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Introduction

Strength training is an important component of phy-
sical development, athletic preparation, and health 
promotion in youth populations, including children 
and adolescents (7, 11). In addition to increasing mu-
scular strength, previous studies have shown that 
strength training can improve athletic performance 
and muscular fitness (4, 16), support healthy body 
composition and metabolic function (14, 22), and 
contribute positively to long-term health and phy-
sical literacy in youth (8, 28).

Despite its well-established importance, partici-
pation in structured muscle-strengthening activities 
among adolescents remains limited. Epidemiologi-
cal evidence from 28 European countries showed 
that only a minority of adolescents achieved suffi-
cient muscle-strengthening activity (5), whereas 
national data from the United States also indicated 
low compliance with muscle-strengthening activity 
recommendations among youth (24).

As the literature has accumulated, research on 
youth strength training has gradually expanded 
from early concerns regarding safety and feasibility 
to broader topics, including athletic development, 

injury prevention, health-related benefits, and 
school-based intervention practice (2, 11). Existing 
position statements and reviews further indica-
te that the field now spans multiple disciplinary 
perspectives, including pediatric exercise science, 
physical education, strength and conditioning, and 
sports medicine (17, 25). These developments suggest 
that the field is not lacking in individual studies; 
rather, it has evolved into a research area charac-
terized by thematic diversity and interdisciplinary 
perspectives.

However, most existing studies and reviews have 
primarily focused on whether strength training is 
safe, whether it is effective, and which performance- 
or health-related outcomes it may influence (4, 9). 
In contrast, the overall developmental landscape of 
the field itself remains insufficiently understood. It 
is still unclear which influential publications consti-
tute the core knowledge base of youth strength trai-
ning research, which authors, institutions, and coun-
tries have played leading roles in shaping the field, 
and how research hotspots and themes have evolved 
over time. Because the present study focuses not 
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Trends und Hotspots der Forschung zum Krafttraining im Jugendalter:  
Eine bibliometrische Analyse der 100 meistzitierten Artikel

	› Objective: This study aimed to conduct a bibliometric analysis of the 100 most-cited publications on youth strength training to identify 
influential literature, major contributors, research hotspots, and thematic development in the field.

	› Methods: Data were retrieved from the Web of Science Core Collection on March 20, 2026. After screening according to predefined criteria, 
the 100 most-cited eligible publications involving children, adolescents, or young athletes were included. Microsoft Excel and Bibliometrix/
Biblioshiny (R) were used to analyze publication characteristics, source distribution, leading contributors, collaboration patterns, keyword 
occurrence, and temporal thematic trends.

	› Results: The dataset included 100 publications published between 1984 and 2021 across 43 sources, involving 455 authors. The most-cited 
article was the 2009 National Strength and Conditioning Association position statement on youth resistance training. The literature was 
concentrated in a small number of core journals, led by the Journal of Strength and Conditioning Research. The United States ranked first 
in both scientific production and citation impact. The highly cited literature was mainly organized around six domains: guidelines and 
safety, athletic performance, obesity and metabolic health, neuromuscular adaptation, broader health-related outcomes, and applied imple-
mentation. Temporal keyword trends indicated a shift from early concerns with safety and developmental feasibility toward performance 
enhancement, health-related application, and evidence-informed practice.

	› Conclusion: Youth strength training research has evolved from a safety-focused stage into a more mature and interdisciplinary field char-
acterized by performance, health, and practical application. This study provides a structured overview of the field’s influential knowledge 
base and may help guide future research, evidence synthesis, and practical program design for young populations.
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on the effectiveness of specific training interventions, but on 
the research field itself and its highly influential literature, bi-
bliometric analysis is particularly well suited to identifying its 
knowledge structure, core contributors, collaboration patterns, 
and thematic trends (6, 27). Therefore, this study conducted a 
bibliometric analysis of the 100 most-cited articles on youth 
strength training indexed in the Web of Science Core Collec-
tion. Specifically, it aimed to identify influential publications, 
leading authors, institutions, countries, and journals, as well as 
collaboration patterns, research hotspots, and thematic trends, 
thereby providing a structured and comprehensive overview of 
the knowledge base of youth strength training research and of-
fering a reference for future topic selection, evidence synthesis, 
and the design of related practical programs.

