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Featured Application: Understanding and researching the characteristics of adolescent athletes
can contribute to enhancing the scientific level of training and talent identification. This study
examined the anthropometric measurements and physical performance characteristics of female
and male throwers from different age groups (14-18 years). Additionally, correlations among spe-
cific throwing strength and anthropometric and physical performance were analyzed, and regres-
sion models were established. The study reveals that boys aged 14-18 show higher trainability
in overall athletic ability that requires multifaceted development. Girls, during the same period,
experienced a significant improvement in agility. Agility, speed, strength, and explosive power
are crucial qualities for specialized throwing development.

Abstract: Purpose: The aims of this study were: (1) to profile anthropometric, physical fitness, and
specific throwing strength characteristics among 14-18 years boys and girls throwers; (2) to evaluate
which factors vary with age, and which correlate with specific throwing strength; (3) to identify the
measured variables that best predict specific throwing strength. Methods: Anthropometric, physical
fitness, and specific throwing strength of 154 boys and 104 girls, who participated in track-and-field
throw (Shot put, Javelin, Discus and Hammer throw) from four age categories (U15, Ule6, U17,
U18), were measured in September 2022. The differences and correlations in parameters among
different age, sex and throwing groups were analyzed using parametric and non-parametric testing.
Multivariate linear regression analysis was used to identify the variables that best explain the specific
throwing strength. Results: Disparities in height between boys and girls of the same age have
consistently existed, however, the dissimilarity in weight tends to diminish as they grow older. Boys
and girls of identical age groups exhibit noteworthy disparities in terms of speed, agility, and jumping
prowess. These disparities tend to amplify as they advance in age. Significant differences were
observed among boys of different ages in Height (p = 0.038), Body Mass (p = 0.02), BMI (p = 0.025), sit
and reach test (p = 0.035), standing long jump (p = 0.012), standing triple jump (p < 0.01), forward
overhead medicine ball throw (p = 0.002) and the hexagon agility test (p < 0.01). No differences were
found in anthropometric measurements among girls, but differences were found in the hexagon
agility test (p = 0.017) and plank test (p = 0.041). Specific throwing strength exhibits variations due to
differences in events, age, and gender. Additionally, physical fitness performance, especially lower
limb power, linear sprint speed, forward overhead medicine ball throw and backward overhead shot
throw, have a high correlation with specific throwing strength. Conclusions: These findings broaden
the existing knowledge base for coaches and practitioners, enabling them to discern the distinctive
attributes of track and field throwers and capture the crucial physical markers that are pivotal for
nurturing the progression of track-and-field throwers. The study suggests that throwers aged 14 to
18 should strive to comprehensively cultivate their athletic abilities.
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1. Introduction

Track and field throwing sports, including shot put, javelin, discus, and hammer throw,
are Olympic sports with a rich history and global participation [1]. No matter what kind of
equipment and rules, executing a throw requires the proper and synchronized functioning
of the entire kinetic chain musculature, which enables the creation of a harmonized move-
ment pattern that facilitates the transmission of force [2]. Going further into the matter, the
development of athletic skills and sport-specific performance is built upon a foundation of
excellent physical fitness [3], body composition and somatotype characteristics [4]. Scholars
have progressively acknowledged the crucial significance of sport-specific anthropometric
and physical measurement values in the realm of competency assessment [5,6]. Due to
the specialized nature of the throwing motion, its fitness characteristics is significantly
different from other sports [4,7], thus emphasizing the necessity of sport-specific charac-
teristic studies. There have been some reports on the physiological and anthropometric
characteristics of adult and elite athletes [8,9]. However, the performance and biology of
adolescent track-and-field athletes is different. For example, arms and legs strength [10]
and explosiveness [11] were demonstrated to highly correlate with throwing performance,
but these fitness’s have a different age-growth curve [2,12]. Combined with the differences
in the rules of game for youth throwing athletes, it suggests that adolescent throwers may
have different core fitness attributes compared to adult athletes. Additionally, although
laboratory tests are precise in measuring physiological factors and controlling variables, it
is time-consuming and expensive. Field tests, designed for specific sports, are more specific
and feasible, especially for the youth [13]. Thus, using a reliable field test among different
age groups could provide valid information for assessing the athletic performance of youth
throwing athletes.

On the other hand, human development exhibits gender differences, necessitating the
implementation of appropriate training methods tailored to these specific variations. The
clarity of sex difference helps establish achievable objectives and devise tailored training
regimens. Some studies reported sex differences in growth and performance among track
and field athletes [14,15]. However, no published studies to date have investigated an-
thropometric and field test performance characteristics among juvenile throwing athletes.
Furthermore, although achieving top-level at a young age might not a prerequisite for
future achievements [16,17], morphological and physical fitness assessments can aid in
distinguishing [18] and transferring [19] young athletes into specific sports. While the
development and sustained success of elite athletes is influenced by numerous complex fac-
tors, the strategy of guiding young athletes toward suitable sports based on their individual
talents seems feasible in their formative years.

