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Abstract
Purpose of Review  To describe different sports-specific and generalized strategies for prevention of overuse injuries in 
the youth athlete, and additionally, to review recent discussions of early sport specialization as it relates to pediatric and 
adolescent overuse injuries.
Recent Findings  Youth athletes are at an increased risk for developing overuse injuries due to their immature nervous and 
musculoskeletal systems and conditions unique to youth sports. Risk factors can be intrinsic or extrinsic to the athlete, and 
modified by sport or non-sport factors. Critical to preventing overuse injuries is attention to rates of load in training and 
recovery. Despite evidence against early sport specialization, it remains unclear whether youth specialization is an independent 
risk factor driving negative outcomes including overuse injuries, or whether it is the associated training loads and conditions.
Summary  In order to provide evidence-based and sport-specific guidelines to preventing overuse injuries, we are in need of 
more robust, specific, and prospective studies.

Keywords  Overuse injuries · Early specialization · Youth athletes · Growth plate injuries · Load management · Injury 
prevention

Introduction

Overuse injuries occur when there are cycles of excessive 
loading and/or inadequate recovery [1•, 2•, 3]. They may 
be sports-specific, preceded by a period of subclinical tissue 
damage where the athlete may be asymptomatic [3], occur 
with minor or trivial trauma, and result in disproportion-
ate symptoms and consequences [4]. Overuse injuries have 
been documented as more common than acute traumatic 
injuries and commonly occur at the physes, joints, bones, 

and apophyses [1•]. Complications may include physeal 
widening, premature closure of growth plates, growth arrest, 
inappropriate ossification, and avulsion fractures [5, 6] not to 
mention time away from sport and impacts on quality of life.

Youth athletes have immature musculoskeletal systems 
including weak chondro-osseous junctions, decreased mus-
cle mass, and decreased bone mineral content that can make 
them uniquely prone to certain overuse injuries [6]. Addi-
tionally, they are adapting to their rapidly changing physi-
ologic height [7], developing their movement patterns [8], 
and their training may not be developmentally appropriate 
[4, 7, 9]. A rapid increase in training with limited recovery 
in poorly conditioned tissue and lack of appropriate sport 
training or oversight for their age also puts youth athletes at 
risk for overuse injuries. These injuries may go undetected 
for long periods of time due to decreased autonomy and the 
inability to provide a good history. Thus, special attention 
to evidence-based monitoring, training, and rehabilitation 
for this population is critical to preventing overuse injuries 
and developing healthy, capable, and resilient young athletes 
[10].

Currently, there is literature describing rehabilitation after 
many injuries in the pediatric and adolescent athlete, but 
limited literature describes prevention of overuse injuries. 

This article is part of the Topical Collection on Sports Medicine 
Rehabilitation

 *	 Katherine V. Yao 
	 kvy9001@med.cornell.edu

	 Danielle Emmet 
	 dke9001@nyp.org

	 Jeremy Roberts 
	 jeremyr639@gmail.com

1	 Department of Rehabilitation Medicine, Columbia-Cornell 
New York Presbyterian Hospital, New York, NY, USA

2	 Department of Rehabilitation Medicine, Weill Cornell 
Medicine, New York Presbyterian Hospital, New York, NY, 
USA

/ Published online: 15 August 2022

1 3

http://orcid.org/0000-0002-4180-1192
http://crossmark.crossref.org/dialog/?doi=10.1007/s40141-022-00362-7&domain=pdf


Current Physical Medicine and Rehabilitation Reports (2022) 10:248–256

In this review, we aim to describe different sports-specific 
and generalized strategies for prevention of overuse injuries 
in the pediatric and adolescent athlete. We also provide a 
review of recent discussions of early sport specialization as 
it relates to pediatric overuse injuries.

