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         Introduction 

 It has been said that the best place to study trauma 
in adolescents is to witness an American high 
school football any Friday evening in the fall. In 
virtually every minute of the game, another colli-
sion is occurring that places the athlete at risk of 
musculoskeletal injury. This weekend observance 
for trauma is much more fruitful than sitting at 
the street corner waiting for the next car accident 
to occur. For the purposes of this chapter, a sports 
medicine model will be used to discuss common 
musculoskeletal injuries in adolescents ranging 
from acute traumatic injuries to chronic overuse 
injuries. The chapter will be broken into two sec-
tions: musculoskeletal injuries and the psycho-
logical basis of injury, recovery, and prevention. 
Special issues including musculoskeletal injuries 
related to child abuse as well as more classic trau-
matic injuries related to accidental falls and motor 
vehicle accident will be discussed in the context 
of epidemiological and prevention comparisons 
to the athletic population. The impact of muscu-

loskeletal injury on the life of an adolescent will 
be emphasized in not only discussing the tempo-
rary physical challenges and impairments of 
speci fi c injuries but also by the need for prevention. 
The  fi nal section of the chapter is dedicated to the 
psychological impact of overuse and traumatic 
musculoskeletal on the adolescent both in the 
short and long term as well as some clues regard-
ing optimization of recovery for youth.  

   Section 1: Musculoskeletal Injuries 
in Youth    

   Epidemiology 

 In the United States an estimated 30 million youth 
participate in organized sports. The Youth Risk 
Behavior Survey was a large population-based 
study performed throughout the 1990s, enabling 
accurate measurement of the emerging trends in 
youth sports participation. Results from the 1997 
survey reported that 62 % of US high school stu-
dents participated in one or more sports teams, 
with most playing in a combination of both school 
and nonschool teams (   Washington, Bernhardt, 
Gomez, et al.,  2001  ) . In addition, many more par-
ticipate in recreational sports. Injuries are an 
inherent risk in sports, and approximately 80 % of 
sports injuries affect the musculoskeletal system. 
Many patients participate in multiple teams dur-
ing a given sports season, the rest periods between 
seasons are short or nonexistent, and there is 
increasing demand for sporting success from par-
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ents, schools, and sporting establishments. In a 
survey of children and adolescents age 5–17 years, 
the estimated annual number of injuries resulting 
from participation in sports and recreational 
 activities was 4,379,000 with 1,363,000 classi fi ed 
as serious (requiring hospitalization, surgical 
treatment, missed school, or a half day or more in 
bed). Up to 36 % of injuries may be directly 
related to sports participation in patients in these 
age groups (Bijur et al.,  1995  ) . While the de fi nition 
of what constitutes a sports injury is varied, some 
common elements such as need for medical atten-
tion, time lost from practice or game, and 
decreased level of activity are widely used in dif-
ferent de fi nitions. Injuries are commonly grouped 
into either acute or chronic which are designated 
macrotrauma and microtrauma, respectively. 

 One of the most commonly used measures in 
determining the severity of a sports injury is time 
lost from participation in the sport. The National 
Athletic Injury Reporting System (NAIRS) uses 
the following categories for severity: nonreport-
able, no time lost; minor, 1–7 days lost; moderate, 
8–21 days lost; major, more than 21 days lost; and 
severe, resulting in permanent disability. Another 
important documented aspect of sports injuries is 
incidence of injuries. The two ways in which inci-
dence of injuries are reported are cumulative inci-
dence and incidence of  fi rst injury. Cumulative 
incidence reports the number of injuries sustained 
by a de fi ned group of athletes. For example, 
cumulative incidence would record the incidence 
of injuries of football players over a set period of 
time. Cumulative incidence is useful because it 
provides information on an individual athlete’s 
risk of injury. Incidence of  fi rst injury is the risk of 
any one athlete in a group of being injured. 

 From incidence studies, it is clear that chronic 
overuse injuries are far more prevalent than acute 
sports injuries in those 17 years old and younger. 
Not only is there a higher incidence of chronic 
injuries in adolescents but the severity as mea-
sured by time lost from sports is also greater. Of 
all injuries in adolescents, 30–50 % are due to 
chronic overuse in both sports-related and non-
sports-related injuries. 