A comprehension of the expected of the anticipated variations in age and gender
is indispensable for coaches and practitioners. Accordingly, considering the scarcity of
anthropometric and physical value research concerning juvenile throwers, the perspective
of practitioners is limited. The objectives of this study were: (1) to profile the anthropomet-
ric, physical fitness, and specialized throwing strength characteristics of male and female
throwers aged 14 to 18 years; (2) to identify which factors vary with age and correlate these
with specific throwing strength; (3) to determine which anthropometric and physical fitness
variables could explain the variance in the specific throwing performance.

2. Materials and Methods
2.1. Participants

A total of 356 adolescents (218 males and 138 females) were recruited from thirty-two
training units in China. On average, all athletes completed 15-20 h of specific-throwing and
physical training each week, with a training background of over 2 years. All participants
have experience in participating in provincial-level or higher competitions. Age of the
subjects was recorded based on their date of birth and the testing date, and they were
grouped into four age groups: 14-15, 15-16, 16-17, and 17-18. This study was conducted in
accordance with the Helsinki Declaration and received approval from the Ethics Committee
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of the China Institute of Sport Science. All athletes signed informed consent for testing
(under the supervision of the coach and guardian), and obtained consent from parents and
training institutions. Participants with injuries or those who had experienced sports-related
injuries within the past three months (athletes, coaches, team doctors actively report) were
excluded from this study. Considering missing data and subjects who did not complete all
tests, 248 subjects (154 boys and 104 girls) were finally included in the study.

2.2. Experimental Design and Data Collection

The study recruited youth throwers of different ages (14-18 years) and genders. A
series of standardized measurements and tests were conducted. Given the number of par-
ticipants, the testing was conducted in batches, and all tests were concluded before the end
of September 2022. The tests commenced at 9 AM. The first day included anthropometric
and physical fitness tests, while the second day focused on specific throwing strength tests
(Figure 1). All subjects received standardized training and explanations prior to the test.
The measurements and tests were conducted by the same group of individuals, comprising
over 20 individuals with backgrounds in sports science and coaching. Conducting pre-
testing training for experimenters to standardize the testing procedures. The same group
of experimenters conducted each test on athletes to ensure measurement consistency. All
subjects followed the prescribed warm-up procedure, which included jogging, dynamic
stretching, activation, and potentiation techniques [20]. On the first day, in the morning, all
participants underwent anthropometric measurements, followed by physical fitness testing
in the afternoon. The tests were conducted in the order indicated in Figure 1, ensuring that
the completion of one test did not adversely affect performance in subsequent tests [21]. On
the second morning, specialized throwing strength testing was conducted. We documented
the results of all participant tests according to the specified requirements of each test.

2.3. Assessment of Anthropometry

The subjects followed a standardized procedure for measuring height (Height Tester,
Donghuateng Sports Apparatus Ltd., Beijing, China) and weight (calibrated Seca Alpha
770) [22]. We recorded the measured data and specified the results to one decimal place.
Additionally, we employed the sit and reach test, known for its high reliability [23], to
assess back and leg flexibility [24]. Furthermore, we calculated the body mass index (BMI)
of each athlete by dividing their weight by the square of their height (kg-m~2).

2.4. Assessment of Physical Performance
2.4.1. Hexagon Agility Test

The hexagon test is an agility measure that has shown high test-retest reliability
(ICC =0.938, p < 0.001) [25]. The participant stands with their feet together in the middle of
a hexagon measuring 60 cm per side and with 120-degree angles, facing forwards during
the course of the test. When the starting whistle is heard, the participant hops with both
legs from the center of the hexagon in a clockwise direction. Once the participant completes
three full revolutions (18 jumps) around the hexagon, the stopwatch [26] is stopped, and
the time is recorded. Each subject was tested three times, and the fastest time was recorded.
The minimum time unit is one-hundredth of a second. A rest interval of 3-5 min was
provided between each test. Rigorous training to the experimenters and standardized
testing procedures was provided to reduce human errors [26].

2.4.2. Standing Long Jump and Standing Triple Jump

Some studies have reported that standing long jump [27] and standing triple jump [28]
can assess the lower limbs strength and power [29], and they are highly correlated with
anaerobic output capacity in the youth. Participants were instructed to wear sneakers on a
running track and stand behind the jumping line, then jump forward as fast as possible
with an arm swing. All athletes performed three attempts of the long jump and three
attempts of triple jump, starting from the edge of the jumping line with one minute rest
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between each trial. Standardized instructions were provided before testing. The distance
between the jump line and the closest landing point, where any part of the body made
contact with the ground, was measured with a minimum unit of 1 cm. The maximum
distance was recorded.

