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Abstract
This study aimed to compare the anthropometric and physical characteristics of elite 15-, 16-, and 17-year-old 
male soccer players by playing position. We recruited 238 players under 17 years of age from Chinese professional 
soccer clubs. The measurements included body height and mass, body girth and length, and body composition. 
The countermovement jump (CMJ), T-test, and Yo-Yo intermittent recovery test level 1 (YYIR1) were used to assess 
physical ability. The results revealed that the U16 and U17 players had significantly greater body mass (p < 0.05), 
body height (p < 0.05), muscle mass (p < 0.05), lower limb length (p < 0.05), and chest girth (p < 0.05) than did 
the U15 players. Significant differences in calf girth (p < 0.001), thigh girth (p < 0.05), and Achilles tendon length 
(p < 0.05) were observed between the U17 group and U15 group. Additionally, the U16 group and U17 group both 
scored significantly better than the U15 group on the 5-m sprinting test, 20-m sprinting test, 30-m sprinting test 
(p < 0.001), single left jump test with arm swing (p < 0.001), single right jump test with arm swing (p < 0.001), T-test 
(p < 0.001), CMJ test (p < 0.001), and YYIR test (p < 0.001). Furthermore, U17 players performed significantly better 
on the CMJ test (p < 0.001) and YYIR test (p < 0.001) than U16 players did. This study revealed significant differences 
in body height, body mass, muscle mass, chest girth, lower limb length, ankle circumference, calf length, Achilles 
tendon length, 20-m speed, 30-m speed, and YYIR test results among the six playing position groups. Goalkeepers 
and central defenders had significantly greater body heights than players at other playing positions. Goalkeepers 
scored significantly lower on the YYIR test than players in other positions did. These findings revealed the 
anthropometric and physical characteristics of elite 15-17-year-old male soccer players in China, helping soccer 
coaches better understand the anthropometric and physical characteristics across ages and playing positions when 
selecting youth soccer players and optimizing soccer training programs. Moreover, youth soccer players can gain 
insights into their own strengths and weaknesses, enabling them to develop training for personal improvement.
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Introduction
The anthropometric and physical characteristics of soc-
cer players from different regions of China differ [1]. Soc-
cer requires players to accelerate, decelerate, and change 
direction to evade opponents, with repeated sprinting 
and jumping during match play. Owing to the special 
characteristics of soccer, anthropometric and physical 
characteristics are seen as key factors for performance 
and ideal playing positions [2–5]. 

Some studies have established anthropometric and 
physical parameters (e.g., percentage of body fat, 15-m 
sprinting, and Yo-Yo intermittent recovery (YYIR) tests) 
for identifying elite youth soccer players [6, 7]. There 
are significant differences in anthropometric and physi-
cal characteristics among soccer players of different ages 
(middle to late adolescence). Moreover, several anthro-
pometric and physical parameters can be used to effec-
tively screen elite athletes from nonelite athletes [6, 7]. 
For example, elite youth soccer players were found to be 
leaner than nonelite and unsuccessful players were, and 
muscle mass differed significantly among the players [8]. 
In terms of anthropometric and physical parameters, 
significant differences in physical performance were 
found with the maturation process [9, 10]. For example, 
the body height, body weight, percent body fat, and lean 
body mass of the older soccer players were greater than 
those of the younger age groups, and the increases in 
body height, body weight, and lean body mass between 
the older and younger age groups correlate with the phys-
ical development normally observed postpuberty [9]. 
It was also found that the older the age groups, the bet-
ter the performance (jumping, sprinting, and change of 
direction) [10]. However, with respect to body fat mass, 
some previous studies reported that the percentage of 
body fat mass tends to decrease with age [11] while other 
studies reported that the association between age and the 
percentage of body fat mass is unclear [12]. 

With respect to the position-specific fitness charac-
teristics of soccer players, previous studies have shown 
that agility, endurance, sprinting, lower limb strength, 
and anaerobic fitness differ across various positions [13, 
14]. In contrast, a previous study reported that playing 
position had no influence on agility (change of direction 
(COD) test), lower limb strength (countermovement 
jump (CMJ) test), sprinting speed, or anaerobic fitness 
[10]. With increasing age, playing position should also be 
included in the analysis of young soccer players’ charac-
teristics. Despite the emergence of studies on different 
age groups and playing positions, the differences among 
youth soccer players with various playing positions are 
still unclear. Given this, investigating the anthropomet-
ric and physical characteristics among various ages and 
playing positions is meaningful. Nonetheless, no studies 

on anthropometric and physical characteristics among 
youth elite Chinese soccer players were found.

