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Abstract

Background

Physical development during adolescence is crucial for athletes in team sports, as it pre-

pares them for the high sport demands at the senior level. While physical development in

non-athletes are well-documented, a comprehensive understanding of adolescent athletes’

development, including the potential effects of team sports participation and training load, is

lacking.

Objectives

The study aimed to investigate the development of physical characteristics in team sport

athletes during adolescence (12–20 years) and explore the impact of training load.

Methods

A systematic search of the databases PubMed, SPORTDiscus and Web of Science were

conducted combining keywords related to physical characteristics, youth athletes, team

sport and study design. Criteria for inclusion were: (1) team sport athletes aged 12–20

years, (2) cross-sectional or longitudinal designs investigating physical characteristics, (3)

comparisons across different age groups, (4) peer-reviewed original article, (5) written in

English, and (6) available results from physical testing. Results were normalized and

weighted based on sample size.

Results

176 eligible articles were identified. The results showed consistent annual improvement in

most physical characteristics from 12 to 16 years for both sexes (e.g., boys: lower body

strength 14.3%; intermittent endurance 11%; countermovement jump height 6.7%; change

of direction 2.8%; 30 m sprint 3.6%, and girls: lower body strength 9.4%; intermittent endur-

ance 12.1%; countermovement jump 4.7%; change of direction 3.3%; 30 m sprint 1.9%).

Only 4 studies investigated the effect of training load on physical development.
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Conclusions

Although both sexes consistently improved through adolescence, girls tended to have less

pronounced physical development compared to boys, likely due to lower increase in lean

mass and limb length. The existing evidence do not definitively establish whether team

sports participation, compared to studies examining non-athletes, or training load have an

additive effect on physical development during this period.

Introduction

Team sports are typically characterized by frequent bouts of efforts ranging from low to maxi-

mal intensity [1–4]. Consequently, athletes must be able to generate high amounts of force and

power to jump, sprint, accelerate, change direction, and perform explosive actions like kicking

and throwing [5–7]. Research studies consistently show elite players to outperform sub-elite

peers in several physical parameters [8–12]. Furthermore, the ever-increasing physical

demands of sport emphasize the importance for athletes to possess well-developed physical

characteristics to achieve high-level performance at the senior level [13, 14]. Physical charac-

teristics are therefore highly valued and extensively used as selection criteria in talent programs

within team sports [15].

To support adolescent athletes in their long-term development process, knowledge regard-

ing typical development trends for physical characteristics during the adolescent years is cru-

cial. This knowledge would contribute to the monitoring and evaluation of adolescent athletes’

progress, facilitating the identification of their strengths and weaknesses, optimizing the design

of effective training programs, and evaluating training interventions [16]. Understanding the

various factors influencing the development process can enhance the customization of training

programs to optimize the development of adolescent athletes. Growth and maturation are the

main drivers for the development of physical characteristics during this period [17], with

increases in body mass and height, fiber-type differentiation, resting adenosine triphosphate

and creatine phosphate levels, increased androgen concentrations, and architectural develop-

ment of musculotendon units [18], all contributing to the development of different physical

characteristics. However, the specific effects of aspects related to training load remain uncer-

tain in this population. Adaptations to training have been extensively studied in adults, both in

the context of the development of physical characteristics and injury prevention [19, 20]. How-

ever, less attention has been given to understanding the unique responses of young athletes to

exercise stimuli [21], highlighting the need for further exploration in this area.

Despite the extensive research conducted on physical characteristics in boys during adoles-

cence [9, 22–27], there is currently no systematic review that comprehensively summarizes the

literature on team sport athletes, specifically encompassing both boys and girls. This knowl-

edge gap is significant, considering that studies conducted on non-athletes have consistently

demonstrated notable differences in the development between the sexes during the early to

late stages of adolescence [17, 28–30]. Research findings on non-athletes indicate that boys

tend to demonstrate greater improvements in physical characteristics during adolescence,

while girls often reach a plateau shortly after puberty; typically around the age of 13–15 years

[17, 28–31]. These discrepancies may be attributed, among other things, to the longer and

more potent maturity processes impacting physical development in boys [17]. However, it

remains uncertain whether these patterns hold for athletes involved in team sports. If team

sport athletes follow similar development trajectories, their natural progression may slow
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down during late adolescence. This could highlight a need for more targeted physical training

programs to adequately prepare them for the demands of the senior level. Therefore, the pri-

mary aim of this systematic review was to investigate the development of physical characteris-

tics during adolescence in team sport athletes in both boys and girls. Additionally, the effects

of training load on the development of physical characteristics were investigated.