Common Pediatric and Adolescent Overuse 
Injuries

Apophyseal Injuries

Apophysitis and other apophyseal injuries are common in 
the pediatric and adolescent population. Athletes are at 
risk for these injuries when bone length outpaces muscle 
tendon unit growth and results in large increases in tension 
at the apophysis with physical activity and sports [11]. 
Osgood-Schlatter disease and Sinding-Larsen-Johansson 
disease are examples of apophysitis’ at the knee (at the 
tibial tuberosity and distal patellar pole, respectively) and 
are common in sports that involve repetitive  jumping/
landing, sprinting, and high impact and tension across the 
knee extensor mechanism [1•, 4, 12]. We also commonly 
see apophysitis at the medial epicondyle in  the form of 
“Little Leaguer’s Elbow,” at the heel in Sever’s disease, 
at open growth  plates at the hip and pelvis, and at the 
spinous processes [2•]. Children can essentially develop 
apophysitis’ at any open secondary ossification center. These 
apophysitis' generally have favorable outcomes and resolve 
when the growth plates are close, but can persist through 
adolescence [13•]. Treatment typically involves stretching, 
rest, icing, NSAIDs, cross-training, and improving flexibility 
and biomechanics [1•, 11, 13•].  Chronic apophysitis 
can be treated conservatively with bracing, casting, and 
significant rest time. However, avulsion fractures may need 
to be treated surgically if there is significant displacement 
[1•, 2•, 13•, 14, 15].

Strategies to prevent apophyseal injuries typically 
involve modification or reduction in training load, cross-
training/diversification of training, and potentially avoiding 
early sports specialization. Prevention is difficult due to the 
susceptibility of the cartilaginous growth plate to repeti-
tive physical loading and mechanical stresses that occur 
with many sports activities. The cartilage is the weakest 
part of the kinetic chain and the most commonly injured in 
the adolescent. Growth spurts can cause an imbalance in 
strength and flexibility, and young athletes will be prone to 
injury during sudden overloads of exercises. Additionally, 
during rapid growth (approximately 8 cm/year in females 
and 9 cm/year in males [16], there is a transient deficit in 
bone mineralization which can make the growth plates even 
weaker. Thus, short periods of rest and exercise programs 
of muscle conditioning and stretching are recommended 

as well as reduction in training loads during rapid growth 
periods [11]. Caregivers should measure heights every 
3 months and young athletes should avoid repetitive move-
ments without rest. Coaches and athletes should be notified 
that the quality of workouts is more important than train-
ing volume. Equipment such as heel cups, patellar tendon 
straps, and appropriate shoewear can be considered to treat 
apophysitis pain and to address biomechanics [1•, 2•, 13•, 
14, 15]. Finally, there should be periodization of training 
applied to athletic and sports training plans to avoid train-
ing overload [11].

Physeal Injuries

Physeal injuries are injuries of the epiphyseal growth plates 
on long bones, which are vulnerable during adolescence. 
Growth plate cartilage is less resistant to stress than adult 
articular cartilage and the physis may be 2–5 times weaker 
than the surrounding tissue [4, 17]. Repetitive impact 
forces applied across an open growth plate may result in 
growth plate widening and edema, and if the growth plates 
are repetitively injured, this can result in early bridging and 
premature closure of the epiphysis. If early closure of the 
epiphysis occurs, this halts their growth and can potentially 
cause irreversible deformities in children. Common 
sports related physeal injuries include proximal humerus 
epiphysis injury known as “little leaguer’s shoulder”, and 
distal radius epiphysis injury also known as “gymnast’s 
wrist” [1•, 2•, 4, 18, 19]. Other sports physeal injuries 
that have been reported include distal humerus injuries in 
young baseball players and middle phalanx of the fingers 
in young sport climbers [20–23]. Repetitive loading, high 
duration, and high intensity of sport training have been 
reported to be associated with these injuries [20, 23].