	 Materials and Methods	

Study Design and Data Source
This study employed a bibliometric approach to analyze highly 
cited publications in the field of youth strength training rese-
arch. Bibliometric analysis is well suited to identifying influen-
tial publications, core contributors, collaboration structures, 
and thematic evolution within a research field, thereby provi-
ding an overview of its knowledge structure and developmental 
trajectory (6, 27). Data were retrieved from the Web of Science 
Core Collection. This database was selected because it provi-
des citation-based records suitable for identifying highly cited 
literature and for conducting citation analysis, collaboration 
network analysis, and knowledge mapping.

The literature search and data export were completed on 
March 20, 2026. The search covered all records available in the 
database from its inception to the date of retrieval. Only Ar-
ticles and Review Articles published in English were considered.

Search Strategy and Eligibility Criteria
To improve retrieval sensitivity and reduce terminology bias, 
an expanded synonymous search strategy was adopted. The se-
arch was constructed around terms related to strength training 
and youth populations. The final search query was as follows: 
(„strength training“ OR „resistance training“ OR „resistance 
exercise“ OR „weight training“ OR „muscle-strengthening exer-
cise“ OR „strength exercise“ OR „strengthening exercise“) AND 
(„adolescen“ OR „teen“ OR „youth“ OR „young athlete“).

The initial search yielded 2,324 records. After limiting the 
document types to Article and Review Article and restricting 
the language to English, 2,124 records remained for further 
screening.

In the present study, strength training was defined as a 
structured training modality primarily intended to impro-
ve muscular strength, power, strength-related performance, 

Top 10 most-cited publications in the final dataset, including first author, year, article type, and total citation count.

RANK FIRST AUTHOR YEAR TITLE TYPE TOTAL CITATIONS

1 Faigenbaum 2009
Youth Resistance Training: Updated Position Statement Paper from the 

National Strength and Conditioning Association
Position statement 706

2 Lloyd 2014
Position statement on youth resistance training: the 2014 International 

Consensus
Position statement 380

3 Lee 2012
Effects of Aerobic Versus Resistance Exercise Without Caloric Restriction 

on Abdominal Fat, Intrahepatic Lipid, and Insulin Sensitivity in Obese 
Adolescent Boys

Original study 274

4 Faigenbaum 2010
Resistance training among young athletes: safety, efficacy and injury 

prevention effects
Narrative review 261

5 Lesinski 2016
Effects and dose-response relationships of resistance training on physi-
cal performance in youth athletes: a systematic review and meta-ana-

lysis

Systematic review 
and meta-analysis

251

6 Behm 2008
Canadian Society for Exercise Physiology position paper: resistance 

training in children and adolescents
Position paper 245

7 Buchheit 2010
Improving repeated sprint ability in young elite soccer players: repeated 

shuttle sprints vs. explosive strength training
Original study 243

8 Shaibi 2006
Effects of resistance training on insulin sensitivity in overweight Latino 

adolescent males
Original study 242

9 Christou 2006
Effects of resistance training on the physical capacities of adolescent 

soccer players
Original study 207

10 Granacher 2016
Effects of Resistance Training in Youth Athletes on Muscular Fitness 
and Athletic Performance: A Conceptual Model for Long-Term Athlete 

Development

Conceptual /  
narrative review

198

Table 2

Main bibliometric characteristics of the 100 included publications.

DESCRIPTION RESULTS

Timespan 1984:2021

Sources (Journals, Books, etc) 43

Documents 100

Document Average Age 15,5

Average citations per doc 111,3

References 3202

Keywords Plus (ID) 360

Author's Keywords (DE) 203

Authors 455

Authors of single-authored docs 3

Single-authored docs 4

Co-Authors per Doc 6,21

International co-authorships % 35

Table 1
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or neuromuscular capacity through 
external resistance, progressive over-
load, or other structured resistan-
ce-based stimuli (9, 11). Youth strength 
training research was used as an um-
brella term referring to strength- and 
resistance-training studies involving 
children, adolescents, and young ath-
letes. Adolescents were conventionally 
defined as individuals aged 10–19 ye-
ars, consistent with commonly used 
age ranges in adolescent health rese-
arch (26). Studies involving children 
or young athletes were retained only 
when their primary focus was clearly 
relevant to youth strength training, 
resistance-training prescription, de-
velopmental adaptation, health-rela-
ted outcomes, or athletic performance 
in young populations.