On the basis of the above information, this study 
aimed to (1) analyze variations in anthropometric and 
physical characteristics among age groups (15-, 16-, and 
17-year-old soccer players) and (2) explore the anthro-
pometric and physical differences among various play-
ing positions (goalkeeper (GK), central defender (CD), 
external defender (ED), central midfielder (CM), exter-
nal midfielder (EM), and forward (FW)) among young 
elite Chinese male soccer players. Based on the previ-
ous studies, we hypothesized that significant differences 
in anthropometric and physical characteristics existed 
among the participants broken down by age and playing 
position.

Materials and methods
Inclusion and exclusion criteria
The inclusion criteria were male soccer players aged 
15-17 years and individuals who were active players at 
the elite level. The exclusion criteria included youth soc-
cer players who refused to participate in this study and 
players who had been injured in the past month and were 
unable to complete the performance measures.

Participants
A total of 238 elite male soccer players aged 15-17 years 
were recruited from Chinese professional soccer clubs 
and provincial soccer associations. The players aged 
15 years (n = 87) were allocated to the U15 group, the 
players aged 16 years (n = 99) were allocated to the U16 
group, and the players aged 17 years (n = 52) were allo-
cated to the U17 group. Participants in the U15, U16, and 
U17 groups had at least 3, 4, and 5 years of experience 
in soccer training, respectively. They trained an aver-
age of 4 days per week (80 min per session) and partici-
pated in one official match (90  min). The players were 
also divided into 6 groups according to position: the GK 
group (n = 20), CD group (n = 41), ED group (n = 48), CM 
group (n = 44), EM group (n = 65), and FW group (n = 20). 
All players were performing at a national tournament 
level and participated in all tests without injuries. A pri-
ori power analysis was conducted to calculate the sample 
size via G*power 3.1.9.2. For one-way analysis of vari-
ance (ANOVA), a minimum sample size of 156 partici-
pants was necessary to detect significant differences in 
the means of the physical characteristics of the three age 
groups, with the effect size calculated on the basis of the 
previous review (effect size = 0.29; power = 90%; two-tail 
α of 0.05) [15]. 

Anthropometric measurements and physical perfor-
mance tests were performed to collect the data of all 
the participants. The tests were performed in five cit-
ies of China (Weifang, Hangzhou, Wuhan, Beihai, and 
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Beijing) in the midseason period (September–Novem-
ber) of 2022. All participants were asked to maintain a 
regular diet during the testing week, fast for at least two 
hours before the test, and refrain from using depressants 
(e.g., alcohol) or any known stimulants (e.g., caffeine) 
for 24 h prior to the test. Prior to the measurement, the 
athlete had not undergone any training and had already 
defecated and urinated. To reduce measurement errors 
due to factors such as temperature and diet time, the 
anthropometric measurements were performed between 
09:00 and 11:00 in the morning, and the physical perfor-
mance tests were performed between 14:00 and 17:00 in 
the afternoon. The examiners included four PhD students 
and six sports science master’s degree students who were 
uniformly trained before the experiment. All the examin-
ers were familiar with the test process and had mastered 
all the test methods. To examine reliability between the 
examiners, coefficients of variation (CV) were all tested 
and showed high reliability (CV < = 3.47%). Before the 
test, the measurement equipment was unified and stan-
dardized, and it was strictly inspected and calibrated.

The study design, protocol, and risk were well known 
to the players and their legal guardians. This study was 
reviewed and approved by the Institutional Ethics Board 
of Tongji Medical College, Huazhong University of Sci-
ence and Technology, China (Notification Number 
[2023] IEC (S172)). This study followed the ethical prin-
ciples of the Helsinki Declaration for human research. 
Written informed consent forms were obtained from all 
the participants and guardians of the minors.

Anthropometric measurements
All the players’ anthropometric characteristics were 
measured. Body height (BH) was measured to the near-
est 0.1 cm using a portable stadiometer (Seca 217, Ham-
burg, Germany). Body mass (BM) was measured with an 

accuracy of 0.1 kg. Chest girth, calf girth, ankle circum-
ference, and thigh circumference were measured with an 
accuracy of 0.1  cm (circumference ruler, Donghuateng 
Sports Apparatus Ltd., Beijing, China), as were the lower 
limb length, Achilles tendon length, arm length, and fin-
ger distance (Martin ruler, Donghuateng Sports Appa-
ratus Ltd., Beijing, China). Body composition (e.g., fat 
mass, body fat, etc.) was measured with an Inbody 770 
(Biospace Co., Ltd., Seoul, Korea) (intraclass correlation 
coefficients ≥ 0.98) [16]. A third measurement was taken 
if there was more than a 5% difference between the first 
two measurements.