L
FIRST DAY
Q Anthropometric
measurements
Height Body Mass Sit and reach test
L
Recovery 3-5 Recovery 3-5 Recovery 3-5
% minutes . minutes f minutes
Hexagon agility test Standing long jump and Forward overhead Backward overhead
Standing triple jump medicine ball throw shot put throw
Physical
Recovery 3-5 P fitness
minutes
tests
o Recovery 10-15 Recovery 10-15 Retovery10:15
X minutes minutes minutes .
20001 £ Planle test Pull up 30m sprint and 60m sprint ’
SECOND DAY
-
Special
P throwing
strength
Shot put— Discus throw— Javelin throw— Hammer throw—

power position power position power position power position

Figure 1. Experimental design.

2.4.3. Forward Overhead Medicine Ball Throw (FOMB) and Backward Overhead Shot
Throw (BOST)

Backward overhead shot put throw [30], backward overhead medicine ball throw
(BOMB) [31,32] and forward overhead medicine ball throw have been reported as effective
tests for assessing the throwing performance and whole-body explosiveness for throwers
in athletics [33]. The test-retest reliability of the FOMB was previously reported with a
high Intraclass correlation coefficient (ICC) of 0.8403 (p < 0.01) [34], and the BOMB had an
ICC of 0.996 (p < 0.01) [35]. The subject stood at a line, positioning their feet parallel and
slightly separated while facing (facing away from) the throwing direction. They held the
ball (Table 1) with both hands in front of the body and the entire body coordinated to exert
force and complete the action of throwing the solid ball forward (or backward) with both
hands. Three attempts were granted and the longest distance was recorded.
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Table 1. Weight of throwing equipment.
Under 16 Years Under 18 Years
Test Male Female Male Female
FOMB 4kg 3kg 5kg 3kg
BOST 4kg 3kg 5kg 3kg
Shot put 4kg 3kg 5kg 3kg
Discus throw 1kg 1kg 15kg 1kg
Javelin throw 600 g 500 g 700 g 500 g
Hammer throw 4kg 3kg 5kg 3kg

2.4.4. Linear Sprint

Rumpf [36] reported the reliability of overground sprint running assessments in youth.
Therefore, we conducted 30 m and 60 m sprints to evaluate the linear sprint ability of
athletes. Athletes stood 1 m behind the start line (which triggered the Photoelectric timing
system) using either a 3-point start position or a standing start position, and sprinted for
30 m and 60 m. Each person had two attempts, and rested for 3-5 min between each test.
The best results from the 30 m sprint and 60 m sprint are included in the analysis.

2.45. Pull Up

The pull-up test is considered an effective test for assessing upper body strength,
particularly the strength of the upper back, arms, and shoulders [37]. The subject holds the
bar with both hands placed squarely (palms forward), slightly wider than shoulder width.
They raise themselves until the chin clears the bar, then lower themselves until the elbows
are fully extended and in a hanging position, without any swinging motion. The maximum
number of performed pull-ups was recorded.

2.4.6. Plank Test

The plank test is used to assess core muscle endurance and has demonstrated high
test-retest reliability with an ICC of 0.99 [38]. The participant started in a prone position
on the ground, supported by the body with the elbows, forearms and feet. The elbows
were kept perpendicular to the floor, the hips lifted up, and the body remained in a straight
line from head to heels. Once the participant assumed the “plank” position, the stopwatch
was started. The test continued until the participant could no longer maintain the correct
position. The test time was recorded in seconds.

2.4.7. 2000 m Run Test

Various forms of field test, like running [39], have been used to assess endurance [40].
VACLAYV [41] suggests that the 2000 m run is an effective and simple field test for evaluating
aerobic capacity. Participants started behind a starting line, and began running upon
hearing the whistle. They completed the 2 km running in the shortest possible time. The
finish time was recorded as “minute: second. millisecond” (mm: ss.00). Finally, all finish
times were converted to minutes.

2.5. Assessment of Specific Throwing Strength

In order to minimize the impact of technology on throwing performance, we employed
the power-position (without run-up, rotation, or glide) technique to assess the specific
strength of youth athletes in shot put and discus. Previous studies have utilized power-
position throwing to evaluate performance [8,42]. Furthermore, considering the importance
of run-up speed in javelin [43] and release velocity in hammer throw [44], in determining
the final throw distance, it is evident that the leg muscles play a significant role in generating
force. Javelin athletes utilize a crossover stride technique without run-up for their throws,
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while under-16 hammer throwers execute one spin before releasing the hammer, and
under-18 hammer throwers perform two spins before releasing the hammer.