The inclusion criteria were as fol-
lows: i) the study primarily focused on 
strength training or resistance trai-
ning; ii) the study population consisted 
of children, adolescents, or young ath-
letes, and the topic was clearly relevant 
to youth strength training research; 
iii) the document type was an original 
research article or review article; iv) 
the publication language was English.

The exclusion criteria were as fol-
lows: i) the record matched the search 
terms but did not primarily address 
youth strength training, such as stu-
dies on general physical activity, men-
tal health, nutrition, drug or steroid 
use, disease management, or purely 
methodological testing studies; ii) the 
study population did not primarily in-
volve children, adolescents, or young 
athletes, or the relevance to youth 
strength training research was uncle-
ar; iii) the document type was neither 
an Article nor a Review Article; iv) the 
publication language was not English.

To maintain consistency between 
the title and the final dataset, studies 
focusing primarily on special clini-
cal rehabilitation populations and 
serving mainly disease management 
purposes were excluded from the final 
analysis. In contrast, studies involving 
health-related subgroups closely as-
sociated with youth strength training 
practice, such as overweight, obesity, or hypertension, were re-
tained when the central intervention remained strength trai-
ning or resistance training.

Screening, Data Extraction, and Standardization
All records were sorted in descending order by Times Cited 
to ensure consistency with the study design based on the 100 
most-cited publications. Two researchers independently scree-
ned titles and abstracts. Full texts were reviewed when relevan-
ce could not be determined from the title and abstract alone. 

Disagreements were resolved through discussion, and when 
necessary, a third senior researcher adjudicated the decision.

After the relevance screening had been completed, eligible 
records were ranked by citation count, and the 100 most-cited 
publications were included in the bibliometric analysis (sup-
plementary material online, table S1). The screening process is 
presented in figure 1.

Prior to the formal analysis, we verified author names, in-
stitution names, and journal names, and standardized them 
where necessary. The frequency of country/region and 

Figure 1  
Screening process for identifying the 100 most-cited eligible publications.

Identification
Web of Science Core Collection
Search Date: March 20, 2026

Records identified n=2324

Records screened n=2324

Excluded
(document type / language) n=200
Non-Article / Review or non-English

Records remaining: n=2124

Included
Final Dataset: n=100

Top 100 highly-cited publications

Assessed for eligibility: n=2124

Excluded
(document type / language) n=200
Non-Article / Review or non-English

Figure 2  
Country collaboration network based on international co-authorship in the included publications.
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institution occurrences was calculated based on the number 
of times the author‘s affiliation appeared; therefore, the total 
frequency of these variables may exceed 100.

Bibliometric Analysis and Visualization
Bibliometric analysis was conducted using Microsoft Excel and 
Bibliometrix/Biblioshiny (R). Excel was used for data organiza-
tion and descriptive statistics, whereas Bibliometrix was used 
for citation analysis, collaboration network analysis, keyword 
analysis, and thematic trend analysis (1). Following the general 
framework of bibliometric research, the present study incor-
porated both performance analysis and science mapping. The 
former was used to identify influential publications, leading au-
thors, institutions, countries, and journals, whereas the latter 
was used to reveal collaboration structures, research hotspots, 
and thematic evolution (6, 27).

The analytical dimensions included annual publication out-
put and document type distribution, influential publications 
and citation characteristics, contributions of authors, institu-
tions, countries, and journals, author and country collaboration 
networks, keyword occurrence analysis, and thematic trend 
analysis. The results were presented in tables and visual maps 
to depict the knowledge structure, collaboration patterns, and 
thematic evolution of youth strength training research.

	 Results	

General Characteristics of the Dataset
Table 1 presents the overall characteristics of the final data-
set. This dataset contains 100 highly cited articles on youth 
strength training, published between 1984 and 2021 from 43 
sources. These articles were authored by 455 researchers, with 
an average of 6.21 co-authors per article. Only 4 articles are 
single-authored, involving 3 authors. International collabora-
tors account for 35% of all included articles. The average pub-
lication time is 15.5 years, and the average number of citations 
per article is 111.3. The dataset contains 3202 cited references, 
203 author keywords, and 360 keyword expansion entries.

