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Early sport specialization appears to be increasing in 
young athletes,21,23 and the pressure to select 1 sport to 
the exclusion of others is believed to come from coaches, 

parents, and other youth athletes.27 There is concern that 
engaging in year-round intense training programs in a single 
sport at an early age may result in negative outcomes for some 

young athletes, such as overuse injuries, burnout, and dropping 
out of sport(s).2,17 This clinical review aims to synthesize the 
current evidence to outline the potential negative outcomes 
related to sports specialization in young athletes and to guide 
alternative strategies that optimize enjoyment and safety of 
youth sports.29
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SportS Specialization riSkS and 
etiologieS
Definition and Volume Risk

Sports specialization can be defined as “intensive year-round 
training in a single sport at the exclusion of other sports.”39 This 
definition allows for a spectrum of sports specialization where a 
highly specialized athlete may be able to (1) choose a main 
sport, (2) participate for greater than 8 months per year in 1 
main sport, and (3) quit all other sports to focus on 1 sport.40 
Thus, the degree of sports specialization can be defined as low, 
moderate, or high based on the number of definition 
components to which a young athlete may respond in a positive 
way.40 Historically, it has been difficult to separate the known 
risks of intensive training based on high weekly volumes of 
training from the independent risks of sports specialization in 
overuse injuries. More recently, it has been shown that high 
training volume carries its own risks for injury, and that 
increased exposure has a linear relationship to adjusted injury 
risk in high school athletes.38,45,60 Specifically, exceeding  
16 hours per week of total sports participation, regardless of the 
number of sports, seems to carry the greatest risk38,45,60; 
however, age-adjusted recommendations for volume risk have 
not been made for many sports. Nearly two-thirds of middle 
school–aged children receiving medical treatment sustained an 
injury during sports or physical activity, but the training and 
rates of specialization were not included.57 Additionally, athletes 
who participate in more competitive levels or higher volumes of 
training have an increased incidence of injury.20,48,60 For 
example, adolescent baseball pitchers are at significant risk 
(4-36 times) of sustaining an injury due to overuse and fatigue.53 
Until recently, these injury risks were not correlated with sports 
specialization in young athletes.

Independent Risks of Sports Specialization

One study of 1190 young athletes, 7 to 18 years old, compared 
training patterns of injured athletes at sports medicine clinics 
versus uninjured athletes during a sports preparticipation 
exam.40 Those athletes who met the definition of a highly 
specialized athlete had 2.25 (range, 1.27-3.99) greater odds of 
having sustained a serious overuse injury than an unspecialized 
young athlete, even when accounting for hours per week sports 
exposure and age. In fact, there was a continuum, with the 
more specialized an athlete (per the 3 criteria proposed earlier) 
the greater this risk of injury (Table 1). A separate retrospective 
study of 546 high school athletes found a relationship between 
the development of patellofemoral pain syndrome and single-
sport training in athletes in basketball, soccer, and volleyball.35 
Exposures were estimated by seasons rather than by weekly 
hours of participation. Patellofemoral pain was one of the most 
common diagnoses in the study of 1190 athletes discussed 
earlier,40 and this corroborates the findings that sports-
specialized training is an independent risk factor for injury in 
young athletes.

Age-Related Play and Eligibility Rules

Age-adjusted training and competition volumes have not been 
well studied in many youth sports. Nonetheless, youth sports 
leagues have instituted rules designed to prevent injury and 
promote age-appropriate levels of competition.47,54 USA youth 
baseball has tried to utilize evidence for youth baseball leagues 
to guide age-adjusted pitch counts.47 Unfortunately, there are 
data to suggest that these guidelines are not followed by many 
coaches, with the majority reporting additional pitching 
instruction or camps.24 In addition, pitch count may be difficult 
to monitor when pitchers participate on multiple teams over the 

Table 1. Degree of sports specialization and risk of all-cause injuriesa

Degree of Specialization Risk of Injury
Risk of Serious 
Overuse Injury Risk of Acute Injury

Low specialization (0 or 1 of the following):
Year-round training (>8 months per year)
Chooses a single main sport
Quit all sports to focus on 1 sport

Low Low Moderate

Moderately specialized (2 of the following):
Year-round training (>8 months per year)
Chooses a single main sport
Quit all sports to focus on 1 sport