Methods

This systematic review was conducted following the Preferred Reporting Items of Systematic

Reviews and Meta-analyses (PRISMA) statement [32] and registered on Open Science Frame-

work (Registration https://doi.org/10.17605/OSF.IO/9A86G). Completed PRISMA-P checklist

can be found in S1 Checklist. The aim was to evaluate the scientific literature investigating the

development of physical characteristics among adolescent team sport athletes and investigate

the impact of training load on the development of physical characteristics. A search of data-

bases (SPORTDiscus, PubMed, and Web of Science) for eligible published articles was per-

formed on December 7, 2021, combining keywords related to physical characteristics,

adolescent athletes, team sport, and study design (Table 1). A second systematic search was

performed on January 26, 2023, to include any new articles published within the previous year

since the first search. No restriction on the year of publication was applied, according to

PRISMA recommendations [33]. All cross-sectional, longitudinal, and mixed-longitudinal

studies were included. Studies were categorized as mixed-longitudinal if they involved tracking

changes over time in a sample of participants, but unlike longitudinal studies, not all partici-

pants were the same at every measurement point.

Study selection

Following the initial search, the results were exported to EndNote library (Endnote X9, Clari-

vate Analytics, USA), and duplicate articles were removed. The remaining articles were then

uploaded to DistillerSR (https://www.distillersr.com/, Ottawa, Canada) and two independent

reviewers (LSL, LMT) independently screened the content of the titles and abstracts against

the predefined inclusion-exclusion criteria (Table 2). Both cross-sectional and longitudinal

study designs were included to allow a larger dataset to better investigate the developmental

trajectories of team sport athletes during adolescence. The age range of 12 to 20 years was cho-

sen as 12 years of age is when official competition and differentiation between levels begins in

Norway. Full texts of the included articles were later retrieved and reviewed. Any discrepancies

between the two researchers at this stage were discussed, and if an agreement could not be

Table 1. Search terms used to find eligible articles.

Search term

Physical

characteristics

(physical OR “physiological testing” OR “performance tests” OR aerobic*OR

“endurance” OR strength OR “soccer physiology” OR “exercise test*” OR

anthropometric* OR “body composition”)

AND Age (youth OR adolescent OR adolescence OR child*OR academy OR “young adult” OR

“adolescent development”)

AND Team sport (“team sport” OR handball OR soccer OR football OR team handball OR “field

sport*” OR “court-based sport*” OR rugby OR hockey OR cricket OR basketball OR

“field conditions” OR “netball” OR technical tactical skill)

AND Study design (longitudinal OR “long term” OR “cross-sectional” OR “quasi-experimental” OR

“prospective observational” OR “mixed longitudinal”)

AND is used between each search term to include all the variables

https://doi.org/10.1371/journal.pone.0296181.t001
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reached, it was resolved by a third reviewer (TR). An overview of the articles included and

excluded in each stage of the screening process is shown in the flow chart (Fig 1).

Methodological quality assessment

The included articles were assessed independently by the two main reviewers using the “qual-

ity assessment tool for observational cohort and cross-sectional studies” developed by the

National Heart, Lung and Blood Institute (NHLB, 2021). Some questions were modified, and

Table 2. Inclusion criteria for articles eligible for the review.

Criteria Inclusion

1 Studies with a sample of adolescent team sport athletes (between 12 and 20 years old)

2 The design was either cross-sectional with different age groups or a longitudinal design lasting at least one

year investigating speed, change of direction ability, strength, power, and/or endurance capabilities

3 Comparison between different age groups (excluding groups comprised by different ages)

4 Peer-reviewed original article

5 Full text in English available for screening

6 Results from physical testing were available

https://doi.org/10.1371/journal.pone.0296181.t002

Fig 1. PRISMA flow chart. 14 studies were added after updated search.

https://doi.org/10.1371/journal.pone.0296181.g001
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some were not included due to being irrelevant (see S2 Table for the included questions). Dis-

crepancies or conflicts were either resolved through discussion or the involvement of a third

reviewer if an agreement was not met. Results are presented in S3 Table. As both cross-sec-

tional and longitudinal studies were included, it’s worth noting that certain questions (7 and

13) were only relevant to the longitudinal studies. This distinction led to a scoring potential of

up to seven points for the cross-sectional studies and up to nine points for the longitudinal

studies.

