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Introduction

An estimated 30 million American youths participate in 
organized sports, and this number, in part driven by public 
health initiatives that promote sports participation activity 
for physical and psychological benefits, is steadily increasing 
(1-3). Sports participation has been linked to improved self-
esteem and school outcomes, as well as decreased alcohol 
and drug use among youths (4,5). However, sports are also 
one of the leading causes of injury in adolescents (6,7).

The frequency of surgery for youth sports-related 
injuries has increased in a pattern consistent with the rise 
in sports participation (8). There is a wide array of injuries 
that can occur during play; previous studies have linked 
certain sports to an increased risk of specific injuries. Sports 
involving jumping, cutting, or pivoting, like basketball or 
soccer, are associated with an increased risk of ACL tear, 
while contact sports increase risk of head injuries (9,10).

With the number of young athletes requiring surgical 
intervention for their injuries on the rise, it is important to 
detail the types of injuries common among young athletes 
looking specifically at demographic and sport specific 
factors that contribute most (11).

Traumatic injuries

Falls are the most common underlying mechanism for 
a traumatic sports injury, followed by collision or being 
struck by or against an object (12). Traumatic injuries are 
more likely to occur during competition than practice and 
have been highly correlated with participation in team, not 
individual, sports (6,13). A large proportion of traumatic 
injuries sustained during play result in fractures, joint 
dislocations, muscle strains and ligament strains. Fractures 
occur most often in the hand/finger, wrist and ankle, while 
ligament strains are often knee (e.g., MCL and ACL) and 
shoulder injuries (14). Salter Harris fractures affecting a 
skeletally immature physis have a particularly deleterious 
effect (15). Sequelae of traumatic growth plate injury can 
include deformities, limb length discrepancy, and altered 
joint mechanics (16).

Males are more likely to experience sports related 
traumatic injuries than female counterparts (1,14) and the 
incidence of these injuries is related to type of sport. Men’s 
football and wrestling, and girls’ basketball and soccer 
account for the highest rates of acute, potentially severe, 
injuries (8,14).
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A growing number or traumatic injuries are being 
treated surgically (11) and studies suggest surgery may 
provide improved outcomes in this population. Data on 
anterior cruciate ligament injury in young athletes suggests 
that early operative treatment reduces instability and long-
term sequelae better than delayed surgery or non-operative 
options (17). Incidence of injury resulting in surgery has 
also been correlated with gender. Previous studies have 
shown that among the same sports, males experienced more 
injuries overall (1,14) but women sustained injuries that 
resulted in surgery more often (7,8).

Return to play after a traumatic injury is highly variable 
and depends on many factors, including treatment plan and 
pain resolution (14,17). 

Overuse injuries

Overuse injuries can occur from repeated application of 
unnatural and/or excessive forces on the soft tissues (18). 
Almost half of all sports related injuries in adolescents can be 
attributed to overuse (19). Young athletes may be particularly 
susceptible to overuse injuries as a result of poor technique, 
ill-fitting equipment, physical weakness, and muscle 
imbalances (20). Unlike traumatic injuries, overuse injuries 
occur over time and mainly affect epiphyseal cartilage (21).

Pain with a prescribed motion is a common sign of 
overuse injury; the elbows, shoulders, knees, back, and 
heels are areas frequently affected. Similar to traumatic 
injuries, the incidence of overuse injuries varies by sport 
and gender. For example, young athletes participating in 
baseball, tennis, swimming, gymnastics, and volleyball 
are highly susceptible to shoulder injuries because of the 
overhead demands of their sport. An overuse injury of the 
immature shoulder presents as pain in the shoulder and 
widening of the proximal humeral physis on imaging (20). 
Heel pain in athletes 5 to 11 years of age has been most 
often linked to calcaneal apophysitis (Sever’s disease), and 
affects significantly higher basketball, soccer, and track 
athletes than sports (22). Gender discrepancies in overuse 
injuries suggest that female athletes sustain more overuse 
injuries than their male counterparts; underlying differences 
in anatomy, flexibility, and strength patterns are thought to 
contribute to this difference (2,23). 