Moderate Moderate Low

Highly specialized (3/3 of the following):
Year round training (>8 months per year)
Chooses a single main sport
Quit all sports to focus on 1 sport

High High Low

aReproduced with permission from Jayanthi et al.40
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course of a tournament or season. At present, there is no 
effective model to develop appropriate age-related 
recommendations. In response to early burnout and premature 
retirements in young professional tennis players, the Women’s 
Tennis Association (WTA) developed an age eligibility rule 
(AER). At 10-year follow-up, this was effective in increasing 
career lengths by about 2 years (43%) and reducing premature 
sports dropout from 7% to 1% in young professional women’s 
tennis players.54 The key component to this AER was a “phased 
in” approach to the number of tournaments allowed, beginning 
no earlier than the age of 14 years, with annual age-related 
increases until 18 years as well as numerous player 
development programs. In a separate study, a training rule 
based on age (age vs hours) recently demonstrated increased 
risk of injury and serious overuse injury if a young athlete 
participated in more weekly organized sports hours than their 
age.40 Potentially, volume recommendations for training and 
competition should be age or developmentally adjusted across 
all sports, and these rules may provide a model for other sports.

What MakeS SportS Specialization 
a riSk VerSuS diVerSified SportS 
experience?

The lack of diversified activity may not allow young athletes to 
develop the appropriate neuromuscular skills that are effective 
in injury prevention and does not allow for the necessary rest 
from repetitive use of the same segments in the body. The 
positive transfer of skill with diversification is important in the 
successful development of a young athlete.15,28 Until recently, 
we did not have enough evidence to support the concept of 
sports specialization as an independent risk factor for injury, 
apart from exposure or the combination of high volume and 
intensity; however, the following theories may provide some 
additional rationale for these risks.

Specialized Athletes Are More Likely to Have 
Year-Round Exposure to a Single Sport

Year-round exposure to a single sport may be one of the 
primary reasons for injury risk in specialized athletes. In youth 
baseball pitchers, there was a greater risk for shoulder and 
elbow surgery in those that pitched greater than 8 months per 
year and in those that pitched regularly with arm pain or 
fatigue.53 Another study of high school athletes found that 
athletes who did not take at least 1 sport season off during the 
year (eg, fall, winter, spring, or summer) were more likely to 
sustain an injury independent of whether the athlete was 
characterized as a single or multisport athlete.45 However, the 
lack of difference in risks between the 2 groups may be due to 
the fact that the weekly exposure hours were not monitored. 
Thus, it makes it more difficult to draw firm conclusions with 
regard to the risk of injury when exposure is already reduced. 
The risk of injury or medical withdrawal was not demonstrated 
in a population of 519 Midwest junior tennis players when using 
a similar model.38 This might be due to the very high rates of 
year-round training (93.4% at >9 months per year) that limited 

the ability for a comparison with a control group.38 Regardless, 
there seems to be emerging data that indicate increased risk of 
injury with year-round training—a key component of 
specialized training.

Repetitive Technical Skills and 
High-Risk Mechanics

Highly specialized athletes who perform at an elite level 
commonly participate in individual and technical sports. For 
example, the majority of junior elite tennis players (70%) 
specialized at a mean age of 10.4 years old, while 95% were 
specialized by the age of 18 years.38 Other individual, technical 
sports such as gymnastics, dance, swimming, and diving 
typically require early specialization and high intense volumes 
in prepubescent stages. While speculative, historical trends 
indicate that athletes in team sports appear more likely to 
diversify their sports, but even this trend has started to change. 
Certain positions in team sports, such as a baseball pitcher, can 
be trained as a specialized individual sport athlete. There is a 
paucity of information on the biomechanical risks of sports for 
overuse injury in young athletes, but some examples support 
the potential for injury risk development in certain sports based 
on mechanics and training. Specific to tennis, the mean age for 
the introduction of the kick serve (a heavy topspin serve that 
typically requires significant lumbar hyperextension and 
extreme abduction and external rotation of the shoulder) to 
adolescent athletes was approximately 13 years old.42 Associated 
with this was a relatively high rate of shoulder and elbow 
injuries.42 Similarly, increased forces to the back and shoulder in 
elite tennis players, but not in junior players, have been related 
to the kick serve technique, and the mechanics of this serve 
may put more stress on the adolescent body and thus increase 
injury risk.1,61 Baseball pitchers are much more likely to have 
overuse elbow injuries related to pitching volume, pitching 
fatigue, and poor mechanics that result in increased elbow 
torque and forces.25 Likewise, young gymnasts often have wrist 
pain that is related to the volume of training intensity and skill 
level, likely related to repetitive impact forces in wrist 
dorsiflexion during growth periods.18,19

