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Abstract

Resistance Training (RT) in youth has evolved from a misunderstood and often discouraged practice into
a foundational element of physical development. Recent decades have seen a significant shift in the
perception of RT for children and adolescents, driven by empirical evidence demonstrating its safety,
efficacy, and long-term benefits. This review explores the best practices in designing resistance training
programs for youth, with an emphasis on developmental appropriateness, safety protocols, and evidence-
based outcomes. Drawing on longitudinal studies, meta-analyses, and policy recommendations from
reputable health organizations, this paper evaluates the impact of RT on musculoskeletal health, motor
competence, psychological resilience, and chronic disease prevention. Findings suggest that early and
appropriately supervised exposure to RT can instill lifelong habits of physical activity, enhance academic
and social outcomes, and mitigate risks associated with sedentary behavior. Moreover, resistance training
has emerged as a critical countermeasure to the rising prevalence of youth obesity and metabolic
disorders. The review concludes by emphasizing the need for integration of RT into educational curricula
and public health strategies to support holistic youth development.

Keywords: Resistance training, youth fitness, motor competence, obesity prevention, psychological
resilience, musculoskeletal health

Introduction
Over the past three decades, global trends in childhood health have shown alarming patterns.
According to the World Health Organization (2020) 81, more than 340 million children and
adolescents aged 5-19 were overweight or obese in 2016, a figure that continues to rise.
Alongside this, declines in muscular fitness, bone density, and cardiovascular health among
youth have been widely documented. These trends are not merely reflections of poor dietary
habits, but also of reduced physical activity and inadequate strength development. Resistance
Training (RT), once dismissed as harmful or inappropriate for young individuals, has garnered
significant scientific support as a safe and essential form of exercise with multifaceted
benefits. Its positive effects are not limited to athletic performance but extend to mental health,
injury prevention, metabolic stability, and long-term physical literacy.
The skepticism surrounding resistance training in youth is deeply rooted in outdated beliefs
and misinterpretations of growth-related physiology. Concerns about growth plate injuries,
stunted height, and premature overexertion led many pediatricians and educators in the 20th
century to discourage any form of weightlifting among pre-adolescents. However, these
assumptions have been debunked by contemporary evidence-based research. Notably, a
position statement published by the National Strength and Conditioning Association (NSCA)
in 2009 affirmed that RT, when properly prescribed and supervised, is not only safe but
advantageous for children and adolescents. Furthermore, the American Academy of Pediatrics
(2010) highlighted that RT can be a key contributor to youth health when integrated into a
balanced physical activity regimen.
Resistance training, defined as any exercise that causes muscles to contract against an external
resistance with the expectation of increasing strength, tone, mass, or endurance, encompasses a
variety of forms from bodyweight movements and resistance bands to free weights and
machines. For youth, it provides a structured environment to develop neuromuscular control,
postural awareness, and biomechanical efficiency. Importantly, it supports the development of
bone density during critical periods of skeletal growth, particularly during the pubertal growth
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spurt when bone mineral accrual is most responsive to
mechanical loading. The current review synthesizes the latest
findings from peer-reviewed studies, institutional guidelines,
and global health reports to map the landscape of resistance
training in youth. It outlines best practices in program design,
addresses common safety concerns, and explores long-term
physical and psychological outcomes. Additionally, it
examines disparities in access to RT among different
populations, including girls, children with disabilities, and
those from low-income communities, emphasizing the role of
schools and public policy in bridging these gaps.

This paper is intended to serve as a comprehensive reference
for educators, coaches, health professionals, and policymakers
invested in youth development. The goal is to advocate for the
widespread adoption of RT as an indispensable tool in
building healthier, stronger, and more resilient younger
generations.

Objective

The objective of this paper is to critically examine the role of
resistance training in youth development by reviewing best
practices, safety  considerations, physiological and
psychosocial benefits, and long-term health outcomes. It aims
to provide evidence-based guidance for integrating resistance
training into school and community programs to support
holistic and inclusive youth fitness.

Literature Review

Over the past three decades, Resistance Training (RT) in
youth has evolved from a contentious topic to a well-
supported intervention in pediatric exercise science. Early
skepticism surrounding RT was largely influenced by
anecdotal concerns regarding growth plate damage and
stunted linear growth (Faigenbaum et al., 1996) [, However,
contemporary empirical evidence has refuted these claims,
showing that properly supervised and age-appropriate RT is
both safe and effective. A seminal randomized trial by
Faigenbaum and colleagues (1996) M found significant
strength improvements in prepubescent children without any
reported injuries, emphasizing the role of neuromuscular
adaptations over hypertrophy at younger ages.

A meta-analysis by Behringer et al. (2010) @, incorporating
over 40 studies and 1,700 participants, confirmed that RT
improves muscular strength in youth by 20-40%, with gains
primarily attributed to neural mechanisms. These findings
have been pivotal in prompting professional bodies such as
the National Strength and Conditioning Association (NSCA,
2009) Bl and the American Academy of Pediatrics (AAP,
2008) to endorse RT for children and adolescents when
delivered under qualified supervision.

The Youth Physical Development (YPD) model proposed by
Lloyd and Oliver (2012) U contributed a developmental
framework for integrating strength, coordination, and motor
skills training based on “windows of opportunity” during
childhood and adolescence. Studies also highlight that RT
supports bone mineral density (Bailey et al., 1999) [
metabolic fitness (Benson et al., 2008) [, and injury
prevention (Hewett et al., 2006) [2%], positioning it as a critical
tool for long-term musculoskeletal health.

Psychologically, RT has shown positive effects on self-
esteem, anxiety reduction, and cognitive performance. Lubans
et al. (2010) [ demonstrated that school-based RT
significantly improved adolescents’ physical self-perceptions.
Additionally, Gordon et al. (2017) 1% found RT interventions
effective in reducing depressive symptoms in youth across
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multiple randomized controlled trials.

School-based and community interventions, such as the
“Youth Fit For Life” and “Lift Like a Girl” programs, have
proven effective in increasing youth engagement, especially
among girls and underserved populations (Wright et al., 2016)
(181 Despite strong evidence, disparities remain in access and
implementation, particularly in low-income and rural settings.
Collectively, the literature underscores the multifaceted
benefits of resistance training in youth, highlighting its role
not only in physical conditioning but also in psychological
resilience and preventive health. However, there remains a
need for more longitudinal and culturally diverse studies to
guide widespread and equitable adoption.