Data extraction

Data were extracted using a specifically designed standardized Excel spreadsheet, which

included publication data (authors, year of publication, sample information, duration, meth-

odology, sport, level of competition, sex, country), anthropometrics (height, weight, body

composition), physical characteristics tests with output measures for each age group (sprint,

change of direction (CoD) ability, endurance, lower and upper body strength, vertical jump),

training load (hours of training) and maturation data. WebPlotDigitiser (Version 4.1, Pacifica,

California, USA) [34] was used to extract means and measures of variance (standard deviation)

from figures when tables were not present. To avoid intervention bias, only the baseline score

was extracted from studies that included interventions. The extraction was carried out by both

reviewers, and the findings were merged into a single document and later examined for con-

flicts. Conflicts not resolved between the two researchers were discussed and resolved by a

third reviewer if an agreement was not reached. After extraction, 21 papers were discovered to

not report the sex of their sample. The authors were later contacted to retrieve this informatio-

n.¨Extracted data from all included papers can be found in S1 Data.

Strategy for data synthesis

All data were analyzed using descriptive statistics and reported as annual differences between

age groups, (i.e., either average for age range [12–16 years] or between two consecutive age

groups [e.g., 13–14 years]). The following tests for each physical characteristic were chosen for

analysis due to being the most utilized tests:

• Sprint: 10 and 30 m.

• Vertical jump: CMJ.

• Intermittent endurance; YYIR1 and 20-m multistage test.

• CoD ability: Agility 505, 10 x 5 m shuttle run, and 5 x 10 m shuttle run.

• Upper body strength: handgrip.

• Lower body strength: a large diversity in lower-body strength tests in the included studies

rendered it necessary to include several different tests (Table 3).

The results from each of these tests were then merged through normalization (described in

detail below). Figures were made in GraphPad Prism (Version 9.2.0, GraphPad Software Inc,

San Diego, CA, USA). Tables and all calculations for yearly changes were analyzed in Micro-

soft Excel.

Normalization and weighting of data. To accommodate the diverse range of tests and

methods utilized in the studies, a normalization process was implemented to standardize the

data to a common scale. This approach allowed for the inclusion of a larger volume of data,

promoting a more comprehensive analysis. The normalization process involved dividing the
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test results for each age group with the result from a reference age group. The reference age

group was selected for each test individually and was set to the most frequently included age

group for each physical characteristic. Studies that did not include this group, were normalized

to the closest age group (to the reference age). Each result was then weighted relative to the

group’s sample size.

Results

Study characteristics

Across the 176 articles included in the study, 85% (n = 151) had a sample consisting of only

boys, 8% (n = 14) had a sample consisting of only girls, and 7% (n = 12) included both

sexes. The sample sizes ranged from 9–13,869 boys with a median of 130 participants and

22–1,832 girls with a median of 93. The total for each sex was 56,665 boys and 4,616 girls.

More than half (55%, n = 104) had a cross-sectional study design, 22% (n = 39) were mixed-

longitudinal and 19% (n = 34) were longitudinal. There were 11 different sports repre-

sented, and the most common are presented in S1 Fig. A large majority of the studies were

conducted in Europe (n = 123), and England (n = 24), Australia (n = 17), Belgium (n = 13),

Brazil (n = 13), Portugal (n = 13), and Germany (n = 12), were the most common countries.

Seventeen (9%) studies included measures of training load, and 54 studies (31%) provided

information about maturation status, reported in one of the following ways: years from

peak height velocity (YPHV) (n = 24), age at peak height velocity (APHV) (n = 12), skeletal

age (n = 9), sexual maturation (n = 5), predicted adult height (n = 2), biological age (n = 1),

and maturity ratio (n = 1). This variation in methodology, additionally to limited studies

including different maturity groups within the same age cohort, made it impossible to sum-

marize the literature to address differences in development between different maturity

groups. The number of different tests used for each physical characteristics and the number

of studies including each is summarized in Fig 2. A summary including author, country,

study design, duration, sample size, age groups, competitive level, sport, and tests used for

all studies are reported in S3 Table. The number of studies included for each age group and

physical characteristic is available in S4 Table.

Table 3. The different variations of strength tests included in the analysis and the number of studies using each

test.

Test n

Isokinetic PT knee extension 60˚/s 8

1 RM back squat 7

Isometric mid-thigh pull peak force 4

Isokinetic PT knee extension 180˚/s 3

Isokinetic PT knee extension 240˚/s 3

Knee extension ISO 3

1RM front squat 3

Iso knee extension 60˚/s 1

Isokinetic PT knee extension 225˚/s 1

Isokinetic PT knee extension 240˚/s eccentric 1

Isokinetic PT knee extension 60˚/s eccentric 1

Isokinetic PT knee extension 90˚/s 1

Leg extension 1

5RM squat 1

https://doi.org/10.1371/journal.pone.0296181.t003
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Methodological quality

The methodological quality assessment scores are presented S2 Table, averaging a score of

70 ± 13%, ranging from 43% to 100% for the items evaluated. The majority of all the studies

addressed questions 1, 2, 4, 7, 9, and 11 (n = 69–100%). However, participation rate of eligible

subjects was not possible to determine in most studies (1%), few studies included a sample size

justification (3%), and loss to follow-up after baseline was, when applicable (11%), usually not

reported or could not be determined.