Briefly, after a warm-up, athletes performed his/her own specialty in the prescribed
way. Each athlete performed six throws, and the best result was recorded. A break of
3-5 min was provided between each testing session. Athletes of different ages used different
weights of equipment (Table 1).

2.6. Statistical Methods

Descriptive statistics and test for differences, correlation analysis and multiple regres-
sion analysis were processed using IBM SPSS (Version 27, Chicago, IL, USA). To assess the
Gaussian distribution of the measured data, the Shapiro-Wilks test was used [45].

Differential analysis was conducted on the collected anthropometric and physical
fitness test data. Firstly, the data was grouped by age, and for normally distributed data, a
one-way analysis of variance (ANOVA) was performed. Multiple pairwise comparisons
within each group were conducted using the Least Significant Digit (LSD) [46]. For Non-
normal distribution data, a non-parametric test (Kruskal-Wallis H test, K-W H test) was
conducted. Secondly, the data was grouped by gender. For normally distributed data, an
independent sample t-test was performed, while for non-normal distribution data and
potential violations on the assumption of homogeneity of variances, the Mann-Whitney
U test was conducted. Spearman correlation analysis was conducted to examine the rela-
tionships among anthropometric measurements, physical fitness performance, and specific
throwing strength. Finally, the differences of specific throwing strength were analyzed
according to event classification. All the indicators are included in the stepwise regression
analysis [47] to establish a predict model for specific throwing strength. The effect size of
correlation is r, r = 0.1-0.29 = small, 0.3-0.49 = medium, 0.5-0.69 = large, 0.7-0.89 = very
large, 0.9-0.99 = almost perfect, and 1 = perfect [46]. The level of significannce was set
at 0.05.

3. Results
3.1. Differences of Anthropometric and Physical Fitness Measurements among Different Age
Groups and Sex

As shown in Table 2, various testing indicators among adolescent throwers aged 14-18
exhibit distinct differences. Morphological and physical fitness indicators vary to different
extents among boys and girls of the same age. Height differences persist consistently
(p < 0.01); weight differences disappear at ages 17-18; lower limb flexibility differences
vanish around ages 16-17; agility only exhibits differences at ages 17-18 (p < 0.01); jumping
ability consistently displays significant differences (p < 0.01); FOMB and BOST differences
gradually diminish at ages 16 and 17; sprint speed remains different consistently (p < 0.01);
and aerobic endurance differences persist throughout (p < 0.01).

Moreover, significant anthropometric differences were observed only among boys of
different ages in Height (F =2.88, p = 0.038), Body Mass (H = 14.964, p = 0.02), BMI (F = 3.208,
p = 0.025), and the sit and reach test (H = 8.631, p = 0.035). After conducting pairwise
comparison, differences in height were found for boys aged between 14-15 (p = 0.017) as
well as 14-16 (p = 0.008); in Body Mass between ages 14-15 and 15-16 (p = 0.01), as well
as 14-15 and 16-17 (p = 0.014); in BMI between ages 14-15 and 15-16 (p = 0.008); and in
the sit and reach test between ages 14-15 and 16-17 (p = 0.033), as well as 14-15 and 17-18
(p =0.019).



Appl. Sci. 2023, 13, 10118 70f 15

Table 2. Descriptive statistics and comparisons of anthropometric, physical fitness measurements for adolescent throwers.