Physical performance tests
It was ensured that the number of participants in each 
test group was equal to the number of examiners, allow-
ing for individual measurements of participants during 
the tests. Players participated in the T-test after complet-
ing the Fédération Internationale de Football Associa-
tion (FIFA) 11 + warm-up activities as a group for 3 min. 
The testing schedule ensured that all participants had a 
3-minute interval between the T-test and the 30 m sprint 
test, between the 30 m sprint test and the CMJ test, and 
between the SLJ test and the Yo-Yo IR test. The interval 
between the CMJ test and the SLG test was 5  min. To 
ensure that the participants could recover adequately, all 
the participants to have time intervals between each trial 
of all the tests. The time intervals were as follows: (1) 30 s 
between each trial of the T-test, (2) 3 min between each 
trial of the 30-metre sprinting test, (3) 1  min between 
each trial of the CMJ test, and (4) 1  min between each 
trail of the SLJ test. The experimental protocol is shown 
in Fig. 1.

Fig. 1  Experiment protocol
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Sprinting performance
As in a previous study, a 30-m sprinting test was per-
formed on artificial turf using a photoelectric cell tim-
ing gate system (Smartspeed Pro, Fusion Sport, Brisbane, 
QLD, Australia) [17]. The gates were placed at 5 m, 10 m, 
20  m, and 30  m, and the time the participants passed 
through each gate was recorded. The standing partici-
pants were concentrating on the light start signal that 
would be shown 5 m from the first timing gate. As soon 
as they saw the signal, they sprinted at maximum speed 
while wearing soccer shoes. Strong verbal encourage-
ment was provided to each participant during the test. 
All the participants were asked to sprint for 30 m before 
slowing down. Each participant had two attempts and 
three minutes for recovery between the two tests. Finally, 
the shortest sprinting time was selected.

Jumping performance
The CMJ and single leg jump (SLJ) test were performed 
via a multifunctional jumping mat system (SmartJump, 
Fusion Sport, Brisbane, QLD, Australia) to evaluate the 
players’ jumping ability. The participants were instructed 
to stand on the platform (wearing shoes) in an upright 
position and then squatted to a self-selected depth prior 
to jumping vertically as explosively as possible; the play-
ers’ hands were fixed at the hips at all times during the 
CMJ test [18]. The participants had three attempts with 
1 min of recovery time between attempts. In the SLJ test, 
the participants stood in an upright position and then 
squatted to a self-selected depth prior to jumping verti-
cally with one leg; the participants’ hands hung freely, and 
they landed on the same leg. Three tests were performed 
for each leg, and the recovery time between attempts was 
1  min. A five-minute rest interval was allowed between 
the CMJ and SLJ tests for fatigue prevention. Finally, the 
best result (height) was selected for the data analysis.

T-test
A T-test was used to evaluate the players’ agility via rapid 
movements performed on artificial soccer turf [19]. In 
this test, participants started with both feet behind the 
starting line A. Each participant sprinted forward to cone 
B and touched its base with their right hand. Facing for-
ward and without crossing their feet, they shuffled left to 
cone C and touched its base with their left hand. They 
then shuffled right to cone D and touched its base with 
their right hand, shuffled back left to cone B and touched 
its base, and finally ran backward as fast as possible to 
return to line A. (Fig. 2). The modified measurement has 
been shown to be reliable and has an intraclass correla-
tion coefficient greater than 0.9 [20]. The best measure-
ment of the two tests was recorded via a photoelectric 
cell timing gate system (Smartspeed Pro, Fusion Sport, 
Brisbane, QLD, Australia).

Yo-Yo intermittent recovery test level 1 (Yo-Yo IR1)
The participants repeatedly ran back and forth between 
the starting and turning lines in the Yo-Yo IR1 until 
they became fatigued [21]. The speed was controlled by 
an audio beeps signal while running in a twenty-meter 
shuttle area, and the players actively recovered by jog-
ging within 10 s before each run in the recovery area. The 
participants’ running distance during the Yo-Yo IR1 was 
calculated by the trained coach when they failed twice 
to reach the front line in time. Each participant only had 
one attempt for this test.