 The greatest source of available data on muscu-
loskeletal sports injuries comes from those suf-
fered during interscholastic high school sports. For 

boys in all sports combined, there is a yearly inci-
dence of injury in high school sports of 27–39 %. 
Organized sports account for 25–30 % of total 
injuries, while non-organized sports account for 
40 % of total injuries. As one would expect contact 
sports account for the greatest number of injuries 
in adolescents. In an 8-year longitudinal study of 
high school sports, researchers reported that 48 % 
of athletes sustained at least one injury during their 
season: 64.5 % of all injuries were minor (no days 
lost), 30.3 % were mild (1–7 days lost), 3.1 % were 
moderate (8–21 days lost), and 1.9 % were severe 
(22 days lost). A study by the American Academy 
of Pediatrics suggested that female athletes have 
higher rates of injuries when compared with male 
athletes (American Academy of Pediatrics: 
Committee on Sports Medicine and Fitness,  2000  ) . 
A recent study looking at injury claims from an 
insurance provider for youth soccer leagues 
showed that knee and anterior cruciate ligament 
injuries in female youth soccer players age 12 
through 15 were more common than ACL injuries 
in males of the same age (Shea, Pfeiffer, Wang, 
Curtin, & Apel,  2004  ) . 

 Soft tissue injuries such as strains, sprains, and 
contusions are the most common types of acute 
injuries. In a national study on sports and recre-
ational injuries, researchers found that 59 % of 
sprains, 48 % of fractures and dislocations, and 
25.5 % of lacerations are caused by sports and rec-
reational activities in those under the age of 18. 
Furthermore, 36 % of all injuries are from sports. 
Compared with other injuries, sports did not 
account for a disproportionate number of serious or 
repeat injuries. This could serve as an indication to 
use sports as a model for injuries in adolescents.  

   Why Are Adolescents Different? 

 There are a number of signi fi cant differences 
between the adult and adolescent musculoskele-
tal system. The most signi fi cant difference 
between an immature skeleton and the adult skel-
eton is the presence of growth plates. The growth 
plate, also known as the physis, is composed of 
four zones: the resting cartilage or reserve zone, 
the proliferating cartilage zone, the zone of 
hypertrophy, and the metaphysis. In bone, there 
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is a diaphysis (middle part of long bone), an epi-
physis (end part of long bone), and a metaphysis 
(between the diaphysis and epiphysis) compo-
nents. The physis is wedged between the meta-
physis and epiphysis. The cartilage of the physis 
is relatively weak and susceptible to injury, espe-
cially during periods of active growth. In particu-
lar, the zone of calci fi cation within the physis is 
the weakest and most commonly injured area; 
however, fractures con fi ned to this region typi-
cally heal without complication. 

 In adults, the fully grown calci fi ed bone is 
signi fi cantly stronger than ligaments and other 
soft tissue around the joint. Consequently, in 
adults, ligaments and soft tissue are more suscep-
tible to injury than bone. In contrast, during ado-
lescence, the ligaments and other soft structures 
around the joint are two to  fi ve times stronger 
than the physis. Therefore, damage to the physis 
is more common than damage to ligaments in 
those with immature skeletons. 

 It is also important to note that adolescent bone 
is less dense, more porous, and more vascular 
than adult bone. Increased porosity contributes to 
prevent the spread of fractures. The pediatric skel-
eton has a number of other advantages including 
the capacity for rapid and predictable fracture 
healing, increased tolerance of long-term immo-
bilization, and increased tendency to recover soft 
tissue mobility spontaneously following most 
injuries, and joint surfaces are generally more tol-
erant of irregularity than those of adults. 

 Not only is the skeleton growing during ado-
lescence but there are profound changes in height, 
weight, muscle mass, motor skills, and coordina-
tion. The adolescent growth spurt is variable in its 
onset and duration. As a result, two individuals of 
the same size could have vastly different bone and 
muscle maturity leading to a size–size mismatch 
in sports. In collision sports such as football, size–
size mismatch is magni fi ed and leads to an 
increased risk and severity of injury for the less 
developed individual. Size–size mismatch is more 
pronounced in boys than girls because as girls 
experience only a slight increase in muscle 
strength after menarche boys continue to acquire 
muscle strength throughout adolescence. Similarly 
in girls, motor performance remains relatively 
constant throughout adolescence where as boys 

continue to see improved motor performance 
throughout adolescence. While there is no clear 
pattern of strength and motor skill development in 
girls, there appears to be a positive correlation 
between biological maturity and muscle strength 
and motor performance in boys. This positive cor-
relation suggests that as an athlete matures, they 
acquire a greater skill level in their sport which 
can lead to a higher level of competition played at 
a higher intensity. Furthermore, as athletes mature, 
their maximal speed increases leading to more 
violent collisions with increased momentum. 
Both increased intensity and speed in collision 
sports add to the risk and severity of injury. 