Characteristics and Topical Profile  
of the 100 Most-Cited Articles
Most-Cited Publications: Table 2 presents the 10 most-cited 
publications in the final dataset. The most-cited article was 
Youth Resistance Training: Updated Position Statement Paper 

from the National Strength and Conditioning Association by Fa-
igenbaum et al. (2009), with 706 citations. This was followed by 
the 2014 International Consensus statement on youth resistan-
ce training by Lloyd et al. (2014), which received 380 citations. 
The third-ranked publication was the randomized controlled 
trial by Lee et al. (2012), which examined the effects of aerobic 
versus resistance exercise on abdominal fat, intrahepatic lipid, 
and insulin sensitivity in obese adolescent boys and had 274 
citations.

In summary, the highest-ranked publications were domina-
ted by position statements, narrative reviews, and systematic 
reviews/meta-analyses. Among the top 10 papers, six were gui-
dance or evidence-synthesis papers, whereas four were origi-
nal intervention studies. The intervention studies were mainly 
concentrated in two directions: obesity- and metabolism-rela-
ted outcomes in adolescents and sport-specific performance 
development in youth athletes. 

Topical Distribution of the Most-Cited Publications
Table 3 summarizes the thematic distribution of 100 highly 
cited articles, based on a manual selection of article titles and 
abstracts. These articles were divided into six thematic areas. 
The largest group involved athletic performance and specific 
sport development (n=33, 33.0%), followed by obesity, fat ac-
cumulation, and metabolic health (n=20, 20.0%), guidelines, 
safety, and program design (n=18, 18.0%), and neuromuscular 
adaptation, maturation, and physiological mechanisms (n=15, 
15.0%). Smaller but distinctive groups focused on broader he-
alth-related outcomes (n=8, 8.0%), including bone health, body 
composition, athletic performance, and psychosocial outco-
mes, as well as application implementation and practice (n=6, 
6.0%), such as supervision, school-based programs, coaching 
practices, and resistance training skills assessment.

In summary, the highly cited literature on youth strength 
training mainly revolves around three research directions: the 
safety and standardization of resistance training in young po-
pulations, the improvement of athletic performance in youth 
athletes, and the impact of resistance training on health and 
metabolic outcomes in children and adolescents. 

Core Journals and Source Distribution
The 100 most cited papers were published from 43 different 
sources, but the distribution is clearly concentrated in a few 
journals. The Journal of Strength and Conditioning Research 

Topical distribution of the 100 most-cited publications by thematic domain.

THEMATIC DOMAIN N % MAIN FOCUS REPRESENTATIVE PUBLICATIONS
Guidelines, safety, and pro-
gram design

18 18
Position statements, safety, feasibility, terminology, 

recommendations, and programme design
Faigenbaum et al. (2009); Lloyd et al. (2014); 

Behm et al. (2008); Faigenbaum & Myer (2010)
Athletic performance and 
sport-specific development

33 33
Strength, power, sprint, jump, agility, and sport-specific 

physical development in youth athletes
Buchheit et al. (2010); Christou et al. (2006); 
Granacher et al. (2016); Wong et al. (2010)

Obesity, adiposity, and meta-
bolic health

20 20
Obesity, overweight, adiposity, insulin sensitivity, meta-

bolic syndrome, and cardiometabolic risk
Lee et al. (2012); Shaibi et al. (2006); Sigal et 

al. (2014); Schranz et al. (2013)
Neuromuscular adaptations, 
maturation, and physiological 
mechanisms

15 15
Hormonal responses, neuromuscular adaptation, ma-

turation, growth, trainability, and detraining
Ozmun et al. (1994); Moran et al. (2017); 

Kumar et al. (2021); Granacher et al. (2011)

Broader health-related 
outcomes

8 8
Bone mineral density, body composition, motor skills, 
psychosocial outcomes, and functional health effects

Behringer et al. (2011); Blimkie et al. (1996); 
Collins et al. (2019); Nichols et al. (2001)

Applied implementation and 
practice

6 6
Supervision, school-based interventions, coaching prac-

tice, skill assessment, and applied youth conditioning 
contexts

Coutts et al. (2004); Eather et al. (2016); 
Duehring et al. (2009); Lubans et al. (2014)

Table 3
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is the primary source, contributing 26 papers, accounting for 
more than a quarter of the dataset. The British Journal of Sports 
Medicine and Pediatrics rank second, each with 5 papers. Fron-
tiers in Physiology, International Journal of Sports Medicine, 
Journal of Sports Sciences, Medicine and Science in Sports and 
Exercise, and Sports Medicine each contributed 4 papers, while 
the Journal of Pediatrics and Pediatric Exercise Science each 
contributed 3 papers.