Statistical analyses
All study data were analyzed with SPSS 25.0 software 
(SPSS Inc., Chicago, IL, USA). The Shapiro‒Wilk test was 
used to check the normal distribution of the data, con-
firming that all collected data followed a normal distri-
bution. One-way ANOVA was used to test for significant 
differences between age and position groups. The least 
significant difference (LSD) test was subsequently used 
as a post hoc test to compare two groups. Statistical sig-
nificance was considered at p < 0.05. The effect sizes (ESs) 
were also calculated with the following criteria: 0.04-0.25, 
small; 0.25-0.64, moderate; and 0.64-1.0, large [22]. 

Results
Tables  1 and 2, and Table  3 show the anthropomet-
ric and physical characteristics among the three age 
groups and the playing position groups. Table  1 shows 
that the U16 and U17 players had significantly greater 
body heights (p < 0.05) than the U15 players did. Com-
pared with the U15 group, the U17 and U16 groups had 
significantly greater muscle mass (p < 0.05), lower limb 
length (p < 0.05), and chest girth (p < 0.05) values. More-
over, with increasing age, significant differences in calf 
girth, thigh girth, and Achilles tendon length were found 
between the U17 group and the U15 group, whereas no 
significant differences were detected between the U17 
group and the U16 group. No significant differences were 
found in other anthropometric characteristics among the 
three age groups.

Table  1 reveals that the U16 group and U17 group 
both had better scores than did the U15 group on the 
speed test and had significantly faster 5-m, 20-m, and 
30-m sprinting speeds (p < 0.05). The results of the CMJ 
test, single left leg jump with arm swing, single right leg 
jump with arm swing, T-test, and YYIR test differed sig-
nificantly (p < 0.05) among the age groups; the players in 
the U16 and U17 groups scored significantly better than 
those in the U15 group did. Moreover, U17 players per-
formed significantly better on the CMJ test and YYIR test 
than U16 players did (p < 0.05).

Tables  2 and 3 show the anthropometric and physi-
cal characteristics variations among the 6 position 
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groups. Significant differences were found in body height 
(p < 0.001), body mass (p < 0.001), muscle mass (p < 0.001), 
chest girth (p < 0.001), lower limb length (p < 0.001), 
ankle circumference (p < 0.05), Achilles tendon length 
(p < 0.001), 20-m sprinting speed (p < 0.05), 30-m sprint-
ing speed (p < 0.05), and the YYIR test score (p < 0.001) 
among the 6 position groups. There were no significant 
differences in BMI, fat mass, waist‒hip ratio, thigh girth, 
5-m sprinting speed, 10-m sprinting speed, jump test, 
or T-test values across playing positions. GKs and CDs 
presented significantly greater body masses (p < 0.05) and 
body heights (p < 0.05) than other players did. GKs dif-
fered in terms of muscle mass (greater than that of other 
players except defenders, p < 0.05), lower limb length 
(greater than that of other players except CDs, p < 0.05), 
Achilles tendon length (greater than that of other players 
except CMs, p < 0.05), and calf length (greater than that 
of other players except CMs, p < 0.05) and scored signifi-
cantly lower on the YYIR (less than that of all other play-
ers, p < 0.05).

Discussion
This study investigated the anthropometric and physi-
cal characteristics and their variations among young 
male soccer players in various age groups (15, 16, and 17 
years old) and playing positions (GKs, CDs, EDs, CMs, 
EMs, and FWs) among elite Chinese young male soccer 
players. Some findings are as follows: (1) the U16 group 
and the U17 group both had better scores than did the 
U15 group on the speed test and had significantly faster 
5-m, 20-m, and 30-m sprinting speeds; (2) the CMJ test, 
single left leg jump test, single right leg jump test, T-test, 
and YYIR test scores differed significantly among the 
age groups; players in the U16 and U17 groups scored 
significantly better than did those in the U15 group, 
but no significant differences in the single left leg jump 
test, single right leg jump test, T-test, or YYIR test were 
found between the U16 and U17 groups; (3) there were 
significant differences in thigh girth between the U15 
and U17 groups; (4) the GKs and CDs presented signifi-
cantly greater body masses and body heights than did the 

Fig. 2  Agility T-test. The athlete runs forward from cone A to cone B, then shuffles to the left (cone C), then shuffles to the right (cone D), then shuffles 
back to point B, before running backwards to the start/finish position (point A)
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other players; and (5) with respect to the physical perfor-
mance test, there was a significant difference only in the 
Yo-Yo test score between GKs and players with all other 
positions.

