in centimeters.

For lower limbs muscle power assessment, we use the horizontal jump test
which is one of the most used tests for pediatric fitness and with good validity
criterium in other populations®. The test was carried out with a measuring tape
fixed to the ground, perpendicular to the starting line. The starting line was
signaled using one of the lines that marked the sports courts. The zero point
of the measuring tape was on the starting line. The student stands immediately
behind the line, with feet parallel, slightly apart, knees semi-flexed and trunk
slightly projected forward. At the signal, the student should jump as far as
possible with both feet at the same time. The result was recorded in centimeters.

The classification of the upper and lower limbs muscle power performance
was performed according to the proposal of the PROESP-Br. For skill-related
physical fitness components the classification is based on the normative
distribution of the Brazilian population by sex and chronological age, grouped
into four categories: “poor” (percentile <40), “reasonable” (percentile 40-59),

“good” (percentile 60-79), “very good/excellence” (Percentile 280)%.

Statistical analysis

Descriptive statistics are presented as means and standard deviations, and as
absolute and relative frequencies. The distribution of subjects within the four
categories of normative classification for the ULP and LLP tests among age
subgroups was presented by relative frequencies. These results were presented
by chronological age and by sex. The Pearson Chi-Square test was used to
compare the frequencies of subjects distributed within the four categories of
normative classification for the ULP and LLP tests among age subgroups.
These analyses were performed by sex and chronological age. For comparisons
in which the Chi-Square test identified a statistical association (p>0.05), the age
subgroup with a statistically higher number of cases than the other categories
were identified when the standardized residual adjustment value was higher
than two (2.0)%.
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RESULTS

Table 1 describes the sample characterization according to sex, chronological
age, and anthropometric variables. There are a smaller number of children and
adolescents in the extremal chronological ages (7 and 16 ages). The frequency
of subjects distributed within the four categories of normative classification
for the upper and lower limbs muscle power according to the four age
subgroups within each chronological age are presented in Figure 1 and
Figure 2.

For boys, there is a sequential increase in the frequency of children and
adolescents in the highest category of normative classification (very good/
excellent) as the relative age increases (age subgroups) from seven up to
15 chronological years, when it stabilizes, both for upper and lower limbs muscle
power (Figure 1A and Figure 2A). The frequency of boys classified as very
good/excellent for both EMP tests were significantly higher (p<0.05) for the
older age subgroups compared to younger age subgroups within 07 to 15 years
of chronological ages. For girls, it occurs in the same way, but stabilizes earlier
at 14 years of chronological age for upper limbs muscle power and at 13 years
of chronological age for lower limbs muscle power (Figure 1B and Figure 2B).
Comparing the older age subgroups to younger age subgroups, the frequency
of classification as very good/excellent were significantly higher (p<0.05) for
older than younger girls from 07 to 14 years of chronological age for upper
limbs muscle power and from 07 to 13 years of chronological age for lower
limbs muscle power (Figure 1B and Figure 2B). Furthermore, the difference
between the frequencies of oldest and youngest girls within each chronological
age in the highest category of normative classification for both EMP tests is
lower than those observed for boys.
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Figure 1. Effect of Relative Age in relation to normative classification of the Upper Limb Power in Boys
(A) and Girls (B) aged from 7-16 years old.

Rev Bras Cineantropom Desempenho Hum 2024, 26: 98244 6/12



Bergmann et al.

Relative age effect in muscle power

*919SNW quUI| JamMo] :d 77 4amod ajasnw quuij saddn :dn ‘ssew xapul Apoq ||\ ‘siuedioried Jo JaqLINU :U ‘SUOIIRIASP PIEPUE)S PUE SaNJEA UBSW :JSFX "8J0N