The Bradford’s law analysis, shown in supplementary ma-
terial online,figure S1, further confirmed that the highly cited 
literature was concentrated in a small number of core journals, 
led by the Journal of Strength and Conditioning Research, the 
British Journal of Sports Medicine, and Pediatrics. This pattern 
suggests that youth strength training research is mainly disse-
minated through journals at the intersection of strength and 
conditioning, sports medicine, pediatric exercise science, and 
youth health research.

In summary, the source distribution suggests that research 
on youth strength training is mainly published at the intersec-
tion of strength and conditioning, clinical sports medicine, 
pediatric exercise science, and youth health-related research.

Leading Countries, Authors, and Institutions
Country-level scientific production and citation perfor-
mance: Table 4 presents the country-level scientific production 
and citation performance in the dataset. In terms of citation 
impact, the United States ranked first with 4,821 total cita-
tions, followed by Germany (1,712), Canada (1,049), and the 
United Kingdom (917). Australia (742) and Spain (443) also 
showed relatively high citation counts, whereas Greece (261), 
France (243), Brazil (239), and Portugal (174) contributed 
more modest citation totals. With respect to average article 
citations, France recorded the highest value (243), followed 
by the United States (133.9) and Greece (130.5). In terms of 
scientific production, calculated on the basis of author-affi-
liation occurrences, the United States also ranked first (164 
occurrences), followed by Canada (71), the United Kingdom 
(45), and Germany (41). 

In summary, these findings indicate that the highly cited litera-
ture on youth strength training was led primarily by North Ame-
rican and European countries, with the United States occupying 
the dominant position in both production and citation impact.

Leading authors: The author distribution, provided in supple-
mentary material online,figure S2, indicates that the highly cited 
literature on youth strength training was shaped by a relatively 
small group of frequently publishing authors. Faigenbaum AD was 
the most prolific author, with 17 papers, followed by Granacher 
U with 8 papers and Lloyd RS and Myer GD with 6 papers each.

Leading institutions: The College of New Jersey ranked first, 
appearing in 22 articles, followed by the Federal University of 
São Paulo with 20 articles. The University of Calgary and the 
University of Potsdam each appeared in 15 articles, while the 
University of Newcastle contributed 11 articles. The University 
of Ottawa and the University of Pittsburgh each appeared in 
10 articles, followed by Cardiff Metropolitan University with 9 
articles. Cincinnati Children’s Hospital Medical Center and Me-
morial University of Newfoundland each appeared in 8 articles 
(supplementary material online, table S2). 

In summary, the institutional distribution indicates that 
the highly cited literature on youth strength training was sup-
ported by a relatively concentrated group of universities and 
medical research centers, with notable contributions from in-
stitutions in North America, Europe, and Brazil.

Collaboration Patterns
Author collaboration patterns: The network indicates that 
collaboration among authors was organized around several re-
curring research groups rather than being evenly distributed 
across all contributors. Faigenbaum AD occupied a central posi-
tion in the network, with multiple strong links to other authors, 
suggesting an important role in the collaborative structure of 
the field. Close collaborative ties were also observed among au-
thors such as Lloyd RS, Myer GD, Behm DG, and Prieske O, for-
ming a cluster mainly related to youth resistance training, 

 

Figure 3  
Treemap of the most frequent keywords in the final dataset; rectangle size represents keyword occurrence frequency.
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athletic development, and performance-oriented research. Ad-
ditional collaborative clusters were identified around authors 
such as Sigal RJ, Goldfield GS, Prud’homme D, and Kenny GP, 
reflecting another research line related to obesity, exercise in-
tervention, and health outcomes in adolescents (supplementary 
material online, figure S3).

In summary, the author collaboration pattern suggests 
that the highly cited literature on youth strength training was 
shaped by several relatively well-defined collaborative groups, 
with a small number of highly connected authors playing cen-
tral roles.