Age group comparisons of anthropometric and physical 
characteristics
In this study, significant differences in body mass (U15 
vs. U16 vs. U17 players: 60.77 kg vs. 63.76 kg vs. 65.87 kg) 
and height (U15 vs. U16 vs. U17 players: 173.45  cm vs. 
176.10  cm vs. 177.08  cm) were observed among 15- to 
17-year-old soccer players. Similar results were reported 
in a previous study [14] of 14- to 18-year-old Hungarian 

Table 1  Descriptive and comparative analysis of anthropometric and physical performance characteristics among the three age 
groups
Parameters 15 yr(N = 87) 16 yr(N = 99) 17 yr(N = 52) F P ES η2

Body height [cm] 173.45 ± 6.302,3 176.10 ± 6.231 177.08 ± 5.521 7.03 0.001 0.442
Body mass [kg] 60.77 ± 9.112,3 63.76 ± 6.971 65.87 ± 6.831 7.54 <0.001 0.689
BMI [kg/m2] 20.17 ± 2.63 21.05 ± 4.64 21.76 ± 5.88 2.28 0.105 0.377
Muscle mass [kg] 29.68 ± 3.992,3 32.07 ± 3.521 33.37 ± 3.381 18.56 <0.001 0.527
Fat mass [kg] 7.62 ± 4.94 6.86 ± 3.20 7.16 ± 2.34 0.92 0.401 0.389
Waist–hip ratio [%] 0.80 ± 0.03 0.80 ± 0.04 0.80 ± 0.02 0.24 0.787 0.152
Chest girth [cm] 82.18 ± 5.552,3 84.26 ± 4.401,3 87.39 ± 4.371,2 18.86 <0.001 0.687
Lower limb length [cm] 86.37 ± 5.932,3 88.26 ± 4.801 89.93 ± 3.921 8.35 <0.001 0.545
Ankle circumference [cm] 21.87 ± 1.46 22.20 ± 1.43 22.06 ± 1.38 1.38 0.253 0.243
Calf length [cm] 45.20 ± 2.383 46.02 ± 2.51 46.47 ± 2.301 5.09 0.007 0.428
Thigh girth [cm] 53.68 ± 7.373 54.46 ± 3.95 56.58 ± 3.831 4.73 0.010 0.470
Achilles tendon length [cm] 26.16 ± 2.583 26.56 ± 2.36 27.77 ± 3.831 5.47 0.005 0.505
5 m speed [s] 1.67 ± 0.122,3 1.602 ± 0.071 1.60 ± 0.071 14.46 <0.001 0.656
10 m speed [s] 2.61 ± 0.29 2.588 ± 0.31 2.56 ± 0.29 0.42 0.655 0.822
20 m speed [s] 3.84 ± 0.272,3 3.699 ± 0.131 3.70 ± 0.141 14.04 <0.001 0.760
30 m speed [s] 5.14 ± 0.272,3 4.928 ± 0.181 4.90 ± 0.201 27.25 <0.001 0.778
CMJ [cm] 41.24 ± 5.632,3 43.54 ± 5.211,3 45.86 ± 6.101,2 11.52 <0.001 0.644
Single left jump [cm] 23.22 ± 4.372,3 25.37 ± 4.171 25.61 ± 3.891 7.92 <0.001 0.642
Single right jump [cm] 22.98 ± 4.122,3 25.51 ± 3.681 26.14 ± 3.951 14.07 <0.001 0.667
T-test [s] 11.55 ± 0.832,3 10.938 ± 0.561 10.74 ± 0.591 29.44 <0.001 0.674
YYIR test 1981.20 ± 477.102,3 2313.80 ± 494.401,3 2246.40 ± 547.301,2 23.77 <0.001 0.389
BMI: body mass index; CMJ: countermovement jump; YYIR: Yo-Yo intermittent recovery test; ES: effect size; 1: p < 0.05 compared with 15 year; 2: p < 0.05 compared 
with 16 year; 3: p < 0.05 compared with 17 year

Table 2  Descriptive and comparative analysis of anthropometric characteristics among the different playing positions
Parameters GK(N = 20) CD(N = 41) ED(N = 48) CM(N = 44) EM(N = 65) FW(N = 20) F P ESη2