Historical perspectives and evolving guidelines

The trajectory of resistance training in youth is a narrative of
transformation moving from fear and misconception to
evidence-based advocacy. Historically, resistance training for
children and adolescents was often viewed with skepticism,
largely due to concerns about potential harm to growth plates
and adverse effects on linear growth. This belief persisted
throughout much of the 20" century, shaped not by robust
scientific inquiry but rather by anecdotal reports and isolated
injury cases, many of which lacked clear contextual details
such as supervision quality or training methodology.

Much of the early opposition to youth resistance training
stemmed from a misunderstanding of pediatric physiology.
Growth cartilage, particularly in the epiphyseal plates, was
assumed to be vulnerable to compressive forces. Reports in
the 1970s and 1980s occasionally cited cases of epiphyseal
injuries in young athletes engaged in resistance training or
weightlifting. However, these cases were often associated
with inappropriate loading, unsupervised training, or poor
technique. As research methodologies improved and a more
systematic approach to sports science emerged, a growing
body of literature began to refute these outdated assumptions.
The late 1990s and early 2000s marked a pivotal period of
reassessment. Controlled studies led by researchers such as
Dr. Avery Faigenbaum and colleagues demonstrated that with
proper supervision, appropriate progression, and focus on
technique, resistance training could not only be safe for youth
but also yield significant benefits in terms of muscular
strength, motor performance, and overall physical
competence. In a landmark randomized trial conducted by
Faigenbaum et al. (1996) ™M, prepubescent boys and girls
participating in an 8-week RT program exhibited statistically
significant strength gains, primarily through neuromuscular
adaptations rather than hypertrophy, due to their hormonal
profiles. Notably, the study reported zero injuries among
participants.

Following the accumulation of supportive empirical data,
professional organizations began to revise their stance. The
National Strength and Conditioning Association (NSCA), in
its 2009 position statement, emphasized that resistance
training for youth is not only safe but may also help reduce
sports-related injuries and support lifelong health. This
position was bolstered by the American Academy of
Pediatrics (AAP) in its 2008 clinical report titled "Strength
Training by Children and Adolescents," which concluded that
resistance training, when supervised and age-appropriate, can
enhance strength, bone health, body composition, and sports
performance.

Globally, similar perspectives emerged. In the United
Kingdom, the British Association of Sport and Exercise
Sciences (BASES) and the United Kingdom Strength and
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Conditioning Association (UKSCA) adopted comparable
guidelines, advocating for supervised, individualized
programs that focus on Long-Term Athlete Development
(LTAD) rather than short-term performance gains. These
guidelines marked a shift in the conceptualization of youth
fitness from one dominated by aerobic capacity and Body
Mass Index (BMI) to a more balanced model incorporating
muscular fitness as a fundamental health component.

The development of the Youth Physical Development (YPD)
model further advanced the understanding of how different
physical qualities such as strength, speed, and power should
be nurtured across developmental stages. Pioneered by Lloyd
and Oliver (2012) 24, the YPD model suggests that strength
and motor skill competence can be improved throughout
childhood and adolescence, provided that training programs
are developmentally appropriate and progressively structured.
This model challenged the linear model of trainability, instead
emphasizing “windows of opportunity” where certain
physical traits may be more responsive to training stimuli.

In more recent years, the World Health Organization (WHO)
and Centers for Disease Control and Prevention (CDC) have
also recognized the importance of strength-building activities
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for youth. The WHO’s 2020 Guidelines on Physical Activity
and Sedentary Behavior recommend that children and
adolescents aged 5-17 engage in activities that strengthen
muscle and bone at least three times per week, in addition to
60 minutes of daily moderate-to-vigorous physical activity.

In parallel with these institutional shifts, the increasing
prevalence of youth inactivity and obesity has prompted
public health advocates to reconsider how resistance training
could be utilized as a preventive strategy. As cardiovascular
and metabolic risk markers have been observed in children as
young as six years old, particularly in urbanized and
economically transitioning regions, resistance training has
emerged as an effective tool not only for athletic enhancement
but for early intervention in disease prevention.

The evolution of RT in youth contexts is thus best understood
not simply as a change in exercise prescription but as a
paradigm shift in pediatric exercise science. No longer
confined to the realm of elite sport, resistance training is now
viewed as an accessible, adaptable, and impactful method of
cultivating physical literacy, fostering resilience, and
addressing global health concerns in youth populations.

Trainability (Scale 1-10)

Motor Coordination
—m— Muscular Strength
—a— Explosive Power

6-8 yrs 9-11 yrs

Age Range

12-14 yrs 15-17 yrs

Fig 2: Youth physical development model across age stages

This historical shift has opened doors for the development of
structured programs in schools, community centers, and
sports clubs. However, challenges remain in ensuring that the
scientific consensus translates into practice, particularly in
resource-constrained settings. The next step in this journey
involves bridging the gap between evidence and
implementation, a task that will require interdisciplinary
collaboration among educators, health professionals, parents,
and policymakers.

Physiological basis and mechanisms of adaptation in
youth
The physiological responses of children and adolescents to

resistance training differ substantially from those of adults,
owing to age-related variations in hormonal activity,
neuromuscular coordination, and musculoskeletal
development. Understanding these differences is critical for
designing safe and effective training interventions. Unlike
adults, who typically exhibit muscle hypertrophy as a
dominant outcome of resistance exercise, youth particularly
prepubescent individuals experience strength gains primarily
through neuromuscular adaptations. These adaptations include
enhanced motor unit recruitment, improved intermuscular
coordination, and more efficient neural drive to the working
muscles.
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Table 1: Physiological adaptations in youth vs adults

Adaptation Youth (Pre/Post Puberty) Adults
Muscle hypertrophy Low (Pre) / Moderate (Post) High
Neuromuscular coordination High Moderate
Tendon & ligament strengthening Moderate High
Bone mineral density increase High during growth spurts Moderate
Metabolic improvements (e.g. insulin sensitivity) Moderate to High High
Training response speed Fast (especially neural) Slower (especially neural)

The absence of significant testosterone production in
preadolescents limits the capacity for myofibrillar
hypertrophy. Nevertheless, research has consistently shown
that children can achieve gains in muscular strength ranging
from 30% to 50% following 8-12 weeks of resistance training,
provided the programs are developmentally appropriate and
supervised. A meta-analysis by Behringer et al. (2010) @,
encompassing 42 studies involving over 1,700 participants,
demonstrated that youth resistance training resulted in a mean
strength increase of 20% to 40%, with even higher gains
observed in untrained individuals. These improvements were
attributed almost entirely to neural adaptations rather than
structural muscle changes.