The incidence of overuse injuries has also been studied 
in the context of early specialization and excess practice 
hours or multiple team participation. Sports specialization 
is defined as 8 or more months per year of training in a 
single sport (24). For young athletes, focusing on one sport 

may exacerbate the risk of overuse injuries by promoting 
repetitive training. Additionally, children that focus 
on only one sport may not fully develop sport-specific 
neuromuscular patterns that may be protective of injury (25).

Little league baseball and swimming are often implicated 
in shoulder overuse injuries in youth sports but differ in 
presentation and underlying etiology. Proximal humeral 
epiphysiolysis, “little league shoulder”, has been increasingly 
reported in young baseball pitches since 1999 (26). 
Currently, throwing sports account for 10% of adolescent 
shoulder pain, and 26% of these shoulder injuries have 
been associated with overuse (27,28). Repetitive throwing 
leads to chronic microtraumatic forces, which affect the 
immature cartilage of the unfused proximal humeral physis, 
particularly in children 13 or younger (26,29). Studies 
have blamed this trend on improper throwing technique 
and underdevelopment of the skeleton (28). Players often 
present with universal shoulder pain during overhead 
maneuvers and proximal humerus tenderness upon physical 
exam; secondary referred elbow pain or other mechanical 
weaknesses also occur (26). Successful treatment for 
little league shoulder is almost exclusively nonoperative, 
consisting of a 3–4 months period of rest, modified activity, 
and injury prevention education (improved throwing 
technique) prior to full return to play (26-28).

Many young adolescent swimmers also develop shoulder 
pain, however the underlying etiology and mechanism of 
injury, and treatment, is different. The repetitive overhead 
movements of freestyle, backstroke and butterfly, coupled 
with a high volume of training are thought to contribute 
significantly to shoulder pathology in young swimmers. 
Supraspinatus tendinopathy is the leading cause of shoulder 
pain and injury in swimmers. Other frequent causes include 
scapular dyskinesia, multidirectional instability/shoulder 
laxity and impingement (30,31). Swimmers with a prior 
history of shoulder injury and an increase or decrease 
[e.g., glenohumeral internal rotation deficit (GIRD)) in 
shoulder rotation may have increased risk of developing an 
overuse shoulder injury, likely due to altered biomechanics 
or compensatory techniques (30,32). In addition, practice 
habits and training attitudes of young swimmers have been 
implicated in shoulder injuries. Hibberd et al showed that 
many young athletes believe that shoulder pain is a normal 
byproduct of swimming and should be endured during 
practice (32). Swimming shoulder injuries are generally 
managed nonoperatively, similar to little league shoulder (33). 
However, if pain persists after 3 months of active rest and 
rehabilitation, arthroscopy may be recommended to repair 
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labral tears and glenohumeral instability (34,35). Outcomes 
from such surgical interventions have not been extensively 
studied in young athletes. 

Head injuries

Head injuries sustained while participating in youth sports 
are extremely dangerous. There is an increasing spotlight 
on concussions, with ongoing research suggesting there are 
far more common in adolescent athletes than previously 
realized. And further, that their accumulative damage and 
long-term sequelae present devastating consequences in the 
future. 

A “concussion” is defined as traumatic disturbance in brain 
function (36). Animal models used to elucidate the human 
brain’s pathophysiological response to concussions revealed 
rapid neuronal depolarization, shifts in ionic membrane 
potential, alterations in metabolism, and changes in axon 
function and cranial blood flow following impact (37,38). 
Athletes ages 15–19 have the highest overall incidence of 
concussions, followed by those ages 10–14 (39). 

Similar to other injury patterns, there are sport- and 
gender-specific differences in the incidence of concussions. 
Concussions most often occur in player-to-player collisions, 
and are thus most common in football, ice hockey, rugby, 
soccer, cheerleading, and girl’s basketball (36). Football 
and ice hockey have the highest incidence of concussions, 
and these are most likely to occur during competition (40). 