Body height [cm] 181.77 ± 3.593,4,5,6 179.61 ± 5.123,4,5,6 174.95 ± 4.611,2 174.55 ± 6.391,2 171.98 ± 5.751,2 173.83 ± 6.231,2 16.06 <0.001 0.475
Body mass [kg] 69.07 ± 7.734,5,6 67.24 ± 6.774,5,6 64.37 ± 6.475 61.01 ± 7.821,2 60.05 ± 8.491,2,3 60.41 ± 5.511,2 8.87 <0.001 0.793
BMI [kg/m2] 20.87 ± 2.08 20.84 ± 1.87 21.04 ± 2.27 20.03 ± 2.09 21.66 ± 7.68 20.00 ± 1.42 0.91 0.474 0.329
Muscle mass [kg] 43.29 ± 4.324,5,6 33.63 ± 3.544,5 31.86 ± 2.69 30.34 ± 4.101,2 29.98 ± 3.871,2 30.74 ± 3.401 8.52 <0.001 0.603
Fat mass [kg] 7.24 ± 3.46 7.73 ± 3.29 7.94 ± 5.06 7.04 ± 3.44 6.77 ± 3.71 6.08 ± 2.07 1.05 0.388 0.433
Waist-hip ratio 
[%]

0.80 ± 0.04 0.79 ± 0.04 0.81 ± 0.03 0.80 ± 0.03 0.80 ± 0.03 0.79 ± 0.02 0.69 0.634 0.054

Chest girth [cm] 86.67 ± 4.415,6 85.51 ± 4.305 86.57 ± 5.034,5,6 82.78 ± 5.553 82.50 ± 5.121,2,3 81.86 ± 3.671,3 7.07 <0.001 0.585
Lower limb 
length [cm]

92.46 ± 3.553,4,5,6 89.85 ± 7.935 88.51 ± 3.291,5 87.97 ± 4.501 85.37 ± 3.831,2,3 86.37 ± 4.421 8.99 <0.001 0.616

Ankle circumfer-
ence [cm]

22.48 ± 1.42 22.62 ± 1.575 22.26 ± 1.16 22.82 ± 1.56 21.68 ± 1.252 21.82 ± 0.91 3.44 0.005 0.237

Calf length [cm] 47.99 ± 2.153,4,5,6 46.74 ± 2.665 46.13 ± 1.851,5 45.90 ± 2.231,5 44.53 ± 2.361,2,3,4 45.04 ± 2.051 9.96 <0.001 0.489
Thigh girth [cm] 55.90 ± 4.03 55.85 ± 4.19 55.23 ± 7.17 53.89 ± 4.60 53.34 ± 4.93 55.30 ± 7.53 1.68 0.141 0.514
Achilles tendon 
length [cm]

29.25 ± 4.272,3,5,6 27.03 ± 2.281 26.58 ± 1.811 27.07 ± 3.61 25.87 ± 2.331 25.44 ± 2.481 5.85 <0.001 0.500

GK: goalkeeper; CD: central defender; ED: external defender; CM: central midfielder; EM: external midfielder; FW: forward; BMI: body mass index; ES: effect size; 1: 
p < 0.05 compared with GK 2: p < 0.05 compared with CD 3: p < 0.05 compared with ED 4: p < 0.05 compared with CM 5: p < 0.05 compared with EM 6: p < 0.05 compared 
with FW
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male soccer players (U15 (body height: 171.83 cm; body 
mass: 61.52  kg), U16 (body height: 177.72  cm; body 
mass: 66.97  kg), and U17-18 (body height: 182.38  cm; 
body mass: 72.16  kg) players). Similar results were also 
reported in previous studies of youth soccer players’ body 
heights and weights [8, 11, 23]. The variations in body 
size in the present study support the findings of previous 
studies that sports have beneficial effects on growth [24]. 
Moreover, significant differences in muscle mass were 
detected among 15- to 17-year-old soccer players which 
is in line with the previous studies [12, 25] while no sig-
nificant differences in fat mass were found, in line with 
the previous study [12]. 