Physical characteristics across age-groups in team sport athletes

Fig 3 provides an overview of all individual studies investigating 30-m sprint, CMJ, handgrip

strength, and intermittent endurance. It visually presents the variations and trends in the

development of physical characteristics observed among different age groups in these studies.

Notably, the figure also illustrates that there are no substantial differences in the results

between cross-sectional and longitudinal study designs overall, though longitudinal studies

seem to have less variation. No longitudinal studies were found examining changes in physical

characteristics in girls for the selected tests.

Anthropometrics (height, body mass, body fat). The results from the analysis of anthro-

pometric characteristics, show boys to have a notably greater average yearly increase in height

Fig 2. Variety in testing methodologies: Number of different tests for each physical characteristic and the number of studies each

characteristic was measured. CoD: change of direction.

https://doi.org/10.1371/journal.pone.0296181.g002
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Fig 3. Yearly performance measured in all studies included for 10 m sprint, CMJ, intermittent endurance and handgrip

strength. Boys are the left figures, and girls the rigth. Blue lines represent longitudinal studies, and black dotted lines are the

cross-sectional studies. CMJ: countermovement jump height.

https://doi.org/10.1371/journal.pone.0296181.g003
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from 12–20 years (2.3%) compared to girls (1%) (Fig 4A). Moreover, both boys (0.6%) and

girls (0%) show minimal growth in height from 16 to 20 years. Changes in body mass follows

the same trend, with boys demonstrating greater yearly increase from 12 to 20 years (9%),

compared to girls (4.6%) (Fig 4B). Most growth occur during adolescence and seems to plateau

after the age of 15 years. In terms of percentage body fat, boys demonstrate an average yearly

reduction of 2.4% (0.34 percentage points) from 12 to 20 years, while girls have a yearly

increase of 10% (1.63 percentage points) (Fig 4C).

Lower body strength. The following (normalized and weighted) results for physical char-

acteristics are presented solely in terms of relative development, and do not describe absolute

performance. A consistent pattern of improvement in lower body strength can be observed

during the adolescent years, with the greatest improvement occurring from 16 to 17 years

(27.1%) (Fig 5A). From 12 to 17 years, there is a relatively steady phase of yearly improvement

(16.8%), followed by a plateau to 20 years. Girls generally exhibited lower average yearly

changes in lower body strength compared to boys. From 12 to 17 years, girls demonstrated a

yearly improvement of 8.2%, with the greatest rate occurring from 12 to 13 years at 18%.

Upper body strength. Among boys, a consistent yearly improvement of 9.9% was observed

from 12 to 16 years, with the greatest rate of improvement occurring from 13 to 14 years

(15.9%) (Fig 5C). Following this period, there was a gradual decline in the yearly rate of

improvement until 18 years. From 18 to 20 years, data from a limited number of studies sug-

gests a large increase (23.5%) followed by a substantial decrease (24.7%). The average yearly

improvement between 12 and 16 years was lower in girls compared to boys, with 7.3%. The

greatest improvement was observed from 12 to 13 years (11.1%), followed by a gradually lower

rate until 16 years.

Linear sprint performance (10 and 30 m). The downward trend in Fi. 5 (B and D), pre-

senting linear sprint performance, corresponded to improved sprint times (e.g., a reduction in

the time used to complete the distance). An average yearly improvement of 1.4% and 2.8% was

observed in boys for the 10 m (Fig 5B) and 30 m sprint (Fig 5D) respectively between the ages

of 12 and 19 years. This was greater than the improvement in the 10 m sprint observed in girls

of 0.8%. Both sexes demonstrated their greatest rate of improvement between 12 and 16 years

with an average of 2.6% and 3.6%, and 0.9% and 1.9% respectively for boys and girls in 10 m

and 30 m sprint.

Change of direction ability. The average yearly improvement in CoD for the boys

between 12 and 16 years (2.8%) and 12 and 19 years (1.6%) was comparable to that observed

in the 10 m sprint (2.6% & 1.4%) (Fig 5F). The most significant yearly improvement was

observed from 12 to 13 years, at 4.1%. From 18–19 years a decline in performance of 1.1% was

observed. Girls demonstrated a slightly lower average yearly improvement from 12 to 16 years

(2.3%), though with greater variation. No improvement was observed from 12 to 13 years and

14 to 15 years, while from 13 to 14 years and 15 to 16 years, yearly improvements of 4.9% and

5.3%, respectively, were observed. The one study investigating girls aged 18 to 19 years

reported a 0.2% improvement.