Neuromuscular improvements following resistance training in
youth are mediated by increased synchronization of motor
units, reduced antagonist muscle co-activation, and
heightened proprioceptive awareness. These mechanisms
facilitate better force production and control during
movement, thereby enhancing not only performance in sport-
specific tasks but also everyday functional activities. In
adolescents undergoing puberty, the rise in anabolic hormones
particularly testosterone, growth hormone, and Insulin-Like
Growth Factor-1 (IGF-1) supports both neural adaptations and
the emergence of hypertrophic responses. By mid- to late
adolescence, resistance training can stimulate measurable
increases in muscle cross-sectional area, particularly in boys,
who experience greater surges in androgenic activity.

Beyond the neuromuscular system, resistance training has
notable effects on skeletal health. Mechanical loading through
high-impact and resistance-based activities during growth
phases stimulates osteoblastic activity, increasing bone
mineral content and density. This is particularly relevant
during the adolescent growth spurt, a period during which
90% of peak bone mass is typically acquired. Studies have
indicated that adolescents engaged in structured resistance
training programs exhibit significantly higher bone mineral
accrual than non-training peers. Notably, Morris et al. (1997)
observed that resistance-trained adolescent girls had up to 8%
greater lumbar spine bone density compared to controls a
finding with important implications for long-term fracture
prevention and osteoporaosis risk reduction.

Resistance training also exerts beneficial effects on
connective tissue development. Tendons and ligaments adapt
to repetitive loading by increasing collagen synthesis and
improving structural integrity. This adaptation contributes to
greater joint stability and reduced susceptibility to soft-tissue
injuries. Additionally, improved tendon stiffness enhances the
transmission of muscular force to the skeletal system, which
may be particularly advantageous during athletic activities
involving jumping, sprinting, or rapid directional changes.
Metabolic adaptations to resistance training in youth further
underscore its health-promoting potential. Research has
shown that RT improves insulin sensitivity, glucose
metabolism, and lipid profiles among children and
adolescents, especially in those with overweight or obesity. A
study by Benson et al. (2008) /! found that obese adolescents

who participated in a 16-week resistance training intervention
experienced significant reductions in fasting insulin levels and
improved insulin sensitivity, even in the absence of
significant weight loss. These outcomes suggest that RT can
serve as a powerful intervention for metabolic syndrome
prevention in youth, especially when combined with
nutritional guidance and aerobic exercise.

Resistance training also positively influences resting energy
expenditure and body composition. Increases in fat-free mass
contribute to higher basal metabolic rates, which can facilitate
healthier body weight regulation. Although significant
reductions in body fat are more commonly associated with
aerobic exercise, resistance training enhances body
composition by preserving or increasing lean tissue mass,
which is critical during growth.

The age-related trainability of these adaptations varies
considerably. Faigenbaum and Myer (2010) 22 proposed that
there may be critical “sensitive periods” during development
when certain physical qualities, such as coordination or
strength, are more responsive to training stimuli. For instance,
children between the ages of 6 and 12 exhibit a high degree of
plasticity in motor skill acquisition, making this an ideal
window to introduce resistance exercises that enhance
movement literacy and physical confidence.

It is equally important to consider the psychosocial and
cognitive  maturation that accompanies physiological
development. Younger children often require more play-
oriented, varied, and feedback-rich environments to maintain
engagement and ensure proper motor pattern learning.
Adolescents, on the other hand, may benefit from more
structured, goal-oriented programs that capitalize on their
increasing capacity for abstract reasoning, intrinsic
motivation, and performance tracking.

Program design principles and best practices

Designing an effective Resistance Training (RT) program for
youth requires a nuanced understanding of physiological
maturity, psychological readiness, and motor competence.
Unlike adults, whose training programs often revolve around
progressive overload with hypertrophic goals, youth training
necessitates a broader, developmentally sensitive approach
that prioritizes safety, skill acquisition, and long-term
engagement. Central to successful program design is the
recognition that children and adolescents are not miniature
adults; their needs, motivations, and capacities evolve
dynamically across age ranges and pubertal stages.

Initial engagement with youth must begin with a
comprehensive understanding of the individual's biological
age and motor development rather than simply their
chronological age. Tanner staging, or other non-invasive
markers of maturity such as Peak Height Velocity (PHV),
provides useful frameworks for gauging growth-related
readiness. Children in prepubescence tend to benefit most
from programs emphasizing motor skill proficiency, stability,
and general coordination, whereas pubescent and
postpubescent youth are more capable of handling structured
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load progression and hypertrophy-based protocols due to their
hormonal milieu.

An effective training regimen typically begins with an initial
preparatory phase, focusing on establishing fundamental
movement patterns. Exercises such as squatting, lunging,
pushing, pulling, hinging, and rotating should be taught in
unloaded or lightly loaded formats using resistance bands or
bodyweight. At this stage, the goal is to develop
neuromuscular control, proprioceptive awareness, and
technique consistency. Research by Lloyd et al. (2014) ™
emphasizes that early mastery of these skills enhances
athleticism and reduces the likelihood of injury when
transitioning to more advanced training phases.

The frequency of training sessions should ideally be two to
three times per week, allowing for at least 48 hours of
recovery between sessions targeting the same muscle groups.
These sessions can range from 30 to 60 minutes and should be
designed to remain engaging and diverse. Resistance training
in this population does not need to mimic the rigid set-rep
schemes common in adult protocols; instead, it should
incorporate a mix of strength-based activities, functional
tasks, and games that demand muscular effort, such as
obstacle courses or medicine ball relays.

Volume and intensity must be adjusted based on the training
goal, experience level, and stage of maturation. For children,
lower intensity (approximately 60-70% of estimated 1RM)
and higher repetition ranges (10-15 repetitions) are
appropriate. Adolescents may progress to using heavier loads
(up to 85% 1RM), provided they exhibit technical
proficiency. Critically, the use of maximal lifts (true 1RM
testing) is not recommended for prepubescent individuals and
should be reserved for advanced adolescent trainees under
professional supervision.