 While the focus of this chapter has been the 
physical injuries adolescents’ experience, equally 
important are the psychological aspects of sports 
and injuries. Youth play sports for a variety of 
reasons including social acceptance, love of the 
sport, and hope of obtaining an athletic scholar-
ship to college. With much pressure on athletes to 
perform at a high level whether it is from self, 
coach, friends, or family injuries can often be 
unexpected, dif fi cult, and stressful. Most athletes 
have the proper motivation and desire to go 
through rehabilitation and get back to their sport 
as soon as possible. However, some athletes stag-
nate and may become depressed and require extra 
support to get through their injury. Athletes may 
go through a series of reactions after an injury 
similar to the context of death or other loss. The 
stages go in order from disbelief, denial, isola-
tion, anger, bargaining, depression, to acceptance, 
and resignation with hope. During the recovery 
process, the physician must continue to motivate 
the athlete, help the athlete understand realistic 
outcomes, and listen to and manage the patient’s 
reactions.  

   Common Acute Trauma Injuries 

 It is estimated that 15–20 % of all injuries to 
long bone are acute injuries of the growth plate. 
A large number of these acute injuries happen 
during sports participation. Acute injuries of 
the growth plate in the upper extremity are 
twice as common compared to those of the lower 
extremity. Boys suffer more acute injuries, and 
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the greatest number of injuries for boys occurs at 
the age of 12 and 13, whereas for girls, the great-
est number of injuries occurs at the age of 11. 
A system called the Salter–Harris classi fi cation 
was developed to classify acute injuries to the 
growth plate in adolescents. The Salter–Harris 
scheme is the most widely used system and has 
practical use in treatment and prognosis. 

 There are  fi ve types of Salter–Harris fractures 
that increase in severity from 1 to 5. A Salter–
Harris type 1 fracture is least severe and is a 
transverse fracture across the growth plate com-
monly through the hypertrophic zone. The meta-
physeal and epiphyseal bones are spared from 
fracture. Since the normal osteogenesis in the 
reserve and proliferative zones remain undis-
turbed in a Salter–Harris type 1 fracture, the 
prognosis is good. Type 1 Salter–Harris fractures 
are known for their rapid healing time, and a gen-
tle reduction followed by alignment to protect the 
bone and joint from displacement is usually satis-
factory for treatment. With protection, only 4–6 
weeks are needed for the fracture to heal. 

 A Salter–Harris type 2 fracture transverses the 
growth plate much like a type 1 fracture; how-
ever, the fracture also enters the metaphysis. As 
in type 1 fractures, the reserve zone and zone of 
proliferation are undamaged and therefore the 
treatment is the same as a type 1 fracture. Salter–
Harris type 3 and 4 fractures occur from sheer 
forces and differ from less severe fractures in that 
the fracture crosses the epiphysis into the joint. 
The articular joint is disrupted as the proliferative 
zone is violated. Long-term problems associated 
with type 3 and 4 fractures are growth arrest and 
high risk of articular degeneration. Surgical inter-
vention is often indicated for type 3 and 4 frac-
tures. A Salter–Harris type 5 fracture results from 
a crush injury to the reserve or proliferative zones 
of the growth plate and can cause growth arrest. 

 Acute patellar dislocation is one of the most 
common causes of acute hemarthrosis in the 
young athlete. When comparing patellar disloca-
tion in male and female patients, some studies 
have suggested similar rates (Hinton & Sharma, 
 2003  ) , and others have demonstrated that females 
have higher dislocation rates in the under 18 
age group (Fithian, Paxton, Stone, et al.,  2004  ) . 

Risk factors for patella dislocation include 
 ligamentous laxity, increased genu valgum, patella 
alta, lower extremity version abnormalities such 
as femoral anteversion and external tibial torsion, 
trochlear dysplasia, increased quadriceps angle, 
foot pronation, and patellar tilt (Hinton & Sharma, 
 2003  ) . Both the medial retinaculum and the medial 
patellofemoral ligament (MPFL) are primary 
restraints to patellar dislocation. The risk of recur-
rent patellar dislocations appears to be signi fi cantly 
higher in females. A prospective cohort study fol-
lowing 189 pts were followed for 2–5 years. The 
group with the highest risk of dislocation was 
females age 10–17 years; 61 % dislocations 
occurred during sports and 9 % during dancing 
(Fithian et al.,  2004  ) . Standard knee radiographs 
should be taken to evaluate for osteochondral inju-
ries, avulsions of soft tissue fragments, patella 
height, and trochlear dysplasia. MRI is also useful 
to evaluate for signi fi cant soft tissue injuries. 
Initial treatment consists of a brief period of 
immobilization followed by early rehabilitation. 
A recent prospective study on surgical intervention 
for  fi rst-time dislocators in children/adolescents 
did not demonstrate better outcomes compared 
with nonsurgical management (Palmu, Kallio, 
Donell, Helenius, & Nietosvaara,  2008  ) . For 
patients with recurrent symptomatic patellar insta-
bility, surgical intervention may be bene fi cial. 