In this study, U17 players presented significantly 
greater thigh girth than U15 players did. During soccer 
games, thigh girth plays a vital role in ensuring excel-
lent physical resistance when playing against opponents. 
Moreover, a positive correlation between thigh girth 
and sprinting ability has been revealed [26, 27]. Signifi-
cant differences in thigh girth were found between U17 
players and U15 players (p < 0.05), whereas no such sig-
nificant differences were found between U17 players and 
U16 players or between U16 players and U15 players. We 
suspected that physical maturation from 15 to 17 years 
of age, along with chronic sport-related training during 

this time, was the reason for the difference in thigh girth 
between U15 and U17 players.

The results of this study revealed significant differences 
in physical test results among the age groups (p < 0.001), 
except the results of the 10-m sprinting test (p = 0.655). 
Moreover, the results of the soccer players aged 15 to 17 
years on all the speed, lower limb jump, and agility tests 
also revealed a consistent trend toward better perfor-
mance scores with increasing age, which is in line with 
the findings of previous studies [10, 28–30]. 

Agility is vital to perform rapid whole-body movements 
with a change in velocity or direction in response to a 
stimulus [31]. Lower limb strength, speed, and agility are 
specific abilities of soccer players, and there is a positive 
relationship among these three abilities [32–34]. For this 
reason, speed, agility, and lower limb strength showed 
similar trends in this study. Another possible explanation 
for the increase with age from 15 to 17 years is the growth 
and maturation during late puberty. [35] In addition, the 
muscle mass of young male athletes increased more rap-
idly after the age of 16 years. [36] For the above reasons, 
the results for agility, lower limb power, and speed tests 
revealed that older players tended to perform better in the 
present study.

Table 3  Descriptive and comparative analysis of physical performance characteristics among the different playing positions
Param-
eters

GK(N = 20) CD(N = 41) ED(N = 48) CM(N = 44) EM(N = 65) FW(N = 20) F P ESη2

5 m 
speed 
[s]

1.67 ± 0.10 1.64 ± 0.10 1.61 ± 0.11 1.63 ± 0.08 1.61 ± 0.08 1.64 ± 0.13 1.72 0.130 0.709

10 m 
speed 
[s]

2.64 ± 0.32 2.55 ± 0.287 2.69 ± 0.32 2.55 ± 0.26 2.59 ± 0.32 2.49 ± 0.22 1.83 0.108 0.755

20 m 
speed 
[s]

3.84 ± 0.16 3.76 ± 0.16 3.75 ± 0.22 3.80 ± 0.27 3.70 ± 0.16 3.71 ± 0.19 2.59 0.027 0.742

30 m 
speed 
[s]

5.13 ± 0.23 4.99 ± 0.24 4.97 ± 0.26 5.08 ± 0.25 4.95 ± 0.22 4.96 ± 0.24 2.90 0.015 0.811

CMJ 
[cm]

44.07 ± 5.27 42.64 ± 5.78 44.73 ± 5.92 41.58 ± 6.10 43.13 ± 5.50 43.58 ± 6.01 1.55 0.175 0.730

Single 
left 
jump 
[cm]

25.10 ± 3.81 24.88 ± 3.79 24.88 ± 4.12 23.40 ± 4.28 24.81 ± 4.63 25.25 ± 5.16 0.93 0.461 0.729

Single 
right 
jump 
[cm]

25.23 ± 3.96 24.66 ± 3.51 25.25 ± 4.24 23.78 ± 4.21 24.67 ± 4.27 25.37 ± 4.51 0.78 0.567 0.636

T-test 
[s]

11.39 ± 0.65 11.12 ± 0.74 10.92 ± 0.81 11.14 ± 0.90 11.18 ± 0.65 11.10 ± 0.71 1.32 0.256 0.669

YYIR 
test

1705.30 ± 668.002,3,4,5,6 2250.50 ± 557.901 2465.50 ± 483.601 2223.60 ± 537.501 2214.80 ± 480.401 2390.00 ± 438.001 6.17 <0.001 0.390

GK: goalkeeper; CD: central defender; ED: external defender; CM: central midfielder; EM: external midfielder; FW: forward; BMI: body mass index; CMJ: 
countermovement jump; YYIR: Yo-Yo intermittent recovery test; ES: effect size; 1: p < 0.05 compared with GK 2: p < 0.05 compared with CD 3: p < 0.05 compared with 
ED 4: p < 0.05 compared with CM 5: p < 0.05 compared with EM 6: p < 0.05 compared with FW
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The Yo-Yo IR1 test is frequently used to measure aer-
obic capacity; during this test, athletes must reply on 
aerobic energy supply systems to exercise with high 
intensity and recover in the period between repeated per-
formances [21, 37]. A previous study reported that the 
distances in the Yo-Yo IR1 test differed with increasing 
age in U15, U17, and U19 high-level youth soccer play-
ers [38], which is similar to the findings of this study. An 
increase in the aerobic capacity of male adolescents was 
significantly related to their physical development (age, 
height, and weight) [39]. Moreover, the VO2 peak of male 
youth athletes increased rapidly until the age of 18, which 
caused a difference in the aerobic capacity of young ath-
letes among age groups through the combination of 
growth, development and training [40]. These findings 
support our results that older players performed better 
on the Yo-Yo IR1 test.