Progression in resistance training should follow a logical and
individualized trajectory. Progressive overload gradual
increases in training demand through variables such as
weight, repetitions, or complexity must be applied carefully to
account for variability in growth rates and psychological
tolerance. Faigenbaum and Myer (2010) 2 recommend
emphasizing “technical failure” rather than “muscular failure”
in youth, meaning that exercises should be terminated when
form begins to deteriorate, rather than when the participant
reaches maximal effort.

Exercise selection should be multi-joint and emphasize full-
body coordination. Movements like goblet squats, push-ups,
kettlebell swings, and TRX rows can be introduced early,
progressing to more complex lifts such as barbell deadlifts or
overhead presses as skills develop. Accessory exercises that
target muscle imbalances or enhance joint stability
particularly for knees, shoulders, and lower back are also
critical components of injury prevention, especially in sport-
specific contexts.

Supervision is an indispensable aspect of safe youth RT.
Studies have consistently shown that the presence of a
qualified coach or instructor drastically reduces the risk of
injury and enhances program adherence. Myer et al. (2015) [
reported that resistance training injuries among youth most
frequently occur in unsupervised settings or when improper
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technique is used with excessive loads. A trained professional
not only ensures biomechanical accuracy but also serves as a
motivator and mentor, reinforcing correct behavior and
fostering a positive training environment.

Education plays a vital role in program success. Youth should
be taught the purpose behind each exercise, how to recognize
and communicate discomfort, and the importance of rest and
recovery. Embedding sessions within a framework of health
literacy, including discussions about sleep, nutrition, and
hydration, cultivates a more holistic understanding of fitness
and prepares youth to make informed decisions about their
bodies.

Motivational strategies should also be developmentally
appropriate. Younger children respond well to praise, play,
and task variability, while adolescents may be more driven by
peer comparison, progress tracking, and goal-setting. Tools
such as training logs, achievement certificates, and group
challenges can increase engagement and create a supportive
culture.

Finally, resistance training programs must be inclusive and
accessible. Socioeconomic barriers, lack of infrastructure, and
cultural perceptions often limit participation. Schools, youth
clubs, and local gyms should strive to provide safe, affordable
spaces for training, with inclusive language and program
structures that welcome both boys and girls across a range of
physical abilities. Adaptations may be needed for youth with
disabilities or chronic health conditions, but exclusion should
never be the default.

In conclusion, the best practices in youth resistance training
center on individualized progression, technical emphasis, age-
appropriate programming, and holistic supervision. When
implemented thoughtfully, resistance training fosters not only
physical development but also cognitive discipline, emotional
resilience, and a lifelong appreciation for active living. These
outcomes are best achieved through evidence-based protocols
supported by skilled professionals, community investment,
and an unwavering commitment to the well-being of young
participants.

Safety considerations and injury prevention

The issue of safety in youth resistance training has historically
been clouded by persistent myths and a lack of scientific
understanding. Much of the early opposition to involving
children in strength-based activities centered around the belief
that such training could cause damage to the epiphyseal
growth plates, potentially stunting growth or causing skeletal
deformities. While these concerns were not wholly unfounded
given that immature skeletal systems do have different
biomechanical tolerances than adult counterparts the
extrapolation of rare and isolated injury reports into blanket
discouragement lacked empirical foundation. Modern
research has systematically dismantled these misconceptions,
affirming that resistance training, when conducted with proper
supervision, progressive loading, and age-appropriate
techniques, presents a remarkably low risk of injury and can
actually serve as a powerful tool for injury prevention in both
athletic and non-athletic youth populations.

Training setting Injury rate (per 1000 hours) Common Injuries
Supervised resistance training 0.05-0.7 Minor sprains, strains (rare, technique-related)
Unsupervised resistance training 2.0-4.7 Muscle strain, joint sprain, growth plate injuries
Traditional youth sports (e.g., football, basketball) 4.0-7.6 Concussions, ligament tears, fractures
Playground activities 3.0-5.0 Falls, fractures, dislocations
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Injuries in youth RT settings are exceedingly rare when
training is appropriately designed and supervised. A large-
scale review by the American Academy of Pediatrics (AAP,
2008) found that injury rates in supervised resistance training
were considerably lower than in popular youth sports such as
football, basketball, and gymnastics. The most commonly
reported injuries in resistance training programs such as
sprains, strains, or minor musculoskeletal discomfort are
usually the result of improper technique, use of excessive
loads, or lack of supervision. These injuries are almost always
preventable with correct programming and guidance. In
contrast, structured resistance training has been shown to
enhance musculoskeletal robustness, improve joint stability,
and correct biomechanical imbalances that may predispose
youth to injury in dynamic sports settings.

The development of joint stability through resistance training
is particularly significant during periods of rapid growth,
where the musculature may temporarily lag behind skeletal
elongation, resulting in coordination deficits. Strengthening
exercises targeting stabilizing muscles around the knees, hips,
shoulders, and spine help mitigate these issues. Programs that
incorporate exercises such as bodyweight squats, glute
bridges, scapular retractions, and rotator cuff strengthening
have been especially effective in prehabilitation an approach
that aims to prevent injuries before they occur. Studies by
Hewett et al. (2006) 21 demonstrated that neuromuscular
training, which often includes resistance exercises,
significantly reduced Anterior Cruciate Ligament (ACL)
injury risk in adolescent female athletes, a population known
for elevated ACL injury rates due to biomechanical and
hormonal factors.

Another critical safety consideration is the quality of
supervision. Youth resistance training must always be
conducted under the guidance of professionals who are not
only certified in strength and conditioning but also possess an
understanding of pediatric growth, communication strategies,
and motivational techniques. The presence of trained
supervisors has been repeatedly associated with reduced
injury incidence and improved exercise adherence.
Faigenbaum et al. (2009) [ emphasized that the coach's
ability to demonstrate correct technique, provide real-time
feedback, and adjust workloads based on readiness and
fatigue levels is far more predictive of safety than the type of
equipment used.

Warm-up and cooldown routines are integral to minimizing
injury risk. A comprehensive warm-up, including dynamic
stretching, light aerobic activity, and movement-based drills,
prepares the musculoskeletal and cardiovascular systems for
physical exertion. It also facilitates mental focus and primes
neuromuscular  coordination.  Post-training  cooldowns,
involving static stretching and controlled breathing, aid in
recovery and help reduce post-exercise soreness. Youth tend
to benefit especially from consistent routines, which can
reinforce good habits and foster a sense of ritual that promotes
long-term training adherence.