Jump performance. Boys demonstrated large improvements during their early adolescent

years with a 9.3% increase from 13 to 14 years, and an average yearly improvement of 6.7%

from 12 to 16 years (Fig 5E). The yearly improvement gradually decreased until 18 years, but a

slight increase is observed for 19s and 20s. In contrast, girls demonstrated their greatest rate of

yearly improvement from 14 to 15 years (7.2%), and an overall yearly improvement of 4.7%

from 12 to 16 years.

Intermittent endurance. Boys demonstrate an overall yearly improvement of 5.8% from

12 to 20 years. From 12 to 16 years, boys demonstrate an average yearly improvement of 11%,

with the greatest rate occurring from 13 to 14 years (13.1%) (Fig 5G), Following this period of
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Fig 4. Weighted data for height (A), body mass (B) and percentage body fat (C). The sample size for each age group is

indicated below the x-axis. The numbers in parentheses represent the available studies for the respective age group.

Dotted lines highlight age groups with two or fewer studies.

https://doi.org/10.1371/journal.pone.0296181.g004

PLOS ONE The development of physical characteristics in adolescent team sport athletes

PLOS ONE | https://doi.org/10.1371/journal.pone.0296181 December 21, 2023 10 / 21

https://doi.org/10.1371/journal.pone.0296181.g004
https://doi.org/10.1371/journal.pone.0296181


Fig 5. Weighted data for lower (A) and upper (B) body strength, CMJ (C), intermittent endurance (D), 10-m sprint (E),

30-m sprint (F), and CoD (G) results. The sample size for each age group is indicated below the x-axis The numbers in

parentheses represent the available studies for the respective age group. Dotted lines highlight age groups with low samples.

Norm: normalized. Wtd; weighted. LB: lower body. CoD: change of direction. Int: intermittent. Perf: performance.

https://doi.org/10.1371/journal.pone.0296181.g005
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rapid development, there is a diminishing rate towards late adolescent (2.8% 16–19 years). A

reduction in performance of 6.2% was observed from 19 to 20 years in boys, however this was

only based on two studies. Intermittent endurance in girls was only investigated in a few stud-

ies (n = 4), but results demonstrate a yearly improvement of 11% from 12 to 15 years, similar

to that of boys (9%). The greatest yearly increase in performance was observed from 12 to 13

years (21%).

Training load

Of the 176 articles included, 17 (9%) measured training volume, either as yearly hours (n = 4),

weekly hours (n = 12), or both (n = 1). Furthermore, four studies [35–38] specifically investi-

gated the impact of training on physical development; all reporting a significant effect of train-

ing. Baxter-Jones et al. [35] did not find any effect of additional hours of training per se, but

noted that improvements in maximal oxygen uptake (VO2-max) may vary depending on the

type of sport. The remaining studies found that an increase in either weekly [36] or yearly [37,

38] training hours improved performance in endurance. All the studies used a multilevel

model analysis to assess the effects of training volume on physical performance. No study

examined other aspects of training load beyond training volume, and only one study [38]

looked at physical characteristics other than endurance (i.e., repeated sprint ability, agility,

power).

Discussion

This study presents the first systematic review investigating the physical development of ado-

lescent boys and girls participating in team sports from 12 to 20 years. Understanding the typi-

cal developmental trends of physical characteristics in adolescent team sport athletes is crucial

for bridging the transition from adolescent to senior levels. However, there is a gap in the liter-

ature regarding longitudinal physical development during adolescence, especially among girls.

The findings of this study indicate a consistent annual improvement in physical characteristics

from 12 to 16 years, followed by a plateau in the rate of development in late adolescence (i.e.,

16 to 20 years). It is important to acknowledge the considerable variability in the rate of change

between age groups, particularly in the older age groups where fewer studies were available for

analysis. Although girls demonstrated improvement in most physical characteristics, it was for

the most part at a lower rate than observed in boys. However, the limited number of studies

investigating girls and older age groups limits the strength of these observations. To provide

an even more holistic view, it is important to consider the influence of maturation on physical

development in adolescents. Nevertheless, maturation was not consistently measured or

reported across the included studies, which posed a challenge to conduct a comprehensive

analysis on maturation status.

Physical development in adolescence

Anthropometrics. Findings showed that both boys and girls team sport athletes demon-

strated increases in height and body mass during adolescence, similar to non-athletes [39],

with boys exhibiting greater yearly increases from the age of 12 to 20 years compared to girls.