A close study of US high school athletes found that boys 
experienced more concussions than girls (10). Current 
guidelines suggest one week of lost playing time following 
injury, but there is a growing corpus of evidence pointing 
toward increased length of play cessation for recovery (41).  

One reason for this shift in guidelines stems from 
work highlighting the cumulative deleterious effects of 
multiple concussions at a young age leading to mental 
health concerns in high school and college athletes, or 
former athletes. Recent work on combined traumatic 
encephalopathy (CTE) seen in National Football Players 
found a compounding effect with each subsequent 
concussion resulting in prolonged loss of playing time, 
depression, and mental status changes. 

Concussions can present with loss of consciousness, 
and symptoms such as disorientation, confusion, nausea, 
unsteadiness, headaches, and visual disturbances may last 
for hours or days after the incident (42). Sports-related 
concussions are often identified using standardized surveys 
like the Standardized Assessment of Concussion, which 

can be administered on the sidelines to help diagnose a 
concussion (43). 

Concussions are managed through interdisciplinary 
therapies targeting a wide variety of symptoms such as 
headaches and mood changes. Following injury, young 
athletes may require a period of absence from school in 
addition to sport cessation (44). Most concussions resolve 
a few weeks after impact, but there are many aspects that 
determine when an athlete can return to regular activity 
(40,45). In recent years, comparisons of preseason and post-
injury neurocognitive testing have been used to identify 
acute neuropsychological symptoms of a concussion (37,46). 

Immediate post-concussion Assessment and Cognitive 
Testing (ImPACT) is one such commercially-available 
test, which assesses attention span, attention selectivity 
and specificity, reaction time, and memory (47,48). The 
presence/absence of a helmet during collision has also been 
shown to have predictive value for when young athletes can 
return to play. Concussions occurring during non-helmet 
sports resulted in longer recovery times and increased risk 
of loss of consciousness on the field (49). Gender may also 
play a role in return to play, as studies suggest that female 
athletes had higher odds of delayed recovery time (42).

The duration of neurocognitive effects of concussions 
are highly variable. Neuroplasticity in young patients had 
been thought to be protective against long-term damage 
from head trauma, but now data suggest that concussions 
have lasting effects on young athletes (42,50,51). Functional 
MRI studies have revealed significant alterations in brain 
activity during working memory tasks, which were related 
to poorer performance for youths with concussions up to 90 
days after injury (45). Other research using functional MRI 
revealed changes in whole brain activity between concussed 
and non-concussed youths, but could not replicate poor 
performance on cognitive tasks (52). Concussions may 
influence the mental state and health of adolescents. A 
study of athletes aged 8–18 found that over 50% of them 
were most distressed by loss of activity as a result of their 
injury (53), and there is increasing evidence of the effect of 
a concussion on the development of personality changes, 
anxiety and depression.

Recurrent concussions also pose a significant threat to 
young athletes. Contact sports, such as football and hockey, 
carry increased risk of recurrent concussions. Such injuries in 
young athletes have been implicated in more severe cognitive 
neuropathies like chronic traumatic encephalopathy, 
personality changes, suicide, headaches, and depression, but 
these claims have been contested (54,55). 
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Conclusions

Pediatric and adolescent patients are participating in 
organized sports at increasing rates, which exposes them to 
the risk of suffering traumatic, overuse, and head injuries. 
Types of sport, level of intensity, and gender have been 
shown to contribute to the underlying etiologies of these 
injuries. This paper provides an up-to-date review of the 
current epidemiological and demographic characteristics of 
injuries that occur during youth sport and is important, as 
more and more young athletes require surgical intervention 
for such injuries. 

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned 
by the editorial office, Annals of Joint for the series 
“Orthopaedic Sports Injuries in Youth”. The article has 
undergone external peer review.