Load selection and progression must follow a conservative
and individualized path. Unlike adults, children’s strength
gains are not driven primarily by maximal loading but
through neural adaptation and skill development. As such,
training to failure, especially in compound lifts, is generally
discouraged in pediatric populations. Instead, trainers are
advised to use the “technical limit” as the point of set
termination meaning exercises should cease once the
participant can no longer maintain proper form. This approach
significantly reduces the risk of overuse injuries or acute
musculoskeletal strain.
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Rest and recovery are also crucial. Children and adolescents
recover differently from exercise than adults due to their
higher aerobic metabolism, lower absolute workloads, and
greater resilience to metabolic fatigue. Nevertheless, the
integration of adequate rest intervals between sets and
sessions remains essential to avoid cumulative fatigue, which
can impair performance and elevate injury risk over time.
Another overlooked but vital aspect of injury prevention is
environmental safety. Training spaces must be free of clutter,
well-lit, and equipped with youth-appropriate gear.
Equipment such as adjustable benches, youth-sized barbells,
and nonslip flooring contribute to a safer environment. Group
sizes should be small enough to allow individual attention,
particularly for beginners or those with special needs.
Moreover, the psychological environment must promote
confidence and safety. A culture that emphasizes technique
over competition, encourages open communication about
discomfort or confusion, and fosters self-efficacy will yield
not only safer sessions but more enthusiastic and consistent
participation. Youth should feel empowered to speak up when
something feels wrong and know that their coaches prioritize
safety over performance.

In conclusion, resistance training is among the safest physical
activities for youth when implemented with evidence-based
practices and vigilant supervision. Far from being hazardous,
it plays a protective role against the very injuries often
associated with youth sports participation. By enhancing
musculoskeletal integrity, improving neuromuscular control,
and fostering safe movement patterns, resistance training
equips children and adolescents with the physical foundation
necessary to engage in active lives while minimizing the risk
of acute and chronic injury. The prevailing narrative must
continue to shift from resistance training as a risk to resistance
training as a protective and developmental asset.

Psychosocial and cognitive benefits

Beyond the well-documented physiological adaptations,
Resistance Training (RT) in youth offers significant
psychosocial and cognitive benefits that merit equal
recognition. As the challenges facing modern adolescents
extend well beyond physical inactivity encompassing rising
levels of anxiety, depression, body dissatisfaction, and
academic stress there is growing interest in how structured
physical interventions such as RT can support mental health,
emotional resilience, and cognitive function. Research over
the past two decades has increasingly substantiated the claim
that resistance training, when appropriately integrated into a
young person’s routine, contributes positively to
psychological well-being and neurodevelopment.

One of the most consistently observed psychological benefits
of youth resistance training is the enhancement of self-esteem.
This effect appears to be mediated through multiple pathways:
improved physical competence, body image satisfaction, and
the acquisition of new motor skills that foster a sense of
mastery. In a randomized controlled trial conducted by
Lubans et al. (2010) [, adolescents who participated in a
school-based resistance training program demonstrated
significant improvements in global self-worth and perceived
physical appearance compared to a control group.
Importantly, these changes were not contingent on changes in
body composition, suggesting that the act of engaging in
structured, goal-oriented physical activity rather than simply
aesthetic outcomes was a key driver of improved self-
perception.
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The role of resistance training in body image is particularly
critical during adolescence, a period often characterized by
heightened sensitivity to appearance and social comparison.
For both boys and girls, but especially for young males
navigating muscularity ideals, RT offers a structured, healthy
outlet for body development. Unlike unsupervised gym
activity, which can sometimes reinforce negative body image
or fuel disordered behaviors, supervised resistance training
within educational or therapeutic contexts provides a safe
environment that emphasizes function over form. This not
only reduces the risk of body dysmorphia but also cultivates a
more balanced and internally motivated relationship with
exercise.

Resistance training also serves as a vehicle for building
discipline, self-regulation, and goal-setting skills. These
cognitive functions are critical in adolescence, a time when
executive function is undergoing significant maturation.
Structured resistance programs often involve setting tangible,
short- and long-term goals, tracking progress, and responding
to feedback activities that mirror educational and life-skills
development. According to Faigenbaum et al. (2009) [, the
structured nature of resistance training helps youth internalize
the value of delayed gratification and perseverance, traits that
translate positively into academic and social settings.
Additionally, there is growing evidence that resistance
training can contribute to the management and mitigation of
mental health conditions. Several studies have noted that
adolescents who engage in resistance exercise experience
reductions in symptoms of anxiety and depression. A
systematic review by Gordon et al. (2017) 129, analyzing data
from 33 clinical trials, concluded that resistance exercise
significantly reduced depressive symptoms across age groups,
including youth populations. The proposed mechanisms
include improvements in neurochemical activity such as
increased release of endorphins and Brain-Derived
Neurotrophic Factor (BDNF) as well as psychosocial gains in
confidence and social support.

Social connectivity is another domain where resistance
training exerts influence. While often perceived as an
individualistic activity, youth RT programs conducted in
group formats or school settings facilitate interaction,
cooperation, and positive peer modeling. In such
environments, adolescents learn to encourage one another,
share space and equipment, and celebrate collective
achievement. This can be especially valuable for youth who
do not thrive in competitive team sports, offering an inclusive
alternative that still supports social development and
belonging.

Furthermore, RT has been shown to have positive effects on
classroom behavior and academic performance. Children and
adolescents who participate in regular physical activity,
including resistance training, often demonstrate improved
concentration, working memory, and classroom conduct.
These cognitive enhancements are attributed in part to
increased cerebral blood flow, elevated dopamine and
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serotonin levels, and improved sleep patterns all of which
contribute to better school readiness and academic outcomes.
A study by Davis et al. (2011) ™ involving overweight
children found that participation in an exercise program
including RT components led to improvements in executive
function and math achievement scores, even after controlling
for BMI.

Resistance training may also play a role in reducing risk-
taking behaviors. Adolescents who engage in structured
physical training under adult supervision are more likely to
internalize discipline and develop positive habits, which can
serve as a protective factor against substance use and
delinquency. This aligns with broader research in positive
youth development, which emphasizes the role of structured
activities in fostering competence, confidence, and
connection.