This is likely due to the differential effects of growth and maturation between the sexes, with

boys experiencing more pronounced growth during puberty and also benefiting from an

approximate two year longer pre-adolescent growth period, resulting in the greater increases

in height and body mass [17]. Although both sexes demonstrated increases in body mass, girls

have a significant increase in body fat from 12 to 15 years before stabilizing (Fig 4B), whereas

boys remain rather stable until 16 years, before a reduction is observed. The overall increase in
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body mass in boys is due to greater increases in lean mass (skeletal tissue) [17]. Boys also see a

further reduction in body fat beyond adolescence, with senior elite rugby players found to

have less fat mass and more fat-free mass than junior elite players [40], which may be advanta-

geous for horizontal and vertical acceleration and a reduced metabolic cost of exercise [41].

The observed sex differences in the development of these anthropometrical variables are likely

to have implications for the divergent performance outcomes observed between the sexes. This

aspect will be further explored and discussed in the subsequent sections.

Muscular strength. Existing research on non-athletes indicates that boys and girls have

similar levels of strength until boys reach puberty [39]. However, whereas boys continue to

develop strength, girls tend to plateau, resulting in increased sex differences as they age [31,

39]. While the findings from this study partially align with these observations, there are some

contrasting results. It was observed that girls progressively increased lower body strength dur-

ing adolescence (Fig 5A), although with a smaller magnitude than boys. During puberty, boys

undergo a strength spurt characterized by a rapid increase in circulating hormones, including

testosterone and growth hormones. These hormones stimulate protein-synthesis pathways

contributing to increased muscle growth, which in turn facilitates increased muscle strength

and power production [42–44]. Girls do not have the same increase in circulating testosterone,

and consequently exhibit a greater increase in fat mass and a comparatively smaller magnitude

of muscle growth and strength development than boys [39], leading to the observed divergence

in strength development. This divergence in development has been observed in elite adoles-

cent athletes, particularly in swimming, running, jumping track and field events, where testos-

terone has been identified as the main factor explaining the performance gap between boys

and girls starting around the age of 12–13 years [45].

Differences in strength training practices around this period is another potential factor con-

tributing to the observed differences between sex and age [17, 27, 46]. It has been suggested

that girls tend to be less involved in strength training from an early age compared to boys [17,

27, 46], which could influence their rate of strength development [27, 47, 48]. However, an

increase in exposure to strength training during late adolescence for girl team sport athletes

[49] could explain the continuous improvement in lower body strength until 18 years observed

in this study, contradicting previous research on both athletes and non-athletes, which

reported a plateau in lower body strength from 15 years of age [31, 39, 50] The inclusion of

strength training during earlier stages of development could potentially reduce some of the

gap observed between boys and girls and progress lower body strength beyond the previously

observed plateau. However, it is important to note that further research is needed to validate

these findings and explore the potential underlying mechanisms contributing to the observed

differences in strength development, and the effects of earlier implementation.

Sprint, CoD, and jump performance. In general, both boys and girls in team sports pro-

gressively improved sprint performance, CoD ability, and jump performance during adoles-

cence (Fig 5B and 5D–5F), comparable to that observed for non-athletes [17, 31, 51], and

athletes in other sports [45, 52]. The most rapid improvement observed during the early stages

of adolescence is largely due to the effects of maturity-related processes occurring during this

period. An increase in limb length is associated with increased stride length and frequency

[53–56], which are key determinants of sprinting ability [57]. Furthermore, the development

of lean mass and muscle strength play a crucial role in sprinting, jumping, and CoD perfor-

mance [58]. Increased muscle strength enables athletes to generate greater power and force,

allowing for more explosive movements [59]. This likely explains the similar development in

both 10 m sprint and CoD ability, considering both are linked to relative strength and the abil-

ity to accelerate and decelerate quickly, as supported by previous studies [27, 60]. As boys tend

to have more pronounced maturity-related changes compared to girls, this explains the
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divergent sex difference in physical performance and development observed during this period

[45, 52]. The slower development observed during the later stages of adolescence is likely asso-

ciated with the attainment of a more mature state, wherein the physiological changes resulting

from maturity-related processes become less prominent [17].

Intermittent endurance. Endurance in team sports is the ability to sustain high-intensity

efforts and recover intermittently throughout a game and is an important quality for maintain-

ing a high degree of intensity and technical/tactical skills [61]. In line with the general increase

in VO2-max observed in adolescents [17], intermittent endurance performance in team sport

athletes also continuously improves until about the age of 16 years (Fig 5G). This is not sur-

prising as intermittent endurance measured with the YYIR1 and multistage fitness test is cor-

related with VO2-max [62]. As boys’ approach full maturity at around 16 years, their

development in VO2-max typically stagnates, likely due to the loss of maturity-related effects,

such as increase in height and lean mass, which are closely linked to improvements in absolute

VO2-max [39]. Consequently, additional training is likely necessary to further improve inter-

mittent endurance performance. Improving linear speed and CoD, would also likely improve

performance, especially as test speed increase, placing higher demands on these attributes [61].