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at http://dx.doi.
org/10.21037/aoj.2017.12.04). The series “Orthopaedic 
Sports Injuries in Youth” was commissioned by the editorial 
office without any funding or sponsorship. DP served as 
the unpaid Guest Editor of the series. ACC served as the 
unpaid Guest Editor of the series and serves as an unpaid 
editorial board member of Annals of Joint from Jun 2016 to 
May 2018. The authors have no other conflicts of interest 
to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 

See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Adirim TA, Cheng TL. Overview of injuries in the young 
athlete. Sports Med 2003;33:75-81. 

2.	 Piercy KL, Dorn JM, Fulton JE, et al. Opportunities for 
public health to increase physical activity among youths. 
Am J Public Health 2015;105:421-6. 

3.	 Barber Foss KD, Myer GD, et al. Epidemiology of 
basketball, soccer, and volleyball injuries in middle-school 
female athletes. Phys Sportsmed 2014;42:146-53. 

4.	 Merkel DL. Youth sport: positive and negative impact on 
young athletes. Open Access J Sports Med 2013;4:151-60. 

5.	 Eime RM, Young JA, Harvey JT, et al. A systematic review 
of the psychological and social benefits of participation in 
sport for children and adolescents: informing development 
of a conceptual model of health through sport. Int J Behav 
Nutr Phys Act 2013;10:98. 

6.	 Emery CA. Risk factors for injury in child and adolescent 
sport: a systematic review of the literature. Clin J Sport 
Med 2003;13:256-68. 

7.	 Rechel JA, Collins CL, Comstock RD. Epidemiology of 
injuries requiring surgery among high school athletes in 
the United States, 2005 to 2010. J Trauma 2011;71:982-9. 

8.	 Micheli LJ, Metzl JD, Di Canzio J, et al. Anterior cruciate 
ligament reconstructive surgery in adolescent soccer and 
basketball players. Clin J Sport Med 1999;9:138-41. 

9.	 Johnsen MB, Guddal MH, Smastuen MC, et al. Sport 
Participation and the Risk of Anterior Cruciate Ligament 
Reconstruction in Adolescents: A Population-based 
Prospective Cohort Study (The Young-HUNT Study). 
Am J Sports Med 2016;44:2917-24. 

10.	 Marar M, McIlvain NM, Fields SK, et al. Epidemiology of 
concussions among United States high school athletes in 
20 sports. Am J Sports Med 2012;40:747-55. 

11.	 Rechel JA, Yard EE, Comstock RD. An epidemiologic 
comparison of high school sports injuries sustained in 
practice and competition. J Athl Train 2008;43:197-204. 

12.	 Cheng TL, Fields CB, Brenner RA, et al. Sports injuries: 
An important cause of morbidity in urban youth. District 
of Columbia Child/Adolescent Injury Research Network. 
Pediatrics 2000;105:E32. 

13.	 Johnson BK, Comstock RD. Epidemiology of Chest, Rib, 
Thoracic Spine, and Abdomen Injuries Among United 
States High School Athletes, 2005/06 to 2013/14. Clin J 
Sport Med 2017;27:388-93.  

14.	 Darrow CJ, Collins CL, Yard EE, et al. Epidemiology of 

http://dx.doi.org/10.21037/aoj.2017.12.04
http://dx.doi.org/10.21037/aoj.2017.12.04


Page 5 of 6Annals of Joint, 2017

© Annals of Joint. All rights reserved. Ann Joint 2017;2:79aoj.amegroups.com

severe injuries among United States high school athletes: 
2005-2007. Am J Sports Med 2009;37:1798-805. 

15.	 Perron AD, Miller MD, Brady WJ. Orthopedic pitfalls in 
the ED: pediatric growth plate injuries. Am J Emerg Med 
2002;20:50-4. 

16.	 Ogden JA. Skeletal Injury in the Child. Br J Sports Med 
1983:17:23.

17.	 Dunn KL, Lam KC, Valovich McLeod TC. Early 
Operative Versus Delayed or Nonoperative Treatment of 
Anterior Cruciate Ligament Injuries in Pediatric Patients. 
J Athl Train 2016;51:425-7. 

18.	 Christopher NC, Congeni J. Overuse injuries in the 
pediatric athlete: Evaluation, initial management, and 
strategies for prevention. Clin Pediatr Emerg Med 
2002;3:118-28.