An often-overlooked benefit is the empowerment experienced
by youth with physical or learning disabilities. Adaptive
resistance training programs have enabled children with
cerebral palsy, autism spectrum disorder, and intellectual
disabilities to improve both motor skills and psychological
well-being. These children frequently report enhanced
independence, improved self-worth, and greater inclusion
when allowed to participate in RT tailored to their abilities.
This inclusion has powerful implications for public health
policy, suggesting that RT should be viewed not merely as a
sports tool but as a therapeutic intervention with wide-
reaching psychosocial impacts.

In summation, the psychosocial and cognitive benefits of
resistance training in youth are profound and multifaceted.
Far from being limited to the realm of physical development,
RT can serve as a powerful lever for enhancing mental health,
emotional regulation, academic engagement, and social
integration. Its potential to improve self-esteem, reduce
anxiety, and foster positive peer relationships positions
resistance training as a holistic health intervention. As schools
and community organizations increasingly recognize the
mental health crisis facing today’s youth, the inclusion of
structured RT within broader wellness initiatives could
provide a meaningful, evidence-based solution.

Long-term outcomes and lifelong fitness

The long-term implications of youth resistance training
extend far beyond short-term performance or aesthetic
improvements. Resistance training, when introduced early and
practiced consistently under supervision, becomes a
foundational element in shaping lifelong physical health,
behavior, and psychosocial outcomes. It influences how
children perceive their bodies, respond to physical challenges,
and engage with physical activity into adulthood. A growing
body of longitudinal research underscores the critical role of
early exposure to strength-based activity in reducing the risk
of chronic disease, promoting physical literacy, and
embedding exercise as a normative life habit.
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Fig 2: Long-term health outcomes linked to youth resistance training

One of the most pronounced long-term benefits of youth
resistance training is its impact on musculoskeletal health.
Bone Mineral Density (BMD), a key predictor of osteoporosis
and fracture risk in later life, is most responsive to mechanical
loading during the adolescent growth spurt. Approximately
90% of peak bone mass is acquired by the end of adolescence,
and bone accretion is highly influenced by high-impact and
strength-based physical activity during this period. A
prospective study by Bailey et al. (1999) [ demonstrated that
children who engaged in resistance or plyometric activities
during adolescence had significantly greater BMD at the
femoral neck and lumbar spine at young adulthood, compared
to inactive peers. These structural advantages appear to persist
even after the cessation of organized training, indicating a
long-term protective effect.

Similarly, early resistance training contributes to improved
body composition trajectories. Longitudinal data from the
lowa Bone Development Study suggest that youth who
participate in strength-based exercise show reduced gains in
fat mass and improved lean body mass retention into young
adulthood. This is particularly important in the context of
rising global childhood obesity, which not only compromises
metabolic health during youth but tracks strongly into
adulthood, increasing the lifetime risk of type 2 diabetes,
cardiovascular disease, and certain cancers. Resistance
training is especially effective in maintaining lean mass
during caloric restriction and has been shown to preserve
metabolic rate, thereby assisting in sustainable weight
management.

Cardiometabolic health is another domain where long-term
benefits are observed. Adolescents engaged in resistance
training programs have demonstrated improvements in insulin
sensitivity, reduced triglyceride levels, and enhanced HDL
cholesterol profiles. A cohort study by Benson et al. (2008) ["]
involving adolescents with obesity showed that resistance
training reduced markers of insulin resistance and systemic
inflammation, even in the absence of significant weight loss.
These metabolic benefits, if reinforced through ongoing
activity into adulthood, can significantly reduce the incidence
of non-communicable diseases.

Importantly, the benefits of resistance training are not
confined to physical health. Several long-term studies have
found associations between adolescent resistance training
participation and lower levels of depressive symptoms, better

academic attainment, and higher self-efficacy in adulthood. In
a 10-years follow-up study by Taliaferro et al. (2010) 171,
youth who consistently engaged in structured physical
activity, including strength training, were more likely to
report high levels of psychological well-being and lower
incidence of risky health behaviors in early adulthood.

One of the most compelling arguments for early initiation of
resistance training lies in its role in promoting exercise
adherence over the lifespan. Physical activity behaviors
established during adolescence are among the strongest
predictors of adult activity patterns. Youth who develop
competence and confidence in physical tasks are more likely
to internalize physical activity as part of their identity, thereby
reducing the likelihood of sedentary lifestyles in later years.
The development of “physical literacy” a concept
encompassing motivation, confidence, physical competence,
and knowledge to value and take responsibility for
engagement in physical activity for life is heavily dependent
on early positive movement experiences. Resistance training,
when introduced with appropriate guidance and positive
reinforcement, contributes powerfully to this developmental
arc.

The transferability of RT-based skills to everyday functional
capacity in adulthood also merits consideration. Improved
movement efficiency, postural awareness, and joint stability
carry lifelong relevance, particularly in reducing the risk of
falls and functional decline in older age. Although these
outcomes are often associated with older adult populations,
the foundation for mobility and resilience in later life is often
built during childhood and adolescence. A preventive
approach rooted in youth fitness including strength training
could significantly alleviate healthcare burdens related to
musculoskeletal conditions in aging populations.

From a public health perspective, investing in early resistance
training education and access may yield economic dividends.
Chronic diseases associated with inactivity, such as diabetes,
heart disease, and osteoporosis, account for a significant
portion of global healthcare expenditures. Intervening early
with structured physical activity programs that include RT
could reduce long-term treatment costs, improve workforce
productivity, and enhance quality of life on a population level.
A report by the World Health Organization (2020) [8
estimated that physical inactivity costs global health systems
over $54 billion annually in direct healthcare costs, with
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strength-based physical activity showing particularly strong
cost-benefit ratios due to its preventive impact on multiple
disease pathways.

Despite these clear benefits, the transition from youth
participation to lifelong fitness remains a fragile process.
Many adolescents disengage from structured physical activity
upon leaving school or sports teams. Resistance training, due
to its individual nature, low equipment threshold, and
adaptability to changing lifestyles, offers an ideal modality to
bridge this gap. Unlike sports that often require teams,
coaching, or competitive scheduling, strength training can be
pursued independently or socially, in a gym, at home, or in
recreational settings. This flexibility increases the likelihood
of sustained engagement.

