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Abstract
Purpose: The aim of this study is to analyse the effect of relative age in anthropometric measurements, muscular 

strength of adolescent swimmers.
Material: The study sample was composed of 40 volunteers adolescent well-trained swimmers. Participants were 

grouped as swimmers born in the first quarter (January, February and March) and in the last quarter 
(October, November and December) of the same year. Anthropometric measurements were taken from 
each participant, and body mass index of participants were calculated. To determine performance 
parameters, handgrip, back and leg strength tests were performed on participants. The level of statistical 
significance was set at p < .05.

Results: Statistical analysis showed that there were statistically significant differences in the body height and 
BMI (p < .05), but body weight differences were not statistically significant between swimmers who are 
born first and last quarter of the same year (p > .05). There were significant differences in the means 
of absolute leg and handgrip strength between relative age groups. There were statistically significant 
differences in the means of relative back, leg and handgrip strength between groups (p < .05). All mean 
relative strength values of participants significantly differed in favour of the group born in the first 
quarter of the year.

Conclusions: As a result of this study, it is determined that relative age has an effect on the measured anthropometric 
and muscular strength parameters of adolescent well-trained swimmers. The findings of this study 
revealed that relative age is an important factor to be considered in swimming performance in adolescent 
swimmers.

Keywords: adolescent, age, relative age, swimming.

Introduction1

In many kinds of sports such as basketball, handball, 
soccer, volleyball, tennis, have been grouped the child 
and young participants in the competitions according to 
chronological age. In these sports, child and young athletes 
who were born on January 1 are grouped with their peers 
who were born on December 31 of the same year [1, 2]. 
However, scientific findings have shown that physical 
growth and biological maturation during childhood and 
adolescent period can vary even among teenagers of the 
same age. Grouping according to chronological age in 
sports provides to produce a competitive environment 
that may provide advantages for relatively older children 
and young athletes while disadvantaging other athletes in 
the same category. Herein, relative age effect (RAE) is 
considered as a major factor caused this situation [3, 4]. 

Relative age is calculated based on the month when 
the individuals were born in the same calendar year. 
Numerous researchers have indicated that relatively older 
athletes in the teenagers and childhood period have a 
higher physical performance than younger peers [5, 6]. 
These findings have been revealed that the early maturing 
teenagers may have potential athletic advantages in terms 
of body size, strength, endurance, and speed, especially 

© Atar Ö., Özen G., Koç H., 2019 
doi:10.15561/18189172.2019.0501

in the teenage period [7]. Therefore, relatively older 
children and young athletes have a lot more opportunity 
to take part in sports competitions and, consequently, 
can improve their psychological, technical, and tactical 
skills, supporting higher athletic performance [8]. In 
this context, RAE is commonly defined as differences in 
cognitive or physical performance by chronological age 
among young athletes who have grouped in the same 
competition category [9, 10].

Adolescence period is the period of most rapid physical 
growth due to hormonal and metabolic changes in the body. 
Especially, the most rapid growth occurs in the limbs and 
muscles. During the rapid growth phase of adolescence, 
the muscle strength increases and peaks at around 20-25 
age [11-13]. Differences in muscle strength depend on 
age, gender, nutrition, the level of physical activity and 
muscle functions [14-16]. Age is an important indicator 
of physical development and muscle strength of children 
and young people. In this regard, the relative age is to be 
considered a major parameter in terms of muscle strength 
development. Existing studies published on this matter 
have focused on the effect of relative age on the athletic 
performance of players in team sports such as; basketball, 
football and hockey. [1, 17]. Swimming is a sport discipline 
which muscle strength and body size are highly effective 
on athletic performance [12, 19]. Therefore, the RAE 
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may have a significant impact on athlete development in 
swimming. In this regard, the investigation of the effect 
of relative age on muscular strength in adolescent well-
trained swimmers may provide important findings. To 
this end, the aim of this study was to analysis of RAE in 
muscular strength of adolescent swimmers.

Materials and Methods
Subjects
A total of 40 male swimmers who was born out in the 

first quarter (January, February and March) and in the 
last quarter (October, November and December) of 2004 
participate in this study. The participants did not have a 
serious disability in the last 6 months and they had regular 
swimming training for least 5 years. The birth dates of 
the participants were calculated by taking into account 
the information on their national identification cards. 
Both participants and their parents were informed about 
the purpose and the test protocols of the study. Written 
informed consent forms were obtained from the parents 
of the adolescent swimmers who agreed to participate 
voluntarily in this study. This research was conducted in 
accordance with the Helsinki Declaration.

Data Collection
The data for this research was obtained from a 

standardized data extraction form, anthropometric 
measurements, and muscular strength tests. The 
standardized data extraction form was used to record 
age, training age and self-reported injury history. 
Anthropometric measurements included body weight 
and height. Body mass index (BMI) of the participants 
were calculated using the following formula: body 
mass (kg) / height2 (m). Back, leg and handgrip muscle 
strengths of the participants in the study were measured 
with a 1 kg sensitivity Takei digital handgrip and back/
leg dynamometers. No specific advice on dietary habits 
was given any of the participants during the study period. 
All anthropometric measurements and performance tests 
of participants were measured after an overnight fast. All 
tests for each participant were performed under the same 
environmental conditions (at air temperature 22°C and 
with 55% relative humidity) in an indoor performance lab.