19.	 Hawkins D, Metheny J. Overuse injuries in youth sports: 
biomechanical considerations. Med Sci Sports Exerc 
2001;33:1701-7. 

20.	 Cassas KJ, Cassettari-Wayhs A. Childhood and adolescent 
sports-related overuse injuries. Am Fam Physician 
2006:73:1014-22. 

21.	 Launay F. Sports-related overuse injuries in children. 
Orthop Traumatol Surg Res 2015;101:S139-47. 

22.	 Schroeder BM. American College of Foot and Ankle 
Surgeons: Diagnosis and Treatment of Heel Pain. Am Fam 
Physician 2002;65:1686-8. 

23.	 Powell JW, Barber-Foss KD. Sex-related injury patterns 
among selected high school sports. Am J Sports Med 
2000;28:385-91. 

24.	 Myer GD, Jayanthi N, Difiori JP, et al. Sport Specialization, 
Part I: Does Early Sports Specialization Increase Negative 
Outcomes and Reduce the Opportunity for Success in 
Young Athletes? Sports Health 2015;7:437-42.

25.	 Myer GD, Jayanthi N, DiFiori JP, et al. Sports 
Specialization, Part II: Alternative Solutions to Early 
Sport Specialization in Youth Athletes. Sports Health 
2016;8:65-73.

26.	 Heyworth BE, Kramer DE, Martin DJ, et al. Trends in 
the Presentation, Management, and Outcomes of Little 
League Shoulder. Am J Sports Med 2016;44:1431-8. 

27.	 Osbahr DC, Kim HJ, Dugas JR. Little league shoulder. 
Curr Opin Pediatr 2010;22:35-40. 

28.	 Sabick MB, Kim YK, Torry MR, et al. Biomechanics of 
the shoulder in youth baseball pitchers: implications for 
the development of proximal humeral epiphysiolysis and 
humeral retrotorsion. Am J Sports Med 2005;33:1716-22. 

29.	 Drakos MC, Rudzki JR, Allen AA, et al. Internal 
impingement of the shoulder in the overhead athlete. J 

Bone Joint Surg Am 2009;91:2719-28. 
30.	 Feeley BT, Agel J, LaPrade RF. When Is It Too Early 

for Single Sport Specialization? Am J Sports Med 
2016;44:234-41. 

31.	 Sein ML, Walton J, Linklater J, et al. Shoulder pain in 
elite swimmers: primarily due to swim-volume-induced 
supraspinatus tendinopathy. Br J Sports Med 2010;44:105-
13. 

32.	 Hibberd EE, Myers JB. Practice Habits and Attitudes 
and Behaviors Concerning Shoulder Pain in High 
School Competitive Club Swimmers. Clin J Sport Med 
2013;23:450-55. 

33.	 Wanivenhaus F, Fox AJ, Chaudhury S, et al. Epidemiology 
of injuries and prevention strategies in competitive 
swimmers. Sports Health 2012;4:246-51. 

34.	 Bak K. The Practical Management of Swimmerʼs Painful 
Shoulder: Etiology, Diagnosis, and Treatment. Clin J 
Sport Med 2010;20:386-90. 

35.	 Payne LZ, Altchek DW, Craig EV, et al. Arthroscopic 
treatment of partial rotator cuff tears in young athletes. A 
preliminary report. Am J Sports Med 1997;25:299-305. 

36.	 Barkhoudarian G, Hovda DA, Giza CC. The molecular 
pathophysiology of concussive brain injury. Clin Sports 
Med 2011;30:33-48, vii-iii. 

37.	 Kirkwood MW, Yeates KO, Wilson PE. Pediatric 
Sport-Related Concussion: A Review of the Clinical 
Management of an Oft-Neglected Population. Pediatrics 
2006;117:1359-71. 