 Traumatic shoulder dislocations occur primar-
ily in collision and contact sports in young ath-
letes. It has been estimated that around 40 % of 
shoulder dislocations occur in patients younger 
than 22 years of age. A signi fi cant challenge to 
treating physicians is the fact that athletes with a 
history of pediatric dislocation have a 90 % 
chance of recurrent dislocation (Bishop & Flatow, 
 2005 ; Deitch, Mehlman, Foad, Obbehat, & 
Mallory,  2003 ; Rowe,  1956  ) . This is theorized to 
be due to the fact that pediatric dislocations are 
believed to stretch the capsule and diminishes its 
ability to provide support for the shoulder joint. 
Surgical treatment of shoulder instability has 
been shown to be generally successful in young 
patients (Chen, Diaz, Loebenberg, & Rosen, 
 2005  ) . Physical examination in combination with 
diagnostic testing may demonstrate concurrent 
injuries of the anterior bony labrum or labral 
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lesions (Bankart injury, superior labral anterior 
and posterior tear, Hill–Sachs lesions), rotator 
cuff tears, and subscapularis or lesser tuberosity 
avulsions. Three view radiographs of the shoul-
der including an anterior–posterior, Scapular-Y, 
and axillary lateral can help determine direction 
of dislocation and any other bony abnormalities. 
MRI arthrogram is useful for evaluating capsular 
and labral tissues. In the acute setting, immediate 
reduction of the dislocation shoulder be attempted. 
If successful, physical therapy protocol should be 
initiated for strengthening and range of motion. 
Treatment of  fi rst-time dislocation in high-risk 
athletes remains controversial, and there is some 
evidence that early surgery may play a role in 
reducing the risk of secondary dislocation (Bedi 
& Ryu,  2009  ) . Families should be counseled 
about the high risk of recurrent instability epi-
sodes with possible surgical intervention if non-
surgical treatment fails. 

 The treatment of anterior cruciate ligament 
(ACL) injuries in skeletally immature patients 
remains controversial. Recent studies indicate 
that the incidence of this injury may be increas-
ing, and young female athletes start sustaining 
these injuries in signi fi cant numbers around 
12–13 years of age. Nonsurgical treatment has 
historically shown to have poor results due to 
inherent instability leading to meniscal (particu-
larly medial) and chondral injuries (Graf, Lange, 
Fujisaki, Landry, & Saluja,  1992 ; McCarroll, 
Shelbourne, Porter, Rettig, & Murray,  1994  ) . One 
of the most challenging aspects of surgical recon-
struction involves prevention of physeal injury 
leading to growth disturbance (Kocher, Saxon, 
Hovis, & Hawkins,  2002  ) . Several physeal spar-
ing techniques have been described in patients 
with signi fi cant growth remaining. For older 
patients, different techniques using grafts cross-
ing the physis have been described. A recent 
study of patients at Tanner stage 3 or 4 who 
underwent ACL reconstruction using transphy-
seal technique demonstrated no physeal compli-
cations with excellent clinical outcomes (Kocher, 
Smith, Zoric, Lee, & Micheli,  2007  ) . 

 Tibial eminence fractures occur predominantly 
in the skeletally immature patient. The mecha-
nism of injury is similar to that of the previously 

described ACL injury. They are classi fi ed into 
three types: type I, minimal displacement of tibial 
eminence; type II, displacement of anterior third 
to one half of the tibial eminence, producing a 
beak-like deformity on the lateral radiograph; 
and type III, the avulsed tibial eminence is com-
pletely lifted from the underlying bone (Meyers 
& McKeever,  1987  ) . A rare fourth kind has been 
described with complete rotation of the fragment. 
Entrapment of the intermeniscal ligament or ante-
rior meniscus is possible, which may be an 
impediment to reduction of these fractures 
(Kocher, Micheli, Gerbino, & Hresko,  2003  ) . 
These fractures may be associated with other soft 
tissue injuries, including bone contusions, liga-
ment injury, and meniscal tear (Monto, Cameron-
Donaldson, Close, Ho, & Hawkins,  2006  ) . 