Comparisons of anthropometric and physical 
characteristics among playing position groups
With respect to anthropometric characteristics (e.g., 
body mass and body height), a previous study reported 
that the GK group presented a significantly greater body 
height than the other groups did, contributing to GKs 
having a high reach and covering a large part of the goal, 
which is necessary to efficiently prevent opponents from 
scoring [41]. Similar to GKs, CDs have been reported to 
present greater body height and body mass than players 
in other positions [8]. Similar to the previous study, in 
this study, GKs and CDs presented significantly greater 
body heights than players in other positions did and pre-
sented significantly greater body masses than CMs, EMs, 
and FWs did. Players who have a greater body height and 
mass are more suitable for meeting the requirements of 
the GK and CD positions [8]. However, a previous study 
on the anthropometric characteristics of Belgian soccer 
players in top-level playing positions reported that FWs 
had greater body heights and masses than did midfielders 
and EDs [41]. Therefore, we inferred that the differences 
in anthropometric values among soccer players with dif-
ferent playing positions are caused mainly by the identifi-
cation criteria of the coaches. Additionally, in this study, 
there were significant differences (p < 0.001) in body 
height, body mass, muscle mass, chest girth, lower limb 
length, calf length, and Achilles tendon length among the 
six playing position groups (GKs, CDs, EDs, CMs, EMs, 
FWs). Different needs across the six playing positions 
lead to different anthropometric characteristics [42]. 

Generally, the running characteristics of GKs in soc-
cer matches are different from those of players with other 
playing positions [43]. GKs run shorter distances dur-
ing soccer matches and have significantly lower maximal 
oxygen consumption (VO2max) [42]. Consistent with the 
results obtained in previous studies, GKs scored lower 

on the Yo-Yo IR1 test in the present study. In addition, 
previous studies reported that the mean VO2 max values 
of elite Belgian soccer players were as follows: EDs > mid-
fielders > FWs > CDs [42], which is similar to the results 
of this study, in which EDs performed best on the Yo-Yo 
IR1 test.

Limitations and future directions
The main limitation of this study is that the data did not 
involve motion analysis, which provides valuable infor-
mation on adolescent soccer players’ physical character-
istics in soccer matches, and only an in-depth analysis 
of the anthropometric and physical characteristics of 
adolescent male soccer players was conducted. The sec-
ond limitation was that all tests were performed in the 
midseason period, but players’ performance may vary 
between the preseason and midseason. What’s more, the 
biological maturation which may affect the variables of 
the study was not measured. Thus, in future research, it 
is necessary to explore whether there is a significant dif-
ference in anthropometric and performance character-
istics between the preseason and midseason. Moreover, 
it is also necessary to perform motion analysis to study 
the characteristics of soccer players with various play-
ing positions, ages, biological maturation, and competi-
tive levels. The outcomes provide coaches with data for 
training and selecting youth soccer players, helping them 
optimize individual training programs according to the 
characteristics and demands of various age groups and 
playing positions.

Conclusion
Comparisons of anthropometric characteristics revealed 
significant differences in body height, body mass, muscle 
mass, chest girth, lower limb length, ankle circumference, 
calf length, and Achilles tendon length among players in 
various playing positions. In the comparisons of physical 
performance, the GKs scored significantly lower on the 
YYIR than the other players did. The CMJ test, single left 
leg jump test, single right leg jump test, T-test, and YYIR 
test scores differed significantly among the age groups. 
The U16 group and U17 group both had better scores 
than did the U15 group on the speed test.

The findings of this study provide anthropometric and 
physical profiles of Chinese male youth soccer players, 
helping coaches better understand the anthropomet-
ric and physical characteristics of various age groups 
and playing positions in selecting and recruiting youth 
soccer players. It may be useful for coaches to optimize 
individual trainings according to the anthropometric and 
physical characteristics of various age groups and playing 
positions.
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