14-15 Years (n = 81) Statistical 15-16 Years (1 = 76) Statistical 16-17 Years (n = 59) Statistical 17-18 Years (n = 31) Statistical r- p-
Variable Sex H thesi H thesi H thesi H thesi
M SD  Median oo M SD  Median ooune M SD  Median  ogune SD  Median  oatina . ae Vo
. Boys 17932 654  180.00 . 18270 632 18200 . 18336 797  183.00 . 18144 424 183.00 . 0.038
Height (cm) Girls 17123 539  172.00 6.07a 17152 701 171.00 6.99a 17157 704 17400 5.18a 17395 556 17425 4.04a 0.550
Boys 7948 1588  75.00 9201 1926  90.00 .. 8955 1797  89.50 8680 1543  83.00 0.002
Body mass (kg) Girls 7276 1380  70.00 2.03a% 7272 1286  70.00 —4.14b 7983 1683 8500 2.03a* 8005 1678  75.00 —1.09% 0.261
) Boys 2426 441 2335 2694 432 27.00 2692 432 2775 2511 676 2550 0.025
2 *
BMI (kg-m™) Girls 2480 447 2400 —0.54a 2470 353 2350 2.24a 2577 470  23.80 0.94a 2725 475 2740 —0.95a 0.305
. Boys 1718 551 18.00 1855 538  18.00 1968 721 2005 2078 408 2005 0.035
Sitandreachtest (cm) A0 5071 363 21.00 =325 o104 460 2000 2830 o57 442 2400 —147b 2150 678 2500 —1.03p 0.288
N Boys 1480 143 1490 1422 156 1400 1348 182 1325 1269 115 1250 .. <001
Hexagonagility test(s) s 1497 198 15.00 —0.69 1489 206 1470 —1.58a 1386 261 1350 —0.96b 1443 134 1415 —3.57b 0.017
. . Boys 249 022 250 257 021 2.60 261 026 2.66 264 018 2.69 0.012
Standing longjump (m) A0 503 0.27 230 —4.520 % 229 022 230 —446b ™ 219 032 230 —453b* 227 026 227 =376 80
o Boys 733 0.0 7.50 . 758 064 7.65 779 079 7.95 . 788 078 8.10 .. <001
Standing triplejump (M) HAC ¢35 (5 6.36 —5.61b 649 053 6.50 7.340 650 093 6.82 —4.77b 659 077 6.59 —3.04p 0.188
Forward overhead Boys 1273 202 1286 sy 413 187 1400 sy 1321 229 1362 > 700+ 1380 191 13.69 175 0.002
medicine ball throw (m) ~ Girls 1191 154 1225 =2 1226 160 1245 —4 1167 166 1158 70a 1245 140 1290 750 0.137
Backward overhead shot ~ Boys 1532 329 1515 sy 1659 234 1685 - 1536 390  16.00 L708 1557 192 1530 0.6% 0.152
put throw (m) Gifls 1330 223 13.00 -3 1370 254 1400 91a 1387 238 1384 : 1460 241 14.60 —0. 0.396
. Boys 441 038 440 . 432 028 430 434 036 427 W 423 03l 420 0.304
30 m sprint (s) Girls 481 0.50 480 —4.022% 487 043 490 —5.04p ™ 485 0.4 475 —4.662 472 0.41 462 34107 4513
. Boys 816  0.68 8.00 808 059 8.00 . 803 064 8.07 779 065 7.64 0.116
60 m sprint (s) Gids 901 075 8.80 —5.15p * 9.00 09 8.89 —6.231 930 131 8.90 —3.87p 895 090 8.67 33207 g9
Boys 855 523 8.00 924 606 9.00 . 889 523  10.00 1133 908  10.00 . 085
Pull up (reps) Girls 651 442 6.00 1.89a 6.28 488 6.00 —2.19 6.48 473 7.00 1.75a 6.00 482 5.00 —2.056 0973
Boys 14590 5915 16150 157.33 4871  165.00 15734 9996  148.00 17533 6077  180.00 0.198
Plank test (s) Girls 13998 4365  130.00 0.51a 141.04 4665  138.00 1.3 18562 7505 18000 22007 15490 8091  154.00 0.82a 0.041
. Boys 983 145 9.50 . 988 142 1000 964 121 10.04 971 192 1000 .. 0257
2000 m run (min) Gifls 1112 138 1130 —3.65b 1090 163 1134 —276a% 4097 174 11.08 —343Y 4096 116 1112 —2.09b 0.858

Italics number with a are t values for independent samples t-test and Italics number with b are Z values for the Mann-Whitney U test; Legend: * p < 0.05; ** p < 0.01. ! Kruskal-Wallis H Test;
2 ANOVA Test.
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Similarly, significant differences were also found in physical fitness performance
among boys of different ages, including standing long jump (H =10.931, p = 0.012), standing
triple jump (H = 16.725, p < 0.01), FOMB (H = 14.90, p = 0.002) and the hexagon agility test
(H =42.824, p < 0.001). After conducting multiple pairwise comparisons within each group,
it was found that there were differences in standing long jump between ages 14-15 and
16-17, as well as between ages 14-15 and 17-18. Additionally, differences were observed
in standing triple jump between ages 14-15 and 16-17, as well as between ages 14-15 and
17-18. Moreover, significant differences were found in shot put between ages 14-15 and
15-16, and differences in agility were observed between ages 14-15 and 16-17, and also
14-15 and 17-18, as well as 15-16 and 17-18. Additionally, significant differences were
observed among girls of different ages in the hexagon agility test (H = 10.184, p = 0.017) and
plank test (H = 8.241, p = 0.041). After conducting multiple pairwise comparisons within
each group, it was found that there were differences in agility between ages 14-15 and
16-17 (p = 0.002), as well as between 15-16 and 16-17 (p = 0.044). Additionally, differences
were observed in the plank hold for girls aged between 14-15 and 16-17 (p = 0.005), as well
as between 15-16 and 16-17 (p = 0.026).