Treatment for mild or moderate cases of physeal injuries 
involves rest from the offending loading and impact. 
Recognizing and intervening early is important to prevent 
severe cases of premature growth plate closure. If severe 
injury has occurred and there is premature epiphyseal 
closure, the contralateral limb, or in the case of distal radius 
closure, the paired ulna, must be monitored to determine 
if artificial closure is necessary to avoid deformities and 
preserve functionality [19]. Prevention of physeal injuries 
therefore involves monitoring and modifying the cumulative 
load of stresses across the growth plates [4, 18]. Different 
strategies have arisen to help avoid this overuse injury 
including endorsing good sport movement biomechanics 
with athletic training, physical therapy, good coaching, and 
sporting organization interventions such as pitch count limits 
in baseball, monitoring for decreased throwing velocity, 
and potential recommendations of avoiding early sports 
specialization [2•, 24–26].
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Stress Injuries and Other Bony Injuries

Bony stress injuries are also commonly seen in youth and 
adolescent athletes. These may take the form of stress edema, 
stress reactions, stress fractures, osteochondritis dissecans 
lesions, or other avascular necrosis pathologies. Stress frac-
tures can take place in the lumbar spine, femur, tibia, distal 
radius, and other bony areas. They are caused by repetitive 
submaximal stress on bones, and are seen across the spec-
trum of many sports such as runners, soccer players, fig-
ure skaters, dancers, baseball players, and football players 
[9, 27, 28]. They are increasing in prevalence overall and 
females appear to be more prone than males in sustaining 
these injuries [29–31]. Stress injuries occur due to increased 
load relative to the strength of the bony cortex and trabecular 
bone. Bone mineralization trails linear bone growth and may 
result in transient lower bone density and strength as youth 
athletes are growing and developing [24]. Prevention strate-
gies involve appropriate core and extremity strengthening, 
neuromuscular control, flexibility, gradual increase in train-
ing level, appropriate equipment, and good bone health [1•, 
32, 33].

Though weight bearing is important to improve bone 
mineral density (BMD) and it is important to start young to 
help build up bone mass, certain populations such as gym-
nasts, dancers, figure skaters, and other esthetic forward or 
weight class-based sports may be prone to the Female Ath-
lete Triad or Relative Energy Deficiency in Sport (RED-S). 
Adolescents with RED-S have decreased energy availability 
which can lead to menstrual dysfunction, sex hormone defi-
ciencies, and poor bone health. It is more difficult to assess 
in prepubescent athletes due to their lack of menarche or 
spermarche. These children should be monitored for appro-
priate nutrition, growth milestones, electrolyte status, and 
delayed onset of puberty. RED-S can be associated with a 
higher prevalence of stress injuries and must be evaluated 
for and treated with rest, close monitoring, and improvement 
in nutrition [29–31]. Those who are oligo-amenorrheic lack 
much of the bone health benefits of weight bearing exercise, 
and in this population, weight bearing may in fact increase 
stress fracture risk [34, 35].

Physical activity is a great contributor to bone mass, 
and children should have a goal for at least 1 h daily, with 
bone and muscle strengthening 3 days per week [35, 36]. 
High-impact and multidirectional loading can assist as well, 
though balanced to avoid excessive loading [37, 38•]. Ball 
sport participation has been shown to improve bone mass 
as well, likely due to multidirectional loading. Athletes can 
consider ball sports or other multidirectional loading sports 
participation, neuromuscular training, and early activity to 
improve bone mass and prevent future osteoporosis [35, 39, 
40]. Overall bone health can be maintained through physical 
activity, and athletes are generally at less risk of low BMD 

in the future. Vitamin D and calcium intake must be moni-
tored and supplementation considered if daily intake in food 
is insufficient [38•, 41]. Vitamin D status can be measured 
through serum-25 hydroxyvitamin D, and 400 IU of supple-
mental vitamin D can be provided to adolescents with low 
levels, with the potential for higher doses as needed [36]. 
Adolescents require up to 1300 mg of calcium daily [37]. 
Unfortunately, while many such athletes are at risk of stress 
injuries (one study demonstrated 60% overall) [38•], there is 
limited knowledge within this population about their exact 
susceptibility [38•].