38.	 Hovda DA, Lee SM, Smith ML, et al. The neurochemical 
and metabolic cascade following brain injury: moving from 
animal models to man. J Neurotrauma 1995;12:903-6 

39.	 Zhang AL, Sing DC, Rugg CM, et al. The Rise of 
Concussions in the Adolescent Population. Orthop J 
Sports Med 2016;4:2325967116662458. 

40.	 Koh JO, Cassidy JD, Watkinson EJ. Incidence of 
concussion in contact sports: a systematic review of the 
evidence. Brain Inj 2003;17:901-17. 

41.	 McKeon JMM, Livingston SC, Reed A, et al. Trends 
in concussion return-to-play timelines among high 
school athletes from 2007 through 2009. J Athl Train 
2013;48:836-43. 

42.	 Giza CC, Hovda DA. The Neurometabolic Cascade of 
Concussion. J Athl Train 2001;36:228-35. 

43.	 Collins MW, Hawn KL. The clinical management of 
sports concussion. Curr Sports Med Rep 2002;1:12-22. 

44.	 Collins MW, Kontos AP, Reynolds E, et al. A 
comprehensive, targeted approach to the clinical care of 
athletes following sport-related concussion. Knee Surg 



Page 6 of 6 Annals of Joint, 2017

© Annals of Joint. All rights reserved. Ann Joint 2017;2:79aoj.amegroups.com

Sports Traumatol Arthrosc 2014;22:235-46. 
45.	 Keightley ML, Saluja RS, Chen JK, et al. A functional 

magnetic resonance imaging study of working memory in 
youth after sports-related concussion: is it still working? J 
Neurotrauma 2014;31:437-51. 

46.	 Sprouse RA, Harris GD, Sprouse GD, et al. Sport-related 
concussion: How best to help young athletes. J Fam Pract 
2016;65:538-46. 

47.	 Albaugh MD, Orr C, Nickerson JP, et al. Postconcussion 
Symptoms Are Associated with Cerebral Cortical 
Thickness in Healthy Collegiate and Preparatory School 
Ice Hockey Players. J Pediatr 2015;166:394-400.e1. 

48.	 List J, Ott S, Bukowski M, et al. Cognitive function and 
brain structure after recurrent mild traumatic brain injuries 
in young-to-middle-aged adults. Front Hum Neurosci 
2015;9:228. 

49.	 Miller JH, Gill C, Kuhn EN, et al. Predictors of delayed 
recovery following pediatric sports-related concussion: a 
case-control study. J Neurosurg Pediatr 2016;17:491-96. 

50.	 McKee AC, Cantu RC, Nowinski CJ, et al. Chronic 

Traumatic Encephalopathy in Athletes: Progressive 
Tauopathy After Repetitive Head Injury. J Neuropathol 
Exp Neurol 2009;68:709-35. 

51.	 Satz P. Brain reserve capacity on symptom onset after brain 
injury: a formulation and review of evidence for threshold 
theory. Neuropsychology 1993;7:273-95.

52.	 Slobounov S, Gay M, Johnson B, et al. Concussion in 
athletics: ongoing clinical and brain imaging research 
controversies. Brain Imaging Behav 2012;6:224-43. 

53.	 Stein CJ, MacDougall R, Quatman-Yates CC, et al. Young 
Athletes’ Concerns About Sport-Related Concussion. Clin 
J Sport Med 2016;26:386-90. 

54.	 Stamm JM, Bourlas AP, Baugh CM, et al. Age of first 
exposure to football and later-life cognitive impairment in 
former NFL players. Neurology 2015;84:1114-20. 

55.	 Solomon GS, Kuhn AW, Zuckerman SL, et al. Participation 
in Pre-High School Football and Neurological, 
Neuroradiological, and Neuropsychological Findings in 
Later Life: A Study of 45 Retired National Football League 
Players. Am J Sports Med 2016;44:1106-15. 

doi: 10.21037/aoj.2017.12.04
Cite this article as: Ukogu C, Patterson D, Sarosi A, 
Colvin AC. Epidemiology of youth sports injury: a review of 
demographic and sports-related risk factors for injury. Ann 
Joint 2017;2:79.