The differences in specific strength between boys and girls in four throwing events
within the same age group, and the differences within the same gender across different
age groups, are shown in Figure 2. The specific strength in shot put of boys and girls aged
14-15 (p < 0.01) and 15-16 (p < 0.01) showed differences. There also differences between
boys aged 14-15 and 15-16 (p = 0.020), as well as 15-16 and 16-17 (p = 0.016), and in girls
aged between 14-15 and 16-17 (p = 0.025), 15-16 and 16-17 (p = 0.011), and 15-16 and
17-18 (p = 0.029). Among discus throwers, differences were found only between boys and
girls aged 15-16 (p < 0.01) and 16-17 (p = 0.044). In javelin throwers, differences were
found between boys and girls aged 14-15 (p < 0.01), 15-16 (p = 0.011) and 17-18 (p < 0.01).
Among boys, differences were observed between ages 14-15 and 17-18 (p = 0.002), 15-16
and 17-18 (p < 0.01), and 16-17 and 17-18 (p = 0.028). However, no age differences were
found among girls. In hammer throw athletes, only girls aged 14-15 and 16-17 showed
differences (p = 0.014).
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| —|
20 xk *% * % 60 kil *
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Figure 2. Differences of specific throwing performance for adolescent throwers * p < 0.05; ** p < 0.01.
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3.2. Correlations between Anthropometric Parameters, Physical Fitness Performance and Specific
Throwing Strength

Associations of anthropometric measurements and physical fitness performance for
different boys and girls show a varied degree in Figure 3. More precisely, the Body Mass
(r=0.16, p < 0.05), lower body flexibility (r = 0.23, p < 0.01), hexagon agility test (r = —0.49,
p < 0.01), standing long jump (r = 0.28, p < 0.01) and standing triple jump (r = 0.30, p < 0.01)
of boys are significantly correlated with age, while other attributes are unrelated to age.
For girls, only the hexagon agility test (r = —0.29, p < 0.01), standing triple jump (r = 0.22,
p < 0.05), and plank test (r = 0.20, p < 0.05) show a correlation with age. Regardless of
gender, most physical fitness abilities exhibit significant intercorrelations.

cor

(a) (b)

Figure 3. Correlations between anthropometric measurements and physical fitness performance:
(a) Boys; (b) Girls. * p < 0.05; ** p < 0.01.

Furthermore, associations of different measurements for shot put, discus throw, javelin
throw and hammer throw athletes are shown in Figure 4, respectively. Height (in shot put
(r=0.41,p <0.01), javelin (r = 0.44, p < 0.01), and discus throw (r = 0.47, p < 0.01)), weight (in
shot put (r = 0.33, p < 0.01), javelin (r = 0.53, p < 0.01), and discus throw (r = 0.56, p < 0.01)),
and throwing distance are positively correlated; standing long jump (in shot put (r = 0.58,
p <0.01), javelin (r = 0.62, p < 0.01), and discus (r = 0.55, p < 0.01)) and standing triple jump
(in shot put (r = 0.54, p < 0.01), javelin (r = 0.62, p < 0.01), and discus (r = 0.65, p < 0.01)) show
a high correlation with throwing distance; 30 m (in shot put (r = —0.49, p < 0.01), javelin
(r=—-043, p <0.01), and discus (r = —0.58, p < 0.01)); and 60 m (in shot put (r = —0.56,
p < 0.01), javelin (r = —0.65, p < 0.01), and discus (r = —0.45, p < 0.01)) sprints are negatively
correlated with throwing distance height, indicating that faster running results in better
performance. But no correlation was found between the hammer throw and jumping or
sprinting. A negative correlation was found between agility and throwing distance, only in
javelin (r = —0.30, p < 0.05) and discus (r = —0.40, p < 0.05). Special throwing has a high
correlation with FOMB (r = 0.62, p < 0.01, in shot put; r = 0.53, p < 0.01, in javelin throw;
r=0.60, p < 0.01, in discus throw) and BOST (r = 0.74, p < 0.01, in shot put; r = 0.62, p < 0.01,
in javelin throw; r = 0.70, p < 0.01, in discus throw).

Finally, the gender, age, all anthropometric and physical fitness variables and specific
throwing indicators were inserted in the stepwise regression model (Table 3). The results of
regression equations indicated that, due to the differences of sport discipline, body mor-
phology and physical fitness have different significant contributor to the final performance
(p < 0.05 in four throwing events). However, with the exception of the hammer throw, BOST
is included in the equation for all.
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Figure 4. Correlations among specific throwing strength, anthropometric measurements and physical
fitness performance: (a) Shot put; (b) Javelin; (c) Discus; (d) Hammer. * p < 0.05; ** p < 0.01.