Overscheduling and Competition

The competitive demands are also typically higher for a 
specialized athlete given the pressure for successful 
performance during games, matches, meets, or tournaments. In 
most sports, risk of injury is expected to be higher during 
competition compared with training.36 These data have been 
consistently demonstrated in a variety of National Collegiate 
Athletic Association (NCAA) sports. There are a few sports such 
as gymnastics and figure skating where the intense and 
voluminous (7 days a week) specialized technical training may 
far exceed the exposure of a short competitive program in a 
meet. Also, the level of specialized participation may involve 
higher level competition (particularly at younger ages), which 
again may be a risk factor for injury. Scheduled intense 
competitions that can last 6 hours or longer without adequate 
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rest and recovery have been implicated as a risk factor for 
potential injury as well.13,38 Suggested minimal rest periods 
between repeated bouts of same-day competition have been 
proposed,11,38 as well as limiting training 48 hours prior to 
competition to help reduce injury risk.46 However, more 
research is needed to understand the risk factors associated 
with overscheduling competition and to establish formal 
guidelines to optimize youth sport performance.

Psychological Burnout

There are increased pressures in intense, adult-driven 
specialized training and competitions. The psychological risk of 
burnout, depression, and increased risk of injury may be a 
reason for withdrawal from sport in young athletes who took 
part in early specialized training. Talent development research 
on young athletes demonstrates that professionalized, adult-style 
practices are likely not optimal for fostering talent 
development.16 Specifically, research has indicated that 
adolescents need to enjoy the activities of their domain, and 
that intrinsic motivators are key to maintaining participation and 
goal achievement.16 Unfortunately, this is often not the case as 
the temptation of collegiate scholarships and stardom causes 
thousands of adolescent athletes to specialize in single sports 
and, subsequently, train year-round in sport-specific skills. 
While this has resulted in more highly skilled, sport-mature 
athletes at a younger age, it is isolating the child and has the 
potential to lead to increased stress and pressure and an overall 
feeling that the child lacks control or decision-making power 
over their lives.68 It is important to understand the implications 
of sport specialization at all levels of competition to better 
manage athletes in a way that is in their best interest to prevent 
burnout. In one such study on burnout, earlier specialization in 
swimming resulted in less time on the national team and earlier 
retirement compared with later specialization.10 There is also a 
valid concern of sports attrition related to early, specialized 
intense training. In ice hockey, players more prone to dropout 
began off-ice training at a younger age, while they also invested 
a larger number of hours in off-ice training at a younger age 
compared with those who continued participation.66 Other 
studies in sports such as swimming and tennis suggest that 
retirement from sport may be the consequence of burnout, 
which young athletes may experience with continued intense 
and specialized participation.33,66

Burnout likely results from a combination of physical and 
psychological factors. For example, a study of junior tennis 
players indicated that the burned-out players had less input into 
training and sport-related decisions and practiced fewer days 
with decreased motivation compared with the players who did 
not exhibit similar levels of burnout.31-33 This resulted in athletes 
who were more withdrawn and less psychologically prepared to 
cope with the high stress realities of their sport.31-33 Moreover, 
while a lack of fun is a more frequent reason for withdrawal 
from sport at earlier ages, performance pressure seems to 
become more central to withdrawal as athletes get older.14,30 
Positive peer relationships also increase enjoyment and sport 

commitment in youth. However, if there was a point that the 
child felt that the sport conflicted with outside social 
development, both their commitment to and motivation for that 
sport decreased.56 Similarly, sport participation of a child’s best 
friend was a strong predictor of adolescent sport commitment 
and involvement3,67; however, playing at a higher performance 
level outside of the child’s age-specific peer group was linked to 
burnout in elite youth athletes.32,33 The potential interaction 
between burnout, overtraining, and risk of injury has been 
suggested as well.13 Young specialized athletes may be at risk 
for either, and the specialization may magnify these potential 
injury risk factors, which can create a cycle of recurrent injury. 
Based on the current evidence, it may be best to limit intense 
specialized training to less than 16 hours per week, and 
instructors should employ strategies to prevent overscheduling 
(eg, scheduled rest periods) and should monitor signs of 
burnout or fear of reinjury. Improved communication between 
those in management of youth sports participation (coaches and 
parents) can help limit the potential risks of specialized athletes.