 Fractures of the medial epicondyle of the 
elbow are more common than frank elbow dislo-
cations and account for 10 % of elbow fractures 
in children. The ulnar collateral ligament may 
avulse the medial epicondyle during elbow 
trauma. Nearly 50 % of medial epicondyle frac-
tures are associated with dislocation of the elbow; 
the displaced fragment can then become incar-
cerated in the joint, preventing a concentric 
reduction. Acute medial epicondyle fractures and 
dislocations of the elbow can occur in young 
gymnasts, and isolated medial epicondyle frac-
tures are occasionally seen in adolescent pitchers 
(Caine & Nassar,  2005  ) . Nondisplaced fractures 
are treated with casting. In athletes such as throw-
ers, gymnasts, and wrestlers who place high 
physical demands on the elbow, anatomic reduc-
tion of medial epicondyle fractures may be 
important for future athletic performance.  

   Common Chronic Overuse Injuries 

 Overuse injuries are common in adolescents who 
participate in sports. Repetitive activities can lead 
to tendinopathies, many of which have terms 
related to various sports such as golfer’s or tennis 
elbow (medial and lateral epicondylopathy, 
respectively). Tendinopathies can occur through-
out the body. The histopathologic changes vary 
from the early stages of in fl ammation (tendinitis) 
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to chronic nonin fl ammatory, fatty degeneration 
(tendinosis). Treatment options start with conser-
vative treatments such as rest, physical therapy, 
and anti-in fl ammatories. Individuals with symp-
toms refractory to more conservative treatment or 
those who need more aggressive therapy due to 
the need to perform at a high level such as profes-
sional or collegiate athletes can consider treat-
ments such as ultrasound, steroid or platelet-rich 
plasma injections, or surgery. 

 Overuse can result in osteochondroses in ado-
lescents due to their skeletal immaturity. These 
pathologic conditions involving the physis can 
occur in various area such as Osgood–Schlatter 
disease of the tibial tubercle apophysis, Sever’s 
disease of the calcaneus, osteochondritis disse-
cans of the capitellum of the elbow, and Little 
Leaguer’s elbow (medial epicondyle of the 
humerus). Treatment for these conditions primar-
ily involves rest and anti-in fl ammatories/analge-
sics. If displaced or fragmented, surgery may be 
required. 

 Prevention has been more of a recent focus, 
especially in the case of Little League shoulder 
and elbow. In hopes of decreasing the incidence 
of these conditions, USA baseball released rec-
ommendations in the mid-1990s for youth pitch-
ers limiting the number and types of pitches 
thrown depending on age (Benjamin & Briner, 
 2005  ) . Pitchers 8–10 years old should be restricted 
to fastballs, 50 pitches per game, and 75 pitches 
per week (Benjamin & Briner,  2005  ) . Pitchers 
10–11 years old can start throwing changeups, 75 
pitches per game, and 100 pitches per week. 
Pitchers 13–14 years old can start throwing curve 
balls and 125 pitches per week. They are still 
restricted to 75 pitches per game. Pitchers 15–16 
years old can start throwing sliders, forkballs, 
splitters, and knuckleballs and 90 pitches per 
game. There are no restrictions for number of 
pitches per week starting at this age. Pitchers 
17–18 years old can start throwing screwballs 
and 105 pitches per game. 

 Stress fractures are another type of injury that 
can result from overuse. Stress fractures are cat-
egorized into two groups depending on the etiol-
ogy. Fatigue stress fractures are the result of 
abnormal stresses in normal bone (Dixon, 

Newton, & Teh,  2011  ) . Insuf fi ciency stress 
fractures occur due to normal stresses in abnor-
mal bone such as those with anorexia or osteopo-
rosis (Dixon et al.,  2011  ) . All young women who 
present with a stress fracture should be carefully 
screened for the female athlete triad which 
includes inadequate energy availability compared 
to energy used (formally de fi ned as eating disor-
ders such as anorexia), poor bone metabolism 
usually evidenced by the initial stress fracture 
(formally de fi ned as osteoporosis), and hormonal 
imbalances leading to menstrual irregularities 
(formally de fi ned as amenorrhea). The current 
thought is that the Triad is a continuum of these 
milder de fi nitions up to and including the extreme 
de fi nitions (see below). 