Country collaboration patterns: The country collaboration 
network is provided in figure 2. The network was centered on 
the United States, which showed strong collaborative links with 
several countries, particularly Canada, the United Kingdom, 
and Australia. These connections indicate that international 
cooperation in the highly cited literature was concentrated 
among a few leading countries. Additional links were observed 
among European countries such as Germany, Spain, Italy, and 
the Netherlands, although these connections appeared weaker 
than those involving the United States. Smaller nodes, including 
Cyprus, Qatar, Tunisia, and Chile, were located on the network 
periphery, indicating a lower level of participation in internati-
onal collaboration within this dataset.

In summary, the country collaboration pattern suggests that 
the cooperative structure of youth strength training research 
was centered primarily on the United States, with support from 
other North American, European, and Oceanian countries.

Keyword Occurrence and Research Hotspots
Figure 3 presents a treemap of the most frequently used keywords 
in the dataset. The keyword distribution is mainly composed 
of terms related to the general population and training, with 
„children“ (appearing 36 times, 10%) and „strength“ (appearing 
34 times, 10%) being the two most frequent keywords. This was 
followed by „exercise“ (25 occurrences, 7%), „physical activity“ 
(25 occurrences, 7%), and „program“ (22 occurrences, 6%). Other 
high-frequency words include „adolescents“ (appearing 16 times, 
5%), „performance“ (appearing 16 times, 5%), „explosive power“ 
(appearing 14 times, 4%), „resistance“ (appearing 14 times, 4%), 
„physical performance“ (appearing 14 times, 4%), and „body 
composition“ (appearing 13 times, 4%).

Keyword analysis also revealed several more specific thematic 
clusters. One cluster was related to athletic performance, inclu-
ding terms such as explosive power, physical performance, ver-
tical jump, sprinting, and sprint performance. A second cluster 
reflected health and body-composition outcomes, including body 
composition, overweight, insulin sensitivity, adipose tissue, and 
skeletal muscle. A third cluster was related to growth, adaptati-
on, and adolescent development, with keywords including ado-
lescent, adaptation, boys, and pre-puberty. Furthermore, injury 
was a recurring term, indicating that safety and injury-related 
issues remained an important part of the research area.

In summary, the keyword distribution indicates that rese-
arch hotspots in youth strength training focus on three aspects. 
training prescription and program-related practices, impro-
vement of athletic performance, and outcomes related to health 
and body composition, with particular attention to adaptations 
related to growth and maturation in young populations.

Temporal Evolution of Major Research Themes
Figure 4 shows the temporal distribution of major keywords 
in the dataset, providing an overview of the evolution of major 
research themes over time. In the earlier phase of the literature, 
the dominant terms were mainly related to participant cha-
racteristics and developmental status, including girls, males, 
boys, pubescent, and prepubescent. During the subsequent pe-
riod, the keyword profile expanded toward more training- and 
health-related topics, with frequent terms such as resistance, 
exercise, physical activity, body composition, injuries, child-
ren, youth, strength, adolescents, performance, and program. 
In the more recent phase, the thematic emphasis shifted further 
toward physical performance and more specific sport-related 
and neuromuscular concepts, including vertical jump, sprint, 
sprint performance, stretch-shortening cycle, muscular fitness, 
and skeletal muscle. In addition, the appearance of terms such 
as position statement in the later period suggests growing at-
tention to evidence synthesis and consensus-building within 
the field. 

In summary, the temporal keyword distribution indicates 
that youth strength training research evolved from an early 
focus on developmental characteristics and basic training ad-
aptation toward a broader emphasis on performance enhance-
ment, health-related outcomes, and evidence-informed training 
practice.

	 Discussion	

Intellectual Structure of the Field: from Safety Validati-
on to Efficacy-Oriented Development
The present bibliometric analysis of the 100 most-cited pub-
lications indicates that youth strength training research has 
evolved around a relatively clear intellectual core. The most 
influential literature was dominated by position statements, 
consensus papers, and evidence syntheses, particularly those 
addressing the safety, feasibility, and program design of youth 
resistance training (2, 11). This pattern suggests that the early 
development of the field depended heavily on resolving a fun-
damental issue: whether children and adolescents can safely 
engage in resistance training when it is appropriately supervi-
sed and prescribed (17, 25).