Special populations and considerations

As the body of evidence supporting youth resistance training
continues to grow, it becomes imperative to consider how
these programs can be designed and adapted to serve the
needs of diverse populations. While the benefits of resistance
training are widely applicable, certain groups such as children
and adolescents with obesity, girls navigating puberty, and
individuals with physical or intellectual disabilities face
unique challenges that must be acknowledged and addressed.
Resistance training holds particular promise for these
populations, offering not only physical improvements but also
empowerment, inclusion, and a path toward lifelong well-
being when implemented with sensitivity and scientific rigor.
Among the most important target groups for youth resistance
training are children and adolescents with overweight or
obesity. Global data from the World Obesity Federation
(2023) [9 suggest that nearly 400 million children are
projected to be obese by 2035, with rates highest in low- and
middle-income countries undergoing rapid urbanization.
Obesity in youth is linked with early onset of insulin
resistance, systemic inflammation, and orthopedic
complications, often compounded by social stigma and
reduced participation in physical activities. For these
individuals, resistance training offers a low-impact, joint-
friendly modality that can initiate health improvements
without the mechanical stress commonly associated with
running or high-impact sports. Multiple studies have
demonstrated that RT leads to meaningful improvements in
body composition and metabolic health in overweight youth,
even in the absence of substantial weight loss. Shaibi et al.
(2006) [ for instance, found that a 16-week resistance
training program significantly improved insulin sensitivity
and reduced visceral fat in overweight Latino adolescents.
Notably, participants reported higher enjoyment and lower
dropout rates than in aerobic-only interventions, indicating
greater adherence potential. Unlike traditional weight loss
programs that emphasize calorie restriction, RT emphasizes
strength, capability, and physical function shifting the focus
from aesthetics to empowerment.

Girls and young women represent another important and often
underserved demographic in resistance training discourse.
Social and cultural norms, combined with the structural bias
of male-dominated gym environments and  sports
programming, have historically marginalized girls from
participating in strength training. Furthermore, adolescence
brings physiological and psychosocial challenges such as
fluctuating hormones, increased fat deposition, and
heightened self-consciousness that often result in declining
physical activity levels among girls. This drop is most
pronounced between the ages of 12 and 17, during which
participation in organized sport and recreational activity
sharply decreases.
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Incorporating resistance training into environments where
girls feel safe, supported, and free from judgment can
counteract this trend. A study by Kriemler et al. (2011) 3]
showed that girls participating in school-based strength
training programs exhibited improved strength, confidence,
and participation in other forms of physical activity.
Resistance training may also offer specific physiological
benefits to adolescent girls, such as the promotion of bone
density during peak growth periods an important
consideration given the higher lifetime risk of osteoporosis in
females. Moreover, participation in strength-based activities
fosters positive body image and disrupts unhealthy beauty
standards, promoting a more functional view of physical
fitness.

Adapted resistance training programs for children with
disabilities both physical and intellectual are increasingly
recognized as powerful interventions for improving not only
physical capacity but also social inclusion and psychological
well-being. Youth with conditions such as cerebral palsy,
Down syndrome, or autism spectrum disorder often face
barriers to accessing conventional physical activity programs.
However, with appropriate modifications to equipment,
supervision, and instructional methods, RT can be made both
accessible and effective for these individuals.

For example, a study by Shields and Taylor (2008) %I found
that adolescents with cerebral palsy who participated in a 12-
week resistance training program exhibited measurable
improvements in muscle strength, walking efficiency, and
self-reported quality of life. Similarly, researchers such as
Rimmer and Hsieh (2013) 4 have advocated for “inclusive
fitness” models that incorporate RT into therapeutic regimens
for children with intellectual disabilities, emphasizing gains in
independence and emotional regulation. These interventions,
when integrated into school-based or community programs,
also foster social interaction and reduce feelings of isolation
key determinants of mental health in youth with disabilities.
Effective implementation of resistance training for special
populations requires more than simply adjusting loads or
repetitions. It demands a culturally competent, trauma-
informed, and interdisciplinary approach that involves
educators, physical therapists, occupational therapists,
psychologists, and family members. Programs must be
tailored to the cognitive and emotional maturity of each
participant, using clear communication, visual cues, and
consistent routines. Safety, dignity, and autonomy must
always be prioritized.

Furthermore, socioeconomic disparities must be considered in
access to youth RT programs. Children from lower-income
families often face limited access to safe training facilities,
professional supervision, and recreational resources. This
inequity contributes to disparities in health outcomes,
including higher rates of obesity, lower fitness levels, and
greater risk of chronic disease. Community-based
interventions, mobile fitness units, subsidized after-school
programs, and integration of resistance training into public
school curricula are all potential strategies to bridge these
gaps.

In summary, resistance training is not a one-size-fits-all
approach, but rather a flexible, inclusive framework that can
and should be adapted to meet the needs of youth from
diverse backgrounds and ability levels. Whether supporting
weight management in children with obesity, fostering
empowerment and bone health in adolescent girls, or
enhancing mobility and independence in youth with
disabilities, RT offers a versatile and evidence-backed
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intervention. By emphasizing adaptability, inclusion, and
holistic development, we can ensure that the benefits of
resistance training are accessible to all children not just those
already inclined toward sport or physical activity. Such an
approach not only improves individual outcomes but
contributes to a more equitable and health-conscious society.

Resistance training in schools and communities

As the burden of physical inactivity among youth becomes
increasingly recognized as a global public health crisis, the
integration of resistance training into school-based Physical
Education (PE) and community programs emerges as a
compelling solution. Schools and community centers serve as
critical access points for promoting physical literacy, reaching
a wide demographic that includes children from diverse socio-
economic, cultural, and ability backgrounds. Yet, despite the
growing evidence base supporting youth resistance training,
its inclusion within mainstream education and recreational
settings remains inconsistent and often underdeveloped.
Schools represent perhaps the most logical and impactful
environment for delivering structured resistance training.
With more than 1.5 billion children enrolled in primary and
secondary schools worldwide, according to UNESCO (2021)
(20 school systems provide unparalleled infrastructure for
delivering health-promoting interventions. However, PE
curricula in many countries continue to emphasize traditional
team sports and endurance activities while neglecting the
development of muscular strength, movement quality, and
functional fitness. This oversight persists despite the World
Health Organization’s (2020) ™8 recommendation that all
children and adolescents engage in muscle-strengthening
activities at least three times per week as part of a balanced
physical activity routine.