 Stress fractures can occur anywhere in the 
body but are most commonly in areas that pro-
vide support during weight-bearing activities 
such as the tibia, femoral neck, or pars interar-
ticularis of the spine. This may also include the 
upper extremity in gymnasts. Runners are at 
increased risk of tibia and femoral neck stress 
fractures (Dixon et al.,  2011 ; Harrast & Colonno, 
 2010  ) . Spondylolysis, fracture of the pars interar-
ticularis, is more common in wrestlers, gymnasts, 
and weightlifters (Dixon et al.,  2011  ) . 

 Images are needed to diagnose stress frac-
tures. Radiographs often are nondiagnostic 
since the majority of stress fractures are non-
displaced and cannot be seen on normal X-ray 
 fi lms. Bone scans have been used historically 
to make the diagnosis; however, MRI is cur-
rently the gold standard since it may provide a 
better indication of the severity of injury and 
predict return to play. 

 Treatment of stress fractures depends on the 
nature and area of the injury. High-risk areas such 
as the femoral neck can have catastrophic conse-
quences (i.e., displacement which may lead to 
necrosis of the femoral head) if not surgically sta-
bilized. Stress fractures of the anterior tibia, 
proximal  fi fth metatarsal metadiaphyseal area, 
sesamoids, and navicular are at high risk of non-
union (Harrast & Colonno,  2010  ) . Surgical stabi-
lization should be considered. Otherwise, 
nonoperative treatment with rest or bracing can 
be implemented.  
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   Special Issues in Musculoskeletal 
Injuries in Adolescents 

 Child abuse is an area that treating physicians 
should remain vigilant for when evaluating mus-
culoskeletal injuries. Abuse in adolescents may 
not be as dif fi cult to assess as it is in children who 
have limited speaking ability. Child abuse as 
described in “The Child Abuse Prevention and 
Treatment Act” (CAPTA) amended by the 
“Keeping Children and Families Safe Act of 
2003” is any recent act or failure to act, on the part 
of the parent or caretaker which results in death, 
serious physical or emotional harm, sexual abuse 
or exploitation, or an act or failure to act which 
presents an imminent risk of serious harm (Sink, 
Hyman, Matheny, Georgopoulos, & Kleinman, 
 2011  ) . A child is a person under the age of 18 
years, unless the child protection law of the state 
in which the child resides speci fi es a younger age 
for cases not involving sexual abuse. 

 Skin injuries are the most common manifesta-
tion of physical abuse. Burns are present in 
10–25 % of cases, and bruising is found in 
50–75 % of abuse victims (McMahon, Grossman, 
Gaffney, & Stanitski,  1995 ; Sink et al.,  2011  ) . 
Bruising in different stages should increase suspi-
cion for abuse. In adolescents, there are no classic 
injuries that are speci fi c of physical abuse like 
metaphyseal corner fractures in younger children 
or femur fractures in children less than one. 

 As brie fl y mentioned above, adolescent girls 
especially those in aesthetic sports (ballet, rhyth-
mic gymnastics, synchronized swimming, and 
 fi gure skating) or those sports who have weight 
categories or in which weight plays a role (crew, 
ski jumping, wrestling) are at increased risk for a 
condition termed the female athlete triad. The 
American College of Sports Medicine (ACSM) in 
1992  fi rst developed a special task force to look 
into the relationship among disordered eating, 
amenorrhea, and osteoporosis in female athletes, 
termed the female athlete triad (Beals & Meyer, 
 2007  ) . They later developed a position paper on 
the female athlete triad, calling for more research 
(Beals & Meyer,  2007 ; Otis, Drinkwater, Johnson, 
et al.,  1997  ) . The new ACSM de fi nition has 
now replaced disordered eating with low energy 

availability, amenorrhea with hormonal dysfunc-
tion and menstrual irregularities, and osteoporosis 
with poor bone metabolism and osteopenia which 
often presents as a stress fracture (Hoch et al., 
 2009 ; Otis et al.,  1997  ) . One study found that 78 % 
of high school female athletes had at least one 
component of the disorder. Only 1 of the 80 ath-
letes had all three components (Hoch et al.,  2009  ) . 
Due to the relative high mortality that occurs in the 
most severe cases, the clinician should carry a high 
sense of suspicion when evaluating female athletes 
with any or all of the components. 

 Weight training in adolescents anecdotally is 
thought to be a concern due to the risk of growth 
disturbances and injuries. However, studies have 
shown little to no evidence that resistance train-
ing will negatively impact growth or maturation 
(Faigenbaum et al.,  2009 ; Malina,  2006  ) . 
Resistance training programs are safe overall 
with low incidence of injury. In one study of 354 
middle school and high school football players, 
the injury rate was 0.082 injuries per person-year 
(Risser, Risser, & Preston,  1990  ) . Lower back 
strain is the most prevalent injury in adolescents 
participating in weight training (Faigenbaum 
et al.,  2009 ; Risser et al.,  1990  ) . 