Osteochondritis dissecans (OCD) is a disorder of the 
subchondral bone and overlying articular cartilage [4]. 
Though no known cause is identifiable, it is hypothesized that 
repetitive loading and injury may lead to the development 
of the OCD lesions [4]. These injuries commonly occur 
in the knees in soccer and basketball players, in the elbow 
in pitchers and baseball players and gymnasts, and in 
the ankles in gymnasts (though it does not always occur 
following these exact demographic patterns) [1•, 4, 39, 
40]. Diagnosis involves radiographs and MRI of the joints 
to identify and classify the lesions [39]. Treatment often 
includes non-weight bearing status for several weeks to 
months, immobilization at times, and progressive return to 
activity [1•]. Surgery may be required for unstable or non-
healing lesions [41, 42]. Prevention involves focus on upper 
and lower extremity flexibility and core strengthening, and 
a reduction in activities that involve excessive impact/stress 
across the joints [43–45].

There are also a number of avascular necrosis pathologies 
associated with youth sport athletes such as Kienbocks dis-
ease in those with significant wrist use and Freiberg’s infrac-
tion in girls age 12–15 with collapse of the second metatarsal 
[1•]. Treatment and prevention strategies are similar to those 
described above for stress injuries and OCD lesions.

Load and Overuse Injuries

Load and Injury Risk

Load is defined as “the sport and non-sport burden (single 
or multiple physiological, psychological or mechanical 
stressors) as stimulus that is applied to a human biological 
system (including subcellular elements, a single cell, tis-
sues, one or multiple organ systems, or the individual)” [3]. 
A 2016 consensus statement on load and risk of injury by 
the International Olympic Committee reviews how train-
ing that leads to improvements in performance and fitness 
stimulates homeostatic responses and adaptations; how-
ever, injury results when the load outweighs tissue capacity 
[3]. The relationship between load and injury is mediated 
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by intrinsic and extrinsic factors, as well as psychological 
and non-sport stressors [3, 10].

In 2020, researchers pointed out that when quantifying 
load and overuse injuries, it is important to measure not 
only absolute load (cross-sectional measurement of load), 
but also load rate and load history [46•]. High absolute 
load in the accustomed athlete has been shown to be pro-
tective in certain sports against injury [46•]. Non-contact 
injuries (such as overuse injuries) are often associated with 
excessive fluctuations in load rate (intensity, duration, fre-
quency) within the training program. Gabbett developed a 
model for describing training load as a ratio between acute 
(training load in last week) and chronic (training load in 
last 28 days) load, and found the optimal ratio in a training 
program of acute to chronic load is 0.8–1.3, which reflects 
gradual < 10% increases and decreases in load, to reduce 
players injury risk [47].

Competitions have been found to place a higher load on 
athletes than training, and competition calendar congestion 
has been identified as a risk factor for injuries. In soccer, 
2 matches per week with less than 4 days to recover in 
between compared to 1 match per week have been associ-
ated with increased injury risk [48]. More sport-specific 
guidelines for training and competition are needed.

Monitoring and Quantifying Load, Injury, 
and Well‑being

Monitoring conditions and athlete behavior is key to under-
standing the relationship between load and injury, but mon-
itoring training responses is also important for ensuring 
therapeutic doses of load. The International Olympic Com-
mittee reviewed a multitude of measurement tools for mon-
itoring external and internal load and injury [3]. As pointed 
out in their statement, the inherent challenge to monitoring 
for overuse injuries is that the injuries may be preceded 
by a period of subclinical tissue damage where the athlete 
may be asymptomatic. This underlines the importance of 
prospective monitoring of injuries which includes sensitive 
measures for preclinical symptoms such as soreness and 
pain, recording prevalence (not just incidence), and clas-
sifying injury based on functional level rather than simply 
time away from sport. Novel approaches including apps 
for administering, tracking, and interpreting these meas-
ures have been emerging. Translating to real-world use 
involves balancing effective and sensitive measures while 
not imposing an unrealistic burden on coaches and athletes. 
Studies so far using novel tracking methods have shown 
that overuse injuries are just as much a problem as acute 
injuries in sports, despite their underrepresentation in the 
literature [49, 50, 51•].