Table 3. Test variables and predictive equations.

Test Variables and Equations R R? Adlll{lzs ted SEE p
Distance of javelin throw in power-position = 0.929 + (1.401 x Age) +
(0.162 x Body mass) + (6.059 x Standing long jump) + (0.836 x 0.797 0.634 0.611 4.780 p=0.030
BOST) + (—2.129 x 60 m sprint) + (—0.936 x 2000 m run)
Distance of shot put in power-position = 8.608 + (—1.514 x Gender) +
(0.386 x BOST) + (0.09 x Plank test) 0.861 0.741 0.732 1.092 p<0.01
Distance of discus throw in power-position = 23.486 + (—6.968 x B
Gender) + (1.065 x BOST) + (0.671 x FOMB) 0895 0.801 0784 2942 p=0040
Distance of hammer throw in power-position = —83.937 + (6.454 x _
Age) + (—2.223 x hexagon agility test) + (11.015 x 30 m sprint) 0-715 0511 0429 8.705 p=0048
Distance of javelin throw in power-position = 0.929 + (1.401 x Age) +
(0.162 x Body mass) + (6.059 x Standing long jump) + (0.836 x 0.797 0.634 0.611 4.780 p=0.030

BOST) + (—2.129 x 60 m sprint) + (—0.936 x 2000 m run)

R = coefficient of correlation value; R? = coefficient of determination value; SEE = Standard Error of Estimate;

p = significance level.
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4. Discussion

This study was the first to identify the characteristics and differences in anthropomet-
ric, physical fitness and specific throwing strength aspects between sexes for adolescent
throwers aged 14-18. Series tests, including 11 anthropometric and physical fitness tests
and specific throwing tests, were conducted on 258 youth throwers. The main findings
included differences in anthropometric and physical performance aspects as chronological
age changes, along with the varying degrees of correlation between different indicators
and specific throwing strength.

Adolescents generally begin to experience their peak height velocity (PHV) around
the age of 13, with girls potentially starting it a bit earlier [48]. Our research found that
there are differences in anthropometric measurements among boys aged 14 to 18, while no
differences were observed among girls. The anthropometric characteristics of adolescent
throwers align with previous findings; throwing athletes tend to be taller and heavier [4].
Taller and heavier athletes may have a potential advantage because they may have greater
muscle mass [49] and release height [43]. Boys continue to experience rapid development
between the ages of 14 to 18, while earlier growth in girls makes the differences during
this period less pronounced. Additionally, we also found a significant correlation between
height, weight, and the specific throwing strength. Thorland et al. analyzed junior Olympic
athletes and similarly discovered their unique anthropometric characteristics [4].

For physical fitness performance, among boys of different ages, significant differences
were found in the hexagon agility test, standing long jump, standing triple jump and FOMB.
These results are in line with previous findings, which found an increase of agility [50],
muscle strength and power [51] performance with maturation for boys. Our research
findings suggest that male throwing athletes aged 14-18 experience a higher growth rate in
agility and lower limb power. Similarly, among girls of different ages, significant differences
were observed in the hexagon agility test and plank test. This indicates that after the PHV,
agility still exhibits considerable growth with advancing age. Furthermore, boys and girls
of the same age show significant differences in speed, agility and explosive power, and even
if there is no difference at 14-16 years old, there is a gradual difference at 17-18 years old.
However, the differences in FOMB and BOST and specific throwing strength diminish with
increasing age. This trend could potentially be attributed to variations in the weight of the
equipment used. These findings reveal that growth and development during adolescence
may influence these variables differently. It enables coaches and athletes to consider the
distinct progression rates in key indicator developments across different stages, thereby
designing tailored training programs that adapt to these changes.