Primary Injury and Effects of Fear of Reinjury

While many athletes will recover after an injury,59 injuries that 
occur during sports or physical activity may deter some athletes 
from further participation. One year or more after an injury or 
surgery, approximately 65% of athletes returned to their 
previous level of sporting activities, despite functional recovery 
from the injury.7,8,26,49 Twenty percent of elite athletes have 
reported injury as a reason for quitting their sport,14 and up to 
8% of adolescents drop out of sporting activities due to injury 
or fear of injury.34 Many athletes within 12 months of an injury 
report lower levels of physical and mental health,5 with a 
significant reduction in their physical activity.4 This reduction in 
physical activity can have negative health consequences,9,22,63 
and insufficient physical activity is one of the top 5 reasons for 
global deaths from noncommunicable diseases.50 This pattern of 
physical inactivity can persist into adolescence and 
adulthood.12,37,51,52

Psychological readiness to return to sport after an injury does 
not always correspond with physical readiness.58 Fear of 
reinjury is a frequently cited reason athletes do not return to 
sport or reduce their level of physical activity.6,41,43,44,62 Fear of 
injury is associated with pain-related anxiety and self-reported 
and behavioral impairments in patients with chronic low back 
pain.65 Higher levels of pain and pain catastrophizing after 
injury to the shoulder is associated with fear of reinjury/
movement.55 A large meta-analysis found a strong, positive 
association with pain-related fear and disability.69 The 
cumulative effects of fear of reinjury in the specialized sport, 
with the lack of diversified exposure to a variety of sports, may 
limit a child from successfully reintegrating into any form of 
sporting activity.

Young specialized athletes who exhibit characteristics of fear 
of reinjury may need strategies and techniques to adequately 
address these issues if they aim to return directly back to the 
same sport in which they were injured. In addition, some 
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specialized athletes may have low personal coping skills to deal 
with psychological aspects of the injury.64 Educating the athlete 
and identifying inaccurate information about the injury and 
rehabilitation process may reduce the emotional stress 
associated with the injury. This may include adequately 
counseling the athlete about the recovery process and the 
challenges of rehabilitation. Effective strategies to help young 
athletes combat fear of reinjury may enhance their ability to 
successfully return to sports and continue life-long activity 
participation.

concluSion

The emerging evidence indicates that intense, year-round 
training specialized to a single sport can be a risk factor for 
various issues, and parents and coaches need to be cautious 
about encouraging early sport specialization in youth. Three 
components that define early sports specialization include 

year-round training (>8 months per year), choosing a single 
main sport, and quitting all other sports to focus on 1 sport. 
Increased degree of specialization is positively correlated with 
increased serious overuse injury risk. Some of the current 
literature regarding the relationship between sport specialization 
and injury (ie, association does not equal causation) could 
simply be a marker for excessive training volume in youth. The 
volume of training defined by hours per week of organized 
sports can increase injury risk either by exceeding 16 hours per 
week of organized sports or hours per week of organized sports 
greater than the athlete’s age. Specialized young athletes may be 
at increased risk for injury since they may be more likely to 
participate in year-round training and may be involved in 
individual sports that require the early development of technical 
skills. Adults involved in instruction of youth sports should be 
vigilant about noting any signs of stress, burnout, and physical 
symptoms in these athletes and be prepared to take corrective 
action such as backing off training intensity and frequency.

SORT: Strength of Recommendation Taxonomy
A: consistent, good-quality patient-oriented evidence

B: inconsistent or limited-quality patient-oriented evidence
C: consensus, disease-oriented evidence, usual practice, expert opinion, or case series

Clinical Recommendation
SORT Evidence 

Rating

Youth should be given opportunities for free, unstructured play to improve motor skill development and parents and educators should 
encourage child self-regulation to help limit the risk of overuse injuries.

C

Parents and educators should help provide opportunities for free, unstructured play to improve motor skill development during the growing 
years, which can reduce injury risk during adolescence.

C

Youth should be encouraged to participate in a variety of sports during their growing years to influence the development of diverse motor 
skills and identify a sport, or sports, that the child enjoys.

C

Clinical Recommendations
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