Prevention Strategies for Overuse Injuries

Risk factors for overuse injuries can be intrinsic or extrin-
sic. Intrinsic factors include rate of growth, development, 
strength, cardiopulmonary compromise, maturity, bone 
health, and previous injury. Extrinsic factors include too 
rapid training increases, sudden changes in equipment 
or training styles (e.g., running surfaces and shoe ware 
changes), minor skeletal asymmetries, limited muscular 
flexibility, and poor core stability [1•, 52, 53]. In athletes 
who develop pain attributed to an overuse injury, they 
should rest and limit the frequency and duration of training, 
avoid painful exercises, address biomechanical inefficien-
cies, and alter any inappropriate equipment [1•, 52, 53]. 
If the symptoms do not improve quickly over 1–2 weeks, 
they should be evaluated by a pediatric sports or musculo-
skeletal specialist.

Furthermore, caregivers should track overall develop-
ment. In addition to an annual exam, BMI, signs of dis-
ordered eating, menstruation, hydration, and sleep sched-
ule  should be monitored. Sports where athletes must 
“make weight” may require even closer monitoring [5]. 
Proper footwear, forgiving running surfaces, cross-training, 
and appropriate equipment are important for athlete health 
and safety as well [54•].

Finally, health literacy for athletes including musculo-
tendinous imbalances, anatomic alignments, overall fitness, 
flexibility, and education about gradual increases in train-
ing load should be provided. Injuries should be taken seri-
ously and athletes should not be encouraged to play through 
pain [4, 6, 55].

Prevention, Training, and Rehabilitation

While protocols for preventing youth athlete acute injuries, 
such as ACL injuries, are widely explored in the literature, 
specific prevention protocols for preventing overuse inju-
ries are less discussed. Based on our understanding of ath-
lete variability in the pathogenesis of overuse injuries, load 
from training and competitions should be flexible and allow 
for inter- and intra-athlete variation and circumstances [10, 
60•, 61]. While not all psychological loads which contrib-
ute to injury risk are modifiable, it is important for athletes, 
their parents, and coaches to be aware of them and consider 
adjusting training schedules accordingly during times of 
higher stress.

When designing rehabilitation from an injury to return 
to play, “practitioners should consider and plan the appro-
priate amount of time required to progress from the floor 
(eg, rehabilitation) to the ceiling (eg, return to perfor-
mance)” which allows athletes to safely progress to the 
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ceiling while reducing injury risk and enhancing perfor-
mance [10]. This is going to vary based on the athlete’s 
history, condition, injury, and sport-specific requirements 
and goals.

Early Sport Specialization and Overuse 
Injuries

Overview

There has been growing concern due to associations 
between early sport specialization and negative outcomes 
in youth athletes, including overuse injuries relevant for 
this review, which has led to multiple organizations and 
authorities to publish position statements recommending 
against early specialization.

A 2021 narrative review of early sport specialization 
synthesized existing literature and evidence from sports 
psychology, sports medicine, and human development into 
a framework for practitioners working with adolescent 
athletes to better understand conditions, possible mecha-
nisms, and prevention strategies for associated negative 
outcomes (Fig. 1) [56•].

The trend for youth athletes to specialize early has 
been increasing out of the belief that it will improve per-
formance outcomes, due to pressures to become an elite 
athlete [57], and the professionalization of youth sport 
[58, 59, 60•]. The need for early specialization has been 
challenged as studies have found that early sport speciali-
zation may not be a requirement to become an elite ath-
lete [60•, 61–64]. Additionally, elite athletes have actually 
been found to specialize later than their semi-elite peers 

(14 years old, compared to < 12 years old), and youth spe-
cialization has not been shown to improve task-related per-
formance measures in certain sports [65]. Notable excep-
tions are women’s figure skating and gymnastics as peak 
performance may often occur before puberty, requiring 
early specialization to achieve elite status [60•].