At the same time, the present results show that the field has 
moved well beyond this initial safety-oriented stage. In the 
topical classification of the 100 most-cited articles, one of the 
largest domains was athletic performance and sport-specific 
development, and the keyword results highlighted terms such 

Country-level scientific production and citation performance in the final 
dataset; scientific production was based on author-affiliation occurrences.

RANK COUNTRY
TOTAL 

CITATIONS 
(TC)

AVERAGE 
ARTICLE 

CITATIONS

SCIENTIFIC 
PRODUCTION 

(OCCURRENCES)
1 UNITED STATES 4821 133,9 164

2 GERMANY 1712 114,1 41

3 CANADA 1049 116,6 71

4 UNITED KINGDOM 917 83,4 45

5 AUSTRALIA 742 82,4 34

6 SPAIN 443 88,6 15

7 GREECE 261 130,5 5

8 FRANCE 243 243 3

9 BRAZIL 239 59,8 24

10 PORTUGAL 174 87 4

Table 4
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as strength, performance, power, physical performance, vertical 
jump, and sprint. These findings suggest that youth strength 
training research has gradually shifted from asking whether 
youth can train safely to examining how training can be opti-
mized to improve athletic performance, muscular fitness, and 
sport-specific outcomes. This interpretation is consistent with 
previous syntheses showing that resistance training can impro-
ve strength, jumping ability, sprint performance, and broader 
physical performance in youth athletes (4, 16). It is also suppor-
ted by later conceptual and applied work emphasizing athlete 
development and performance progression in young popula-
tions (3, 12). Accordingly, the field appears to have developed 
from a phase of safety validation toward a phase of efficacy 
optimization and applied athletic development.

Dual Orientation of the Field: Athletic Performance  
and Youth Health
Another major finding is that the highly cited literature is not 
confined to sport-performance enhancement. In both the to-
pical classification and the keyword distribution, a substan-
tial proportion of influential studies focused on obesity, body 
composition, insulin sensitivity, metabolic health, and other 
health-related outcomes. This pattern indicates that youth 
strength training research has developed along two major lines: 
one oriented toward athletic performance, and the other toward 
health promotion and clinical prevention.

The athletic branch of the literature is strongly represented by 
studies and syntheses centered on youth athletic development, 
with outcomes focused on strength, power, speed, and broader 
physical performance (12, 16). At the same time, the health-re-
lated branch is equally prominent. Several highly cited studies 
examined the effects of resistance training on adiposity, insulin 

sensitivity, body composition, and cardiometabolic outcomes 
in overweight or obese children and adolescents (14, 22). This 
health-oriented direction was further strengthened by large in-
tervention trials examining body fat and cardiometabolic risk 
markers in obese adolescents (23). In addition, broader health-re-
lated outcomes such as bone health, motor performance, physical 
literacy, and psychosocial variables also emerged as meaningful 
themes (4, 28). Therefore, the present findings support the view 
that youth strength training has developed into a dual-purpose 
field, serving both competitive sport and youth health promotion.

Knowledge Production and Collaboration are  
International, but Geographically Concentrated
The results for countries, authors, institutions, and collaboration 
patterns indicate that the field is highly internationalized but 
remains geographically concentrated. The United States occu-
pied the dominant position in both scientific production and 
citation impact, while Canada, Germany, the United Kingdom, 
and Australia also made substantial contributions. At the author 
level, the field was shaped by a relatively small group of recurring 
contributors, with Faigenbaum, Granacher, Lloyd, Myer, Behm, 
and Prieske occupying particularly prominent positions. At the 
institutional level, highly cited outputs were concentrated in a 
limited number of universities and research centers.

This concentration is also reflected in the collaboration 
networks. The author collaboration network showed that the 
literature was organized around several relatively stable re-
search groups rather than being evenly distributed across all 
contributors. One prominent group centered on Faigenbaum 
and closely related collaborators, whose work has been parti-
cularly influential in youth resistance training safety, program 
design, and long-term athletic development (9, 11). Another 

 

Figure 4  
Temporal distribution of major keywords, showing thematic changes in youth strength training research over time.
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visible line of collaboration involved obesity- and health-ori-
ented intervention research, particularly in studies on body 
composition and cardiometabolic outcomes in adolescents (14, 
23). Thus, although youth strength training research is clearly 
international, knowledge production in this field is still driven 
primarily by North American and European research systems.