Interestingly, while non-athlete girls typically demonstrate a decline in VO2-max around

14–15 years of age [39], findings in one study [63] suggest that intermittent endurance contin-

ues to improve until the age of 16 years, similar to boys. This aligns with the observations

made by Tønnessen et al. [2015], who reported improvements for girls in track and field in

800 m performance even up to 18 years of age. This could be due to the difference in tests per-

formed. A recent study by Landgraff et al. [64], demonstrated differences in development

between VO2-max and endurance performance during adolescence, where an improved per-

formance was observed, but no change in VO2-max. Considering the YYIR1 and multistage

fitness test analyzed in this this review are performance based (e.g., dependent of multiple

physical characteristics) this could help explain the observed difference between development

of VO2-max in non-athletes and endurance in athletes in this review. This would imply that

more factors than VO2-max influences performance, such as specific adaptations in the mus-

culature, which could be more susceptible to training.

The lack of difference in improvement between boys and girls is however in contrast to pre-

vious studies on non-athletes and athletes in other sports, which consistently show clear diver-

gence in performance occurring at the onset of puberty in boys [45, 52]. Given that girls

typically demonstrate a greater increase in fat mass, which is associated with a decline in VO2-

max, it would be expected to observe less yearly improvement in girls than boys [64–66]. How-

ever, it is important to note that there is a significantly fewer studies including girls, and none

with a longitudinal design, which may contribute to the unexpected results.

The impact of training load and team sport participation

The influence of training load on the development of physical characteristics was examined in

only four studies [35–38]. These studies reported positive effects with training; however, there is

no consensus whether these effects are primarily attributed to training volume [36–38], or the spe-

cific training regimen associated with the sport [35]. This aligns with the findings of Wrigley et al.

[67], who reported significantly greater improvement in various physical performance measures

among a group of academy soccer players (U12 to U16 collectively) compared to non-academy

players. On the other hand, Landgraff et al. [64] found no significant difference in longitudinal

changes in VO2-max between endurance athletes and team sport athletes, although the endurance

athletes demonstrated greater improvement in performance, measured as running-time to

exhaustion. These contrasting results suggest that factors beyond training volume, such as content,
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intensity, specificity, and quality [68] may play a more significant role in influencing the outcomes

than training volume per se. In a recent systematic review conducted by Dudley et al. [69], the

relationship between training load and physical qualities in adolescent athletes was examined. The

review revealed moderate evidence supporting a relationship between resistance training volume

load and strength. However, no other internal or external training load parameters showed a con-

sistent relationship with physical qualities. The authors attributed the inconsistency in their find-

ings to the complex and multi-factorial nature of the load-response relationship. They

emphasized that various factors, including physical qualities, stress, sleep, nutrition, and matura-

tion all play a significant role in influencing an individual’s response to training load during ado-

lescence. While this review included both other sports as well as shorter observation periods, it

does help to shed light on this complex issue and warrants further investigation.

Moreover, when comparing the trends for improved physical characteristics observed in

this study to those reported in non-athletes [17, 31, 51], as well as athletes in other sports [45,

52], there are some notable distinctions. Specifically, the findings indicate more pronounced

yearly improvements in sprint time in team sport athletes (boys 3.6% vs 3.0%, girls 1.9% vs.

1.3%) from 12 to 16 years [17, 31], while development in handgrip strength (boys 11% vs 17%,

girls 7.3% vs 7.2%) and jump performance (boys 6.7% vs 11%, girls 4.7% vs 6.6%) [17, 51] were

observed to be in non-athletes. Additionally, Philippaerts et al. [55] reported only small differ-

ences in the rate of development in various physical characteristics between athletes and non-

athletes. These findings further emphasize the uncertain additive effects of training load and

sport participation on physical development, to the known effects of growth and maturation.

This warrants additional research in this area to better understand the effects of training load

on physical development during adolescence. Additionally, factors like training content, inten-

sity, and quality should be explored to better pinpoint which components of training load

could promote physical development in young team sport athletes and whether different com-

ponents are more important in certain phases of adolescence.