GO LEFIGE)
0"G9¥G9'82E
99°¢F 1T
ELLIFI89G
10°/%25191
as+x
(¥06=U) 9}

86'LEF L 261
L' 201702 28
06'€¥06' 12
SOVIFI6'G9
GO'8FLLELL
as+x
(czzi=u) 91

66 0£F61 LE 1
£6'V/FEV9LE
£6'6¥6 12
€L°01¥69°GS
£67/%88°091
as¥x
(L2y1=u) G1

89°CEF98 8
907065 Py
£8'¢¥2t 12
1672170819
20°8%9.°0.1
as¥x
(0902=U) G1

1'82%9G 651
25'69%21'90€
0V’ €¥6802
0+01¥26°€S
88'9%81°091
as¥x
(8282=u) v1

66°0EF0 L 2L}
686769 66€
G6'6¥6€02
LLTVFL69G
01'6%9°991
as¥x
(0z68=U) ¥1

L1'92FE00Y 1
6G'29%¢} 16¢C
'€¥60°02
LV 0LF6E 05
v /F2 861
as¥x
(esep=u) €}

G8'/2%98°€91
G6'78¥9L 0VE
62 7G5S 61
9022} 05
8/°6%81°6G1
as¥x
(1826=U) g}

99y2¥6r 98l 1L'€ZF052EL
12'/5%02'292  GLESFL6'6ET
¥EE¥30'61 Ge'Eee'8l
06'6%0.'St 99°6%66°0Y
9¢°/%08 1S 26'/786'8Y |
as+x as+x
(8e8/=U) 2} (6662=U) L1
(F1e6g=U) Su1H
99°GeF/Y'eSE by YeFIL GYL
v/'89%9F'68C  GE09¥5Z'6GC
60 7¥G. 81 LY EF/E81
V2 LIRS0 by 90°0+¥G6'6¢
26'8%05°2G1 187/¥8L9Y)
as+x as+x
(2696=U) 2} (6826=U) |1

LG'82¥E0°82)
2H0S¥/6°GLe
LTEFEL L)
69'8%91°9¢
98'/%082Y|
as¥x
(966G=U) 01

£8'62¥58'6S1
18'96¥8G°GEC
0S°€*/8 /1
96'8¥£29¢
8S/FLL YL
as¥x
(£502=U) 01

G9'2e*.6°02)
06'SY¥EL L6
eLeF0r LI
28'/7€8°2E
LS LFI898)
as¥x
(egee=) 6

vGECFLI TSl
82'15%0581¢
20°6¥65° L)
L0'8¥/Z€E
02'/%86°95 1
as¥x
(8¥1v=u) 6

98 LgFLLELL
£8°2r¥06'9.1
26'2%86°91
0£'9%0€'6¢
00°/%6. 05}
as+x
(0262=u) 8

GEeeFET el
95°9p¥E6'G6
01'€¥6Z L1
GE'/¥8E 08
v6'9%E L ZE1
as+x
(coog=u) 8

28°22*96701
8 GEFIZ 861
0,2%8G91
LL'GF6192
19'9%62°G2)
as¥x
(6261=U) /

28°CCFLILLL
06°ChFr L1
¥9°2*89°91
GL'9%¢k /T
L0'LF00°L2)
as¥x
(e8ze=u) /

dTl

dn

INg
Wbiam
Wb1eH

(s1eak) aby

dTl

dn

INg
Wbism
WbIeH

(s1eak) aby

(56p8p=u) shog

"abe |eaiBojouoIyd pue xas Aq ssaully [eaisAyd pue souiawodolyiue 1noge sonsiIsloeIeYD 8|dWwes *| ajqer

N2

Rev Bras Cineantropom Desempenho Hum 2024, 26: 98244



Relative age effect in muscle power

@ @ P>80
m P60-79
m P40-59

Lower Limb Power - Boys m P<40

100

- ulf e e e I

0

N, N A N 3 N
AT S S SRR SRR R S SR S SR

@ P>80

Lower Limb Power - Girls m P<40
100

. i I
+ «{|NNN AOOH RN NNAD UAAR OOOR BUA HAUR EOE ARGE

S S IS S U AV IS GRS GRS S

Figure 2. Effect of Relative Age in relation to Lower Limb Power in Boys (A) and Girls (B) aged from
7-16 years old.

The lowest category of normative classification (P<40) is less frequent in
older subjects within each chronological age. For boys the differences among
older and younger age subgroups were statistically significant (p<0.05) from 07
to 14 chronological years for upper limbs muscle power and from 07 up to 15
chronological years for lower limbs muscle power. For girls, these differences
(p<0.05) were observed in the upper limbs muscle power from 07 to 14 years
of chronological age and from 07 to 12 years of chronological age in the lower
limbs muscle power.

DISCUSSION

The main aim of this study was to examine the RAE on the normative
classification of the upper and lower limbs muscle power performance in Brazilian
children and adolescents. Our results showed that the frequency of subjects in the
highest normative classification category (very good/excellence - P>80) is higher
among the older ones within each chronological age. On the other hand, the
frequency of children and adolescents classified in the lowest normative category
(poor - P<40) is higher among the younger ones within each chronological age.
Odur findings are in line with results from previous studies that showed the RAE
on physical fitness performance among children and adolescents'* 2.