 Supervision, good technique, and safe train-
ing equipment are important measures to pre-
vent injuries in adolescents (Faigenbaum et al., 
 2009 ; Malina,  2006 ; Risser et al.,  1990  ) . Studies 
have shown that there is an increased risk of 
injury when home exercise equipment is used 
(Faigenbaum et al.,  2009  ) .  

   Targeting Prevention 
of Musculoskeletal Injuries 
in Adolescents 

 Motor vehicle accidents are the leading cause of 
death in adolescents in the United States, compris-
ing 32 % of all deaths and 70 % of unintentional 
deaths (Sleet, Ballesteros, & Borse,  2010  ) . Fatal 
injuries are more likely to occur when seat belts are 
not used, the driver has been drinking, or an inexpe-
rienced driver is driving other teenagers (Chen, 
Baker, Braver, & Li,  2000 ; Quinlan, Brewer, Sleet, 
& Dellinger,  2000 ; Sleet et al.,  2010  ) . Proper use of 
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a seat belt could prevent around 40–60 % of motor 
vehicle deaths (Cummins, Koval, Cantu, & Spratt, 
 2008 ; Sleet et al.,  2010  ) . Unfortunately, adolescents 
are among the highest demographic of people who 
do not wear seat belts. In 2007, 11.1 % of high 
school students reported never wearing seat belts 
(Eaton et al.,  2008 ; Jones & Shults,  2009 ; Sleet 
et al.,  2010  ) . Nonuse was more prevalent in males 
and African American students. The good news is 
that in addition to preventing mortality, seat belts 
prevent morbidity in motor vehicle accidents. Seat 
belt use results in a reduction in maxillofacial and 
lower extremity injuries (Cox et al.,  2004  ) . 
Restrained occupants had relative risks of 0.42, 
0.28, 0.35, and 0.49 compared unrestrained occu-
pants for maxillofacial, pelvis, femur, and tibia/ fi bula 
fractures, respectively (Cox et al.,  2004 ; Estrada, 
Alonso, McGwin, Metzger, & Rue,  2004  ) . 

 Adolescents are at increased risk for unhealthy 
behaviors. Alcohol is the most commonly used 
drugs among teenagers (Sleet et al.,  2010  ) . People 
aged 12–20 years old drink 11 % of all alcohol con-
sumed in the United States, of which 90 % is 
ingested while binge drinking (Sleet et al.,  2010  ) . 
Binge drinking is described as men consuming  fi ve 
or more drinks and women consuming four or more 
drinks within 2 h. In 2007, 75 % of high school stu-
dents reported they had consumed alcohol during 
their lifetimes, 10 % reported they had driven a 
vehicle under the in fl uence of alcohol within the 
past 30 days, and 29 % of students reported they 
had ridden with a driver who had been drinking 
alcohol within the past 30 days (Eaton et al.,  2008 ; 
Jones & Shults,  2009 ; Sleet et al.,  2010  ) . 

 Other unsafe behaviors can also lead to cata-
strophic injuries such as diving accidents. Diving 
was the fourth most common cause of spinal cord 
injuries in the United States (Barss, Djerrari, 
Leduc, Lepage, & Dionne,  2008  ) . Of all spinal 
cord injuries that are a result of diving accidents, 
60 % occur in people younger than 24 years of age 
(Barss et al.,  2008 ; National Spinal Cord Injury 
Statistical Center,  2006  ) . These incidents occur 
from diving into shallow water, resulting in a 
 fl exion–compression injury to the spine. This can 
occur in the setting of recreational activities in the 
pool or any natural body of water. The injury typi-
cally occurs at C5–7 due to the greater mobility of 

these segments (Brown, Brunn, & Garcia,  2001 ; 
Korres et al.,  2006  ) . Quadriplegia is the most com-
mon result of these injuries (Barss et al.,  2008  ) . 

 Safe practices and education are important to 
prevent musculoskeletal injuries. Only 37 % of 
those with spinal cord injuries after diving acci-
dents were aware of the hazard (Barss et al.,  2008  ) . 
Another example is with bicycle helmets, which 
reduce head injuries. It has been reported that 
85.1 % of high school students rarely or never wear 
them (Sleet et al.,  2010  ) . Males are more likely 
than females to not wear helmets (Eaton et al., 
 2008 ; Jones & Shults,  2009 ; Sleet et al.,  2010  ) . 
Peer pressure, negative modeling by family mem-
bers, and community climate are the most common 
reason given for not wearing helmets (Kakefuda, 
Henry, & Stallones,  2009 ; Liller, Morissette, 
Noland, & McDermott,  1998 ; Sleet et al.,  2010  ) . 