Interdisciplinary Expansion and  
Translational Significance of the Field
The source distribution and thematic profile indicate that youth 
strength training research is no longer confined to traditional 
strength and conditioning science. Although the Journal of 
Strength and Conditioning Research was the dominant publi-
cation outlet, the field was also strongly represented in journals 
such as British Journal of Sports Medicine, Pediatrics, Sports 
Medicine, and Pediatric Exercise Science. This distribution sug-
gests that the field now sits at the intersection of strength and 
conditioning, sports medicine, pediatrics, and health-related 
youth research.

This interdisciplinary expansion is further reflected in the 
content of the highly cited literature. Some influential studies 
addressed injury prevention and physical literacy (28), some 
focused on school-based strength and skill development (10), 
and others examined youth conditioning practice and skill 
competence (18). In addition, several reviews and conceptual 
papers linked youth resistance training to long-term athletic 
development and age-appropriate training prescription (12, 21). 
Together, these findings suggest that the field has moved from 
a narrowly performance-focused paradigm toward a broader 
translational framework that includes athletic development, he-
alth promotion, injury prevention, physical literacy, and school/
community implementation.

Temporal Evolution of Major Themes  
and Future Directions
The temporal distribution of major keywords suggests a mea-
ningful thematic shift over time. Earlier studies were characte-
rized by concerns related to developmental stage, maturation, 
and the basic feasibility of training in children and early adole-
scents (7, 11). In the subsequent period, the literature expanded 
toward intervention, safety, body composition, and health-re-
lated outcomes (8, 14). In the most recent phase, the thematic 
emphasis shifted more clearly toward physical performance, 
muscular fitness, physiological adaptation, and evidence-in-
formed practice, as reflected in later evidence syntheses and 
narrative reviews (15, 16). More recent work also highlights the 
importance of growth, maturation, and neuromuscular adapta-
tion in interpreting youth strength-training outcomes (13, 20).

The developmental trajectory of the field can be summarized 
as a shift from developmental feasibility and safety, to health and 
intervention outcomes, and then to performance optimization, 
mechanistic understanding, and practical translation. Based on 
the present findings, several future directions appear particu-
larly important. First, more longitudinal and maturity-sensitive 
studies are needed to distinguish training-induced adaptations 
from normal growth and development (13, 20). Second, grea-
ter attention should be given to school- and community-based 
implementation, especially in relation to physical literacy, skill 
competence, and long-term health promotion (10, 18). 

In summary, the present bibliometric findings suggest that 
youth strength training research has evolved from a safety va-
lidation phase to a more mature stage characterized by perfor-
mance enhancement, health-related application, interdiscipli-
nary expansion, and evidence-informed translation.

	 Conclusion	

This bibliometric analysis of the 100 most-cited publications on 
youth strength training showed that the influential literature 
in this field has developed from an early emphasis on safety and 
feasibility toward a broader focus on athletic performance, he-
alth-related outcomes, neuromuscular adaptation, and applied 
implementation. The highly cited publications were concentra-
ted in a limited number of core journals and were led prima-
rily by North American and European countries, authors, and 
institutions. Overall, youth strength training has emerged as a 
dual-purpose research field linking athletic development with 
youth health promotion. By mapping influential publications, 
contributors, collaboration patterns, and thematic trends, 
the present study provides a structured overview of the field’s 
knowledge base and may help guide future research, evidence 
synthesis, and practical program design for young populations.

	 Limitations	

This study was limited by its restriction to the Web of Science 
Core Collection, English-language publications, and the 100 
most-cited articles. Citation-age bias and the underrepresen-
tation of newer studies should also be acknowledged. In ad-
dition, thematic classification involved a degree of researcher 
judgment, and country- and institution-level frequencies were 
calculated based on author-affiliation occurrences. Finally, bi-
bliometric findings reflect publication patterns and knowledge 
structure rather than methodological quality or intervention 
effectiveness.�
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What is already known about this topic? 

Youth strength training is considered safe and effective when 
properly supervised, with benefits for muscular fitness, perfor-
mance, and selected health outcomes. 

What does this study add?

This bibliometric analysis of the 100 most-cited publications 
shows that the field has shifted from early concerns about safe-
ty and feasibility toward performance, health-related outcomes, 
neuromuscular adaptation, and applied practice.

Summary Box
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