Relative Age
Dates of birth in national identity card were used to 

determine the relative age of the participants. Relative 
ages of participants were calculated from the months 
of birth on their cards. Participants were grouped as 
swimmers born in the first quarter (January, February and 
March) and in the last quarter (October, November and 
December) of the same year.

Anthropometric Measurements
Anthropometric measurements were taken from 

each swimmer in line with the techniques set forth 
by the International Society for the Advancement of 
Kinanthropometry. Body weight of participants was 
measured them with in light clothes and without shoes 
by using a digital scale (TANITA, Japan) to the nearest 
0.1 kg and their body height was measured without shoes, 
standing in the upright position, looking straight forward 

by using SECA stadiometer (SECA, Germany) device. All 
measurements were measured by experienced researchers 
[20].

Performance Tests
Leg strength
All participants were allowed to 5-10 min warm-up 

and stretching before the strength tests. Leg strength test 
was carried out using a leg dynamometer (Takei, Japan). 
They were requested stood on dynamometer table in their 
knees bent position at approximately 100 degrees and 
their hands grabbed the dynamometer bar in arm stretched 
position. For the inactivation of back muscles, the hips 
were positioned directly over the ankle joints and the back 
kept straight. In this position, the participant pulled the bar 
in front of the body upwards as much as possible. The test 
was repeated three times with a 2 min rest between each 
trial and recorded the maximum pull out of three trials.

Back Strength
Participants were similarly positioned as in the leg 

strength test, but with the legs straight and the back flexed 
from the hip with fully extended elbows, until the tips of 
the index fingers reached the patellae. The pull bar of the 
device was placed in the hands and the chain length was 
adjusted. The test was performed three times with a 2 min 
rest between each trial, and the best score was recorded.

Handgrip Strength
Handgrip strength test was performed by using a 

hand dynamometer. This dynamometer was calibrated 
and adjusted to suit each participant before the test was 
performed. They were requested seat in a chair without 
arm support, and with their hips flexed at 90° and feet 
resting on the floor. Their elbow of the test arm was flexed 
to 90°, the forearm in neutral, and the wrist positioned at 
15–30° of extension and 0–15° of ulnar deviation. They 
were asked to squeeze the handle with as much force as 
possible for three seconds. The test was repeated three 
times with a 2 min rest for each participant. The highest 
score was recorded and used for statistical analysis.

Statistical Analysis
Data analysis was performed with the SPSS (V 15.0, 

SPSS Inc., Chicago, IL, USA) statistical package. Results 
were presented as mean (M) and standard deviations 
(SD). A normality analysis was performed by using 
Kolmogorov Smirnov tests. As variances showed a 
normal distribution “Independent-samples t-test” were 
used to determine whether the participants’ physical 
characteristic and muscular strength performances varied 
according to relative age groups. The significance level 
was fixed at 0.05. 

Results
An independent-samples t-test was conducted to 

compare the physical characteristics for the first and last 
quarter groups. The comparison of relative age groups 
was given in Table 1.

According to results of the t-test, there were 
statistically significance differences in the body height 
(t(38) = -3.46, p = .001) and BMI (t(38) = 3.32, p = .002) 
between first and last quarter groups.  However, body 
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weight differences were not statistically significant (p > 
.05). The mean body height of first quarter group was 
higher than last quarter group while the mean BMI of last 
quarter group was higher than the first quarter group.

The results of muscular strength performance tests of 
relative age groups were compared and presented in Table 
2. Independent sample t-test analysis showed that there 
were statistically significant differences in the means of 
absolute leg and handgrip strength between groups (t(38) 
= 2.70, p = .010; t(38) = 3.35, p = .002 respectively). The 
means of absolute leg and handgrip strength significantly 
differed in favour of the group born in the first quarter of 
the year. However, the means of absolute back muscular 
strength did not differ statistically between the groups (t 
(38) = 1.88, p = .068). 

The results of relative muscular strength performance 
of the groups were compared and presented in Table 3. 
Independent sample t-test analysis revealed that there 
were statistically significant differences in the means of 
relative back, leg and handgrip strength between groups 
(t(38) = 3.64, p = .001; t(38) = 3.76, p = .001; t(38) = 
3.82, p = .001 respectively). All mean relative strength 

values of participants significantly differed in favour of 
the group born in the first quarter of the year.