Defining Specialization and Early Specialization

One of the challenges in drawing conclusions from 
the literature on early sport specialization is the 
lack of a consistent definition across studies [66]. 
In an effort to use a scientific process to arrive at a 
consensus for the definition of youth specialization in 
sports, a multidisciplinary group of experts in the field 
employed the Delphi method and concluded in their 
2021 statement, “Sport specialization is intentional and 
focused participation in a single sport for a majority of 
the year that restricts opportunities for engagement in 
other sports and activities.” [67].

A common scale used in the literature to measure sport 
specialization is Jayanthi’s 2013 and 2015 Sport Spe-
cialization Scale [53, 68] which classifies athletes’ spe-
cialization into low, moderate, or high. The 2013 version 
consists of a 3-item scale (which has since been updated 
to a 6-item scale). The 3-item scale is as follows: (1) sin-
gle sport training, (2) exclusion of other sports, (3) year 
round training (> 8 months). Critiques of this scale have 
included the following, “a recreational athlete who par-
ticipates once a week for 2 h in basketball, but quit soccer 
at age seven, would be regarded as more specialized than 
a competitive basketball player who participates for 6 h 
a week but only ever participated in basketball, despite 

Fig. 1   A framework for explor-
ing early specialization in sport. 
Fundamental movement skills 
(FMS) are the basic building 
blocks of advanced movement 
that occurs later in athlete 
development [56•]
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the fact that most practitioners would be more concerned 
about the latter” [60•].

The definition of “early,” as it pertains to early sport spe-
cialization, has also been found to be inconsistent across 
the literature, ranging from < 12 to 23 years old [52]. While 
chronologic age varies across the literature, many agree 
that specializing in the prepubescent and early pubescent 
and period should be avoided and delayed until around 
15–16 years old [54•, 63,64]. The developmental approach 
to training recognizes the inherent vulnerabilities of training 
during adolescence due to an interplay between “the proper-
ties of the musculoskeletal system, the influence of pubertal 
hormones, and the lag time between physical and cognitive 
development” [9]. Age has been found to be more predictive 
than sports specialization alone of safe movement patterns 
in youth, which are key to injury prevention [8]. Classifying 
athletes by their biologic age (skeletal age, sexual age, age at 
menarche) rather than their chronologic age and monitoring 
for times of rapid growth (via peak height velocity) has been 
suggested as a means to guide and adjust training load during 
times of particular physiologic vulnerability [69].

Evidence on Early Specialization and Overuse 
Injuries

Specialization has been found to be associated with higher 
rates of overuse injury in young athletes across multiple stud-
ies [57, 65, 77•]. Despite the series of studies published on 
the association between early specialization and overuse inju-
ries, recently, there have also been critiques of this evidence 
on multiple grounds. A 2020 systematic review recently 
found that the majority of literature on the topic consists of 
“non-data driven, commentaries, and reviews which under-
mines the extent to which recommendations about early spe-
cialization can be seen as evidence-based” [66, 72]. This has 
placed practitioners in a position where they are “warned 
to advise parents and athletes against the practice of spe-
cialization without understanding why or how it should be 
avoided” [62]. Additionally, most studies are retrospective 
or cross-sectional and there are few prospective and sport-
specific studies [62, 66]. Overall, the existing research has 
been described to “suffer from numerous methodological 
limitations and the research field needs direction” [66].

Sport Sampling

The counter to sport specializing has been described as “sport 
sampling,” and youth athlete sport samplers have been found 
to have decreased risk of sports injury when compared with 
those who specialize in one sport [70]. Thus, in many of 
the consensus statements advising against early sport spe-
cialization, they have promoted sport sampling. A limita-
tion to promoting sampling over specializing which has been 

identified by reviewers of the literature is that few of the 
studies examining the relationship between specialization and 
injury risk controlled for training load [65]. Thus, it remains 
unclear whether youth specialization is an independent risk 
factor driving negative outcomes including overuse injuries, 
or whether it is the associated training loads and conditions 
[71].