Limitations of the research literature

The present review highlights several gaps in the current literature regarding the development

of physical characteristics in adolescent team sport athletes. Firstly, there is a significant under-

representation of girls in the studies, and even fewer studies investigating longitudinal physical

development of girls. This scarcity reduced the available data for analyzing sex differences in

physical development and weakens the overall evidence. Even fewer studies have also directly

compared boys with girls using the same testing methodology, which could be a good way to

directly compare their development. Moreover, the lack of studies focusing on older age

groups hampers a thorough exploration of the developmental trajectory during the adolescent

period. This knowledge gap poses challenges in designing effective long-term development

programs that cater to the unique need of athletes preparing for the senior level.

The lack of maturation data in the majority of studies, and the variations in methodology

among those that did incorporate it, made it difficult to conduct a comprehensive analysis on

differences in development of physical characteristics among distinct maturity groups. Previ-

ous research has indicated that athletes at different maturity stages develop their physical char-

acteristics at different rates [70], but this area remains relatively unexplored and warrants

further investigation. Including data on the, potentially large, individual variation in biological

age during these years, a more accurate understanding of the influence of maturation on physi-

cal characteristics in adolescent team sport athletes could be achieved.

The limited number of longitudinal studies poses challenges in accurately distinguishing

actual physical changes from the influence of sample composition for each age group.
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Longitudinal studies, although with its challenges regarding dropouts and overall lower sample

sizes, makes it is possible to conclude with more certainty a cause-and-effect relationship of

the development of different physical characteristics observed, compared to cross-sectional

studies that only provide a snapshot of data. However, when pooled together, the results from

the cross-sectional studies were found to be consistent and comparable to the results from the

longitudinal studies (Fig 3). This supports the validity of the overall conclusions, despite the

smaller number of included longitudinal studies.

The overall methodological quality rating was moderate (70 ± 13%; S1 Table). Questions 3

and 5 received the lowest mean rating, meaning most of the studies did not justify their sample

size and the rate of eligible persons was not possible to determine. Lack of sample size justifica-

tion could introduce uncertainty into the representativeness of the study population poten-

tially leading to inadequate statistical power for detecting meaningful effects or relationship.

This is a greater issue for age groups or tests with low sample sizes and/or few included studies,

while individual studies will likely not have a large impact in larger pooled samples. For the

longitudinal studies, loss to follow-up was only reported by 4 studies (11%). The lack of this

information makes it difficult to generalize the findings, as the findings might not represent

the initial study population.

Lastly, the results in this review are also limited by the large diversity in testing methodolo-

gies employed in the literature. The wide variety of different tests used to assess different physi-

cal characteristics necessitated the selection of specific tests for analysis, reducing the number

of suitable studies to 128 out of the initially included total of 176. This approach offered the

advantage of obtaining a more manageable dataset for drawing accurate conclusions and com-

parisons regarding longitudinal physical development. Including too many different tests for

one physical characteristic could lead to erroneous conclusions, as certain tests may measure

different physical attributes. The lack of test homogeneity hampers meaningful comparisons

between studies for researchers and practitioners. To overcome this limitation, using standard-

ized testing batteries [71, 72] would promote greater test homogeneity and enable consistent

comparisons.

Practical applications

The complex interplay of growth, maturation, and physical characteristics in shaping physical

development during adolescence highlights the importance of considering sex differences and

age-related variations. Coaches must tailor their approaches to account for the specific devel-

opmental trajectories of boys and girls. This includes recognizing the slower rates of physiolog-

ical development typically observed in girls, and in the period following cessation of maturity

for boys and implement training programs to target specific physical characteristics providing

appropriate stimuli for team sport athletes’ individual needs. It is also important to be aware of

the lesser amount of information on girls’ development, especially for older age groups. This

scarcity highlights the need for more information over a larger age-span to better understand

development throughout the entire adolescent period.

Conclusion

This review highlighted the progressive improvement in most physical characteristics during

adolescence, in both girls and boys in team sports, largely influence by growth and maturation.

During early adolescence, the development is stable and rapid but appears to slow down

towards late adolescence. Girls have a slower development compared to boys, which can be

attributed to the differences in maturation between the sexes, where boys greatly benefit from

a greater increase in testosterone and limb length [17]. While the groups in this review were
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structured by chronological age, exploring development based on biological age would add

interesting insights to better understand the role of maturation on physical development in

adolescent athletes. Future research is encouraged to include maturation measures to offer

more precise insights into the influence of variation in maturation on longitudinal develop-

ment of physical characteristics in team sport athletes. With only limited studies investigating

the effects of training load and team sports participation on long-term physical development,

definitively establishing their impact during this period is challenging. To improve our under-

standing on this topic, future research should incorporate different measures of training load

when investigating changes in physical characteristics in adolescent team sport athletes.
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