Notably, specific throwing strength demonstrated significant correlations with FOMB
and BOST, although they use different force generation patterns. Stockbrugger et al. [35]
confirmed the effectiveness of the medicine ball throw in assessing the explosive power for
an analogous total-body movement pattern in sand volleyball players. In our study, FOMB
showed a significant correlation with shot put, javelin throw, and discus throw, and BOST
exhibited a significant correlation with shot put, javelin throw, and discus throw. In addition,
BOST is present in the regression equations for shot put, javelin, and discus. The assessment
of specific strength using FOMB and BOST is suggested as viable field test components for
track-and-field throwing athletes. Furthermore, we found lower body power, linear sprint
speed, upper back strength and aerobic ability correlated with specific throwing strength in
shot put, javelin throw, and discus throw events. Undoubtedly, speed, power [52], agility
and coordination are linked to the performance in throwing [53]. Slawinski et al. found
that the rate of force development (RFD) in elite sprinters was significantly greater [54].
Zaras [33] found a correlation between the rate of force development in the lower limbs
and performance in adult throwers. The above-mentioned study can explain the results
of this article, as athletes who run faster and jump higher possess better explosive power,
resulting in a higher level of specific throwing performance. Remarkably, the 2000 m
run shows a negative correlation with specific strength, indicating that individuals who
perform better in the aerobic run exhibit greater strength. Previous studies have indicated
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that an excessive focus on developing aerobic capacity may lead to a decline in specialized
performance [55]. Our findings may be attributed to the natural growth in aerobic capacity;
however, further research is warranted to fully comprehend the underlying mechanisms
behind these correlations.

Finally, the specific throwing strength could be predicted by a different combination
of age, sex, anthropometric measurements and physical fitness; the total variance in shot
put, javelin and hammer thrower explained were above 60%, exhibiting reliable predic-
tiveness. The presence of standing long jump (p = 0.026), 60 m sprint (p < 0.01) and BOST
(p < 0.01) in the predictive equation for javelin throw and FOMB (p < 0.01) in shot put, and
BOST (p < 0.01) and FOMB (p = 0.04) in discus, emphasize the importance of rapid force
generation.

Overall, previous research has found that world-class adult athletes have a more
extensive participation in sports and training during their adolescence [56]. Our findings
suggest that various physical fitness parameters play a crucial role in the performance
of different throwing events, indicating that the comprehensive development of physical
motor abilities in adolescent throwing athletes contributes to their specialized development
in the sport. For adolescent throwing athletes, it is crucial to focus on strength, speed,
and agility qualities. Coaches need to consider these cross-interacting factors of athletic
abilities repeatedly during athlete selection and training, as it may have a transfer effect on
specialization.

5. Limitations and Future Outlook

In this study, several limitations should be acknowledged. Firstly, in order to facilitate
the development of coaching, we focused solely on the performance of field testing and
did not conduct extensive physiological assessments. To gain a deeper understanding of
the characteristic of adolescent throwing athletes, future research will need to necessitate
more comprehensive testing and analysis. Secondly, we only studied adolescent throwers
aged 14 to 18 and the chronological age of athletes. The lack of maturity analysis [51]
for athletes limits the depth of this study. We are uncertain about the impact of early
and late maturation on adolescent throwers. Furthermore, high-performance during
adolescence may not necessarily mean a higher performance at later ages [16,17]. Many
factors have an impact on the performance of athletes, like the relative age effect [57],
biological age, hormones [58] and so on. Further research is also needed to delve into the
optimal development for adolescents that contributes to their performance in adulthood.

Finally, it is possible that, due to the limited number of participants, correlations were
observed only between specific spin hammer throw and age as well as the 2000 m run. It is
also possible that the included variables were insufficient to fully capture the characteristics
of hammer throw athletes, and further in-depth analysis will be required in the future. It
has to be stressed that the regression model was solely employed to assess specific throwing
performance for throwers aged between 14-18. Its applicability needs further validation.

In the future, it is essential to take into account factors such as maturity status and
variability in physiological profiles in order to better comprehend, identify, and nurture
the physical attributes of adolescent athletes. More extensive research is required to
further investigate the physical and physiological attributes of track-and-field throwers.
Specifically, future researches should consider standardized testing batteries and explore
the links between physical fitness performance and throwing performance, expanding
current knowledge for talent identification and informing tailored conditioning programs
for adolescents within the sport. It is possible to build upon this study by enriching the
indicators and content of the tests, and developing more effective talent identification
schemes and evaluation models.
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6. Conclusions

This study analyzed anthropometric measurements and physical fitness performance
variance according to age and sex among adolescent track-and-field athletes, as well
as the correlations between these variables. The main research findings indicate that
throwing athletes have greater height and weight, and practitioners can refer to the specific
data of different age groups in the results for talent identification. Boys aged 1418 are
still experiencing rapid growth. Boys show a larger gap with girls in dynamic abilities
(especially speed and explosive power) as they age. Furthermore, nearly the majority
of physical fitness indicators in this study exhibited correlations with specific throwing
strength. During the age range of 14-18, athletes should continue to develop their overall
athletic abilities comprehensively, especially agility, speed, strength and power, as it benefits
the development of specific strength. The high predictability of the regression models and
correlations between indicators suggest that the 11 anthropometric and physical fitness
tests, as well as specific throwing strength tests conducted in this study, effectively establish
a testing battery for adolescent throwers. These results could provide valuable insights for
coaches and athletes in future practice and studies.
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