Overall, due to methodological weaknesses in the evi-
dence, we cannot infer at this point that sport samplers appear 
to be protected against injuries simply because they are par-
ticipating in multiple sports. Perhaps samplers who achieve 
elite status or avoid injury are more athletic and have superior 
motor learning and control? Perhaps those who are more ath-
letic are drawn to participate in more sports [60•]? As future 
research and guidelines are developed, it is imperative for 
them to be sport-specific, as there are certain sports such as 
team-ball sports where skills may cross-over between sports 
and athlete’s performance and motor skills may benefit from 
delaying specialization [72], whereas in sports which require 
athletes to specialize earlier for elite status (or in the athletes 
who choose to specialize early), mitigating risk must occur 
through evidence-based and individualized training [60•, 73].

Guidance for Managing Load for the Specialized 
Athlete

For the specialized athlete, experts have recently proposed 
prescribing appropriate load (for both optimizing perfor-
mance and reducing injury risk) based on classifying them 
into one of three theoretical types of youth athletes: the load-
tolerant athlete, the load-naive athlete, the load-sensitive 
athlete [73]. The load-tolerant youth athletes are skeletally 
mature and experienced in high and intense loads in special-
ized training. Load-naive youth athletes are skeletally imma-
ture and/or have not been exposed to intense and specialized 
training loads. The load-sensitive youth athletes are either 
(a) skeletally immature or (b) skeletally mature and have 
experienced injury or recurrent injury associated with train-
ing load progressions. Borrowing from peak performance 
research in early sport specialization for football [74], this 
model defines the “floor as the athlete’s current capacity; 
and ceiling [as] their potential capacity to perform without 
injury” [73]. For the athletes who do choose to specialize, 
this framework offers a supportive guide which accounts for 
variety amongst the athletes and across different phases of 
development, capacity, and performance.

Future Directions for Research

In order to better understand the actual consequences 
of early specialization and thus guide prevention of the 
negative associated outcomes, the field must seek to better 
understand the “effect of specialization on motor control 

253

1 3



Current Physical Medicine and Rehabilitation Reports (2022) 10:248–256

development, sport performance, musculoskeletal injury 
risk, psychosocial outcomes, burnout and attrition and on 
optimal strategies for youth athlete training and develop-
ment in specific sports” [56•].

Additionally, research into sport-specific and popu-
lation-specific prevention of each of the aforementioned 
types of overuse injuries including in children who do 
not have early specialization needs to be addressed [1•]. 
Assessing risk factors for youth athletes at risk for over-
use injury prior to each sporting season will be helpful 
to mitigate training load over the full season. These may 
include biomarkers, radiographic or ultrasound markers, or 
demographics that will assist caregiver, coach, and trainer 
knowledge of these youth athletes’ risk [6]. Prospective, 
cohort-based, and sport-specific studies guided towards 
establishing consistent, valid, and reliable measures for 
screening, monitoring, and guiding training to reduce risk 
of overuse injuries in youth athletes are necessary to ena-
ble caregivers to provide evidence-based guidance [60•]. 
Additionally, follow-up research on dissemination and 
implementation is necessary to ensure that guidelines and 
measures do not place an impractical burden on athletes 
and coaches and can meaningfully be integrated into real-
life practice [1•].

Finally, the appropriate education modules for coaches, 
athletic trainers, and other staff to assess core stability, mus-
cle group strength, and overall biomechanics prior to the start 
of each season may serve as proxies for these risk factors as 
well [25, 75].

Conclusion

Common overuse injuries in youth athletes include many 
physeal and bony stress injuries that are unique to their age 
and population. Many of the injury prevention strategies 
involve monitoring, modifications, and limitations in repeti-
tive loading across the various areas of the body and across 
growth plates. There are several theories about how loading 
intensity and sports specialization impact overuse injuries 
and we provided a summary of an updated review on preven-
tion strategies as it relates to these topics.

Despite the evidence against early sports specialization, 
we are in need of more robust, specific, and prospective stud-
ies [60•]. The literature thus far exploring possible mecha-
nisms of negative outcomes and possible solutions reveals 
the complexity of conditions and variety between individual 
athletes and sports. This underscores the importance for 
youth athletes to have health literacy in this area, attentive 
and knowledgeable coaches and trainers, support teams, and 
access to medical surveillance.
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