Despite our results indicating that, in general, older children and adolescents
within the same chronological age presented better performance and younger
ones presented worse performance on the analyzed EMS tests, some differences
between sexes were observed. For boys these results occurred in a consistent
way from seven to 15 chronological years old in both, upper and lower limbs
muscle power. For girls the RAE was found from seven to 14 chronological
years old in upper limbs muscle power both, for a higher frequency of better
performance among older subjects and higher frequency of worse performance
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among younger ones within the same chronological age. However, for lower limbs
muscle power the RAE occurred from seven to 13 chronological years for the
higher frequency of older girls having better performance and only from seven
to nine chronological years for the higher frequency of younger girls having
worse performance. These differences between sexes may be related to biological
maturation timing, that occur earlier in girls than in boys*. Consequently, girls
reach post pubertal status earlier than boys too. It could help explain, at least
in part, the RAE has been observed until 15 years old for boys, both in upper
and lower limbs muscle power, and until 14 and 13 years old for girls in both
physical capacities.

Previous studies have demonstrated the RAE on physical fitness in
general® and in muscular power tests in specific’. Most of them were performed
analysing the RAE on fitness in samples of young athletes of different sports
modalities' needing more information about RAE on children and adolescents’
population in general'®* Nevertheless, the results of these studies are similar
to those involving young athletes indicating the RAE on physical fitness with
more consistent results for boys than girls, which occur until 12 - 14 years old.
These results are in line with what was found in the present study. However, some
characteristics of our study should be highlighted for its potential contribution
to a better understanding of this issue and its practical application possibilities.

Different from previous studies that performed the RAE analyses using mean
values of the physical fitness tests, in our study we investigated the difference
in the relative frequency of subjects classified as very good/excellence (P>80)
of four different age subgroups within the same chronological age according
to a normative system of Brazilian children and adolescents’ physical fitness
classification. This methodological way to examine the RAE on physical fitness
provides an additional way to interpret this phenomenon in this population.
In the study of Drenowatz et al.’’, that used similar tests to assess upper and
lower limb muscle power than those used in our study, found the mean difference
between age-specific quartile 1 and quartile 4 in 10-11 years boys for upper
limb (Ball Push) was of 16 cm (444 vs 460 cm) and for lower limb muscle
power (Vertical Jump) was of 0.3 cm (21.8 vs 22.1 cm). Despite the statistical
analyses indicating a significant trend across quartiles, suggesting the RAE for
upper and lower limb muscle power in 10-11 years boys, the effect of these
differences in terms of practical application are low. In this sense, our results
provide an easy and practical way to interpret the RAE on physical fitness.
Although grouping students according to birth quarter is suggested to minimize
the impact of RAE?, this alternative is difficult to be implemented in physical
education classes because students are grouped according to some age grouping
system (for example, April 01 to March 31, or January 01 to December 31).

In this sense, our results provide an easy and practical way to interpret the
RAE on physical fitness. For extracurricular sports, as well as for competitive
youth sports, the alternative of grouping subjects by quarter of birth is perhaps
even more difficult, as in many cases the teams are organized into groups of two
years of chronological age, such as under 09, under 11, under 13, under 15 and
under 17. Therefore, it is essential that teachers and coaches understand the
RAE and seek to provide learning and training environments that consider it,
providing opportunities for younger subjects within the same chronological
age to develop and improve their skills and competences. These aspects may
contribute to minimizing the advantages of those who are older within the
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same chronological age group and improve the participation, development and
retention in sports and physical activities in general of those in disadvantage
in relation to the RAE?*. Additionally, the insights from this study can be
valuable in the talent identification process, particularly in identifying key
fitness parameters associated with superior performance. This knowledge can
help coaches and talent scouts in evaluating potential candidates and identifying
athletes with high performance potential. Finally, as physical fitness in general
and EMS in specific play a key role for the performance in several sports', our
results suggest that for talent identification and for competitions and sports
tournaments themselves, the strategies of organization could be carried out, at
least, by semester of birth.

CONCLUSION

Our findings collectively evidenced the RAE in muscle power assessed
from normative values of Brazilian children and adolescents’ physical fitness
classification. The frequency of subjects in the highest normative classification
category (very good/excellence - P>80) was higher among the older ones within
each chronological age and the frequency of children and adolescents classified
in the lowest normative category (poor - P<40) was higher among the younger
ones within each chronological age. The magnitude of the RAE was greater for
boys than for girls and also covered a larger age range for boys than for girls.

This evidence may be considered in different settings involving children
and adolescents, as in School Physical Education, in school sports, in the
organization of games and sports competitions, and for talent identification,
mainly for those modalities that for upper limb muscle power are important
tor the performance. In School setting, as in physical education classes as in
extracurricular sports, teachers must be aware that RAE influences fitness
performance and it can play a key role in other motor, cognitive and social
abilities that must be developed in children and adolescents.
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