Discussion
In this research, we investigated the effect of relative 

age on the handgrip, back and leg muscular strength in 
adolescent well-trained swimmers who was born in the 
first and last quarter of the same year. The present study 
revealed that the RAE brings about significant differences 
in body height, BMI, relative back strength and both 
absolute and relative handgrip and leg strength parameters 
of adolescent swimmers. Our study shown that relative age 
is an important variable which might make differences in 
the physical performance of adolescent swimmers due to 
make differences in some anthropometrics and muscular 
strength. Previous research reported that children who 
are born in first months had better cognitive and physical 
development than their peers who are born in the last 
months of same year. This means that child and adolescent 
athletes who are born in the first quarter of the year tend 
to outperform those who are born in the last quarter of 
same year. 

Table 1. The comparison of physical characteristics between the relative age groups.

Variables Group n M SD t(38) p

Height (cm)
First Quarter 20 155.8 0.25

3.460 .001*
Last Quarter 20 152.9 0,26

Weight (kg)
First Quarter 20 46.5 2.52

0.825 .414
Last Quarter 20 47.1 1.59

BMI (kg/m2)
First Quarter 20 19.2 1.11

-3.323 .002*
Last Quarter 20 20.1 0.71

Note. *: p < .05

Table 2. The comparison of absolute muscular strength performance between the relative age groups.

Variables Group n M SD t(38) p

Back Stregth (kg)
First Quarter 20 36.20 2.63

1.878 .068
Last Quarter 20 34.86 1.80

Leg Strength (kg)
First Quarter 20 42.55 2.18

2.704 .010*
Last Quarter 20 40.35 2.91

Hand Grip Strength (kg)
First Quarter 20 16.36 1.38

3.352 .002*
Last Quarter 20 14.95 1.28

Note. *: p < .05

Table 3. The comparison of relative muscular strength performance between the relative age groups.

Variables Group N M SD t (38) p

Back Stregth (kg/body mass)
First Quarter 20 0.78 0.04

3.643 .001*
Last Quarter 20 0.74 0.03

Leg Strength (kg/body mass)
First Quarter 20 0.91 0.03

3.759 .001*
Last Quarter 20 0.86 0.06

Hand Grip Strength (kg/body 
mass)

First Quarter 20 0.35 0.03
3.818 .001*

Last Quarter 20 0.32 0.02

Note. *: p < .05
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Body composition and anthropometric characteristics 

are considered as important variables affecting 
performance in many sports. In literature, it is often stated 
that elite swimmers tend to tall and ecto-mesomorphic 
body type [21]. The results of our study indicated that 
adolescent well-trained swimmers who were born in 
the first quarter significantly taller than their peers who 
are born in the last quarter of 2004. In this respect, elite 
adolescent swimmers who are born in the first quarter 
of year are more likely to perform better performance in 
swimming competitions. 

Comparison of body weight of the adolescent 
swimmers who are born in first and last quarter shows no 
statistically significant difference. However, comparison 
of their BMI values indicated the BMI score of swimmers 
who are born in the first quarter was significantly lower 
than swimmers who are born in the last quarter. Previous 
researchers have reported that smaller body mass 
could provide an advantage for swimmers because the 
metabolic cost of horizontal forward motion would in 
principle increase with mass [21]. Also, they suggested 
that BMI was associated with athletic performance 
and physical fitness components in young swimmers 
[22]. In this respect, this result indicates that adolescent 
swimmers who are born in the first quarter may be more 
advantageous in terms of the body structure in swimming.

Previous study reported that individual strength or 
power activities including both individual sports, such as 
tennis, skiing swimming, wrestling, taekwondo and team 
sports, such as rugby, soccer, and hockey have shown to be 
particularly susceptible to RAE [2, 5, 23, 24]. The present 
study shown that there were statistically significant 
differences in the absolute leg and handgrip strength 
parameters and relative back, leg and handgrip strength 
parameters between swimmers who were born first and last 
quarter of the same year. These differences were in favour 
of swimmers who were born in the first quarter.  These 

results indicate the greater muscle growth in adolescent 
swimmers who are born in the first quarter. Muscular 
strength/power plays an important role in the swimmer 
to achieve swimming performance success. Moreover, 
arm, leg and back muscular strength are considered as 
important determinants of swimming performance [19, 
21]. Therefore, adolescent swimmers who are born in 
the first quarter may be more advantageous in terms of 
physical performance in swimming competitions.

Conclusion
As a result of this study, it is determined the relative 

age have been effects on the measured anthropometric 
and muscular strength parameters of adolescent well-
trained swimmers. Athletic performance in swimming 
is influenced by many factors such as; physical capacity, 
age (year), training level, motivation, health, genetic, and 
personal behaviors (physical activity level and eating 
habits). Additionally, our findings revealed that relative 
age is an important factor to be considered in swimming 
performance in adolescent swimmers. Therefore, the 
development and performance differences between 
adolescent swimmers who are born first quarter of the 
same year and their peers who are born last quarter of the 
same year should be taken into consideration by trainers 
and sports experts in swimming events and training. 
Future research should examine not only the effect of 
relative age on the physical parameters of swimmers but 
also their swimming performance in different swimming 
distance and style.
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