Integrating resistance training into the school curriculum can
address several systemic issues. Firstly, it ensures universal
access. Many students particularly those from low-income
households lack access to private gyms or structured after-
school programs. School-based RT programs democratize
health access, making strength training available to children
regardless of their socioeconomic background. Secondly,
embedding RT into the educational system removes stigma.
When all students participate in strength-based activities as
part of a standardized curriculum, it reduces the perception
that resistance training is only for athletes, boys, or
bodybuilders, encouraging participation across gender, ability,
and interest levels.

Evidence from successful school-based interventions
demonstrates that resistance training is feasible, effective, and
well-received by students. The "Lift Like a Girl" initiative in
Australia, for example, introduced adolescent girls to basic
strength training within the PE curriculum and observed
increases in physical self-efficacy, reduced dropout from
sport, and improved muscular strength over a 12-week period
(Wright et al., 2016) 61 Similarly, the “Youth Fit For Life”
program in the United States combined resistance exercises
with life skills education, leading to improvements in physical
performance, classroom behavior, and emotional regulation
among elementary students.

Key to the success of such initiatives is the training of PE
teachers and coaches. Many educators lack formal instruction
in resistance training, particularly as it pertains to youth
development. Professional development  programs,
certifications in youth fitness, and ongoing mentorship
opportunities are essential for building a workforce capable of
delivering safe and effective RT instruction. Moreover,
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schools must invest in age-appropriate equipment such as
resistance bands, kettlebells, adjustable dumbbells, and
medicine balls to ensure that exercises can be scaled to
individual ability and maturity.

Beyond the school system, community-based resistance
training programs play an equally vital role. Local recreation
centers, after-school clubs, and nonprofit organizations can
offer structured RT sessions in low-pressure environments,
especially for youth who may feel alienated by competitive
sports. Programs like the “Iron Kids” initiative in Canada and
“Barbell Club” movements in inner-city U.S. schools have
demonstrated that resistance training can become a cultural
touchpoint for empowerment, mentorship, and social
inclusion. These programs often extend beyond physical
activity to include nutritional education, leadership
development, and community engagement.

Crucially, such programs must be designed with inclusivity in
mind. Gender-neutral messaging, culturally sensitive
materials, and flexible programming that accommodates
students with disabilities are all essential. Community
engagement, including input from parents, local leaders, and
youth themselves, enhances buy-in and ensures that programs
reflect the needs and aspirations of the populations they serve.
Another emerging avenue for dissemination is digital
technology. With increasing access to smartphones and
internet connectivity, particularly post-COVID-19, there is
growing potential for delivering RT instruction via online
platforms. Virtual classes, mobile fitness apps tailored to
youth, and social media challenges have all gained popularity.
While in-person instruction remains ideal for technique-based
learning, hybrid models that combine face-to-face and virtual
components may enhance scalability and sustainability,
particularly in rural or underserved regions.

Policy support is critical to scale these efforts. National
education frameworks must recognize muscular fitness as a
core component of health education. Governments should
mandate the inclusion of resistance training in PE standards,
provide funding for equipment and training, and monitor
implementation ~ through ~ school  wellness  audits.
Collaborations between ministries of education, health, and
youth affairs can streamline these efforts and align them with
broader noncommunicable disease prevention strategies.
Finally, resistance training programs in schools and
communities should be evaluated regularly to ensure quality,
inclusiveness, and outcome effectiveness. Metrics such as
strength  improvement, self-reported physical literacy,
program adherence, and injury incidence should be collected
and analyzed to refine programming. Importantly, evaluation
must also include qualitative feedback from students and
instructors to ensure that programs remain engaging and
culturally relevant.

In conclusion, schools and communities hold untapped
potential for promoting youth resistance training at scale.
When implemented thoughtfully and equitably, RT programs
within these settings can bridge health gaps, build physical
competence, and cultivate lifelong engagement in physical
activity. The momentum now lies with policymakers,
educators, and community leaders to move beyond rhetoric
and embrace resistance training as a fundamental right and
resource for all children, not merely a supplement for the few.

Conclusion

Resistance training has undergone a profound re-evaluation
over the past three decades, emerging from a cloud of
skepticism to claim its place as a cornerstone of youth
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physical development. The evidence is now unequivocal:
when implemented responsibly, resistance training is safe,
developmentally appropriate, and uniquely effective in
enhancing not only muscular strength but also bone health,
metabolic function, mental well-being, and lifelong exercise
engagement. It fosters movement competency, improves body
composition, and builds physical literacy, all of which are
essential for navigating the health and social challenges of
adolescence and beyond.

Crucially, resistance training serves diverse populations
including children with obesity, adolescent girls, and youth
with disabilities helping to reduce disparities in physical
activity participation and long-term health outcomes. It offers
a scalable, adaptable framework that can be implemented
across school systems, community programs, and public
health platforms. Its potential for integration into early
education is particularly promising, as schools provide both
the infrastructure and social reach necessary to introduce
youth to foundational strength practices in a safe and
inclusive setting.

However, several barriers still inhibit its universal adoption.
Misconceptions about safety, lack of trained instructors,
limited access to equipment, and insufficient curriculum time
within schools continue to restrict the reach of youth
resistance training. Addressing these challenges will require
coordinated action among educators, healthcare professionals,
policymakers, and community leaders. This includes investing
in teacher training, revising PE curricula, increasing
community access, and ensuring that programming is
inclusive and culturally responsive.

The long-term consequences of overlooking resistance
training in youth are significant. Sedentary lifestyles, early
onset of chronic diseases, poor postural health, and rising
mental health issues among adolescents highlight the urgency
of providing accessible, engaging, and evidence-based
physical interventions. Resistance training answers this call. It
equips youth with the tools to move confidently, think
critically about their health, and build habits that endure into
adulthood.

In the broader context of global health, the inclusion of
resistance training in youth development should no longer be
a question of feasibility or risk, but rather a standard of care.
The science supports it, the benefits are extensive, and the
need is urgent. Moving forward, the goal must be to translate
research into routine ensuring that resistance training is not an
exception for a privileged few but a fundamental right for all
children to grow stronger in every sense of the word.
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