 Musculoskeletal injuries also may occur in 
sports due to athletes incorrectly wearing safety 
equipment. One example is in ice hockey players. 
Lacerations to the anterior tibial and extensor 
tendons occur from players folding down their 
boot tongue for comfort reasons (Simonet & Sim, 
 1995  ) . Instead of acting as protection, the tongue 
becomes an aiming device to glide an inadvertent 
ice skating blade into the unprotected anterior 
ankle. Other examples include proper helmet 
 fi tting, the use of mouth guards, appropriately 
 fi tting shin guards in soccer, and the use of eye 
protection in high-risk sports. 

 As further studies on injuries are produced, 
sports governing organizations continue to adjust 
rules to protect players. In 1976, the National 
Collegiate Athletic Association and the National 
Federation of State High School Associations 
implemented major rule changes in football pro-
hibiting the use of the head as the initial contact 
point when blocking and tackling in response to 
several studies on cervical spine injuries (Rihn 
et al.,  2009  ) . In the 1980s and 1990s, ice hockey 
governing bodies began to implement rules 
against checking from behind after studies 
showed the increased incidence of cervical spine 
injuries (Tator, Provvidenza, & Cassidy,  2009 ; 
Watson, Singer, & Sproule,  1996  ) . 

 Safe training practices can reduce injuries such 
as overuse injuries. Injuries can be minimized 



681Musculoskeletal Injuries in Adolescents: A Sports Medicine Model

with quali fi ed supervision, appropriate program 
design, sensible progression, and careful selec-
tion of training equipment (Faigenbaum et al., 
 2009  ) . In addition, the risk of injury can be mini-
mized by limiting the number of heavy lifts dur-
ing a workout, allowing for adequate recovery 
between training sessions, and listening to each 
child’s or adolescent’s questions and concerns 
(Faigenbaum et al.,  2009  ) . 

 In order to provide safe supervision of adoles-
cents, the coaches need to stay up to date on safe 
practices and innovations. Rules are constantly 
being updated to address injury concerns. For 
example, the NFL is constantly changing rules on 
kickoffs to reduce injuries. In 2009, the number 
of players allowed to form a blocking wedge was 
reduced to 2. In 2011, they moved the kickoff to 
the 35-yard line to decrease the number of high-
impact collisions (NFL moves kickoffs to 35-yard 
line, touchbacks unchanged,  2011  ) . 

 Coaches can be used as great instruments to 
teach proper technique and disseminate new infor-
mation to players. In 2002, the equipment manu-
facturer Riddell developed a new helmet that has an 
extended shell onto the mandible area and a face-
mask system that claims to dampen impacts 
(Krauss,  2004  ) . Additionally, it has changes in inte-
rior padding to improve energy attenuation in side 
and posterior impacts. This new helmet is wide-
spread in the NFL and NCAA but is slowly  fi ltering 
down to the high school level (Krauss,  2004  ) . The 
news of this helmet could be spread more quickly 
if coaches stay educated on new innovations on the 
market and inform their players.   

   Section 2: Adolescent Sports 
Injuries—Psychological Aspects 

 We have seen in the previous section the speci fi cs 
of getting injured and recovering from injury in 
an adolescent population. In this section, we will 
address the psychological aspects of sports inju-
ries in adolescents. Four major aspects will be 
covered: vulnerability to injuries, psychological 
reactions to athletic injury, injury recovery, and 
 fi nally prevention of future injuries. The model 
used to describe and explain the connection 

between psychological variables and injury will 
be the    Shaffer’s  (  1997  )  adaptation of Wiese-
Bjornstal, Smith, & LaMott  (  1995  ) . Figure  1  dis-
plays the main elements of the model which were 
supported in Shaffer’s research.  

   Vulnerability to Injuries 

 One of the main variables consistently associated 
with injury vulnerability is stress. Stress is com-
monly de fi ned as the response occurring when 
the perceived demands from the environment or 
situation cannot be met with the perceived 
resources one has (Lazarus & Folkman,  1984  ) . 
Another de fi nition of stress that  fi ts very well the 
injury situation is the following: psychological 
stress is a reaction to an environment where there 
is a threat of loss of resources, an actual loss of 
resources, or a lack of gain after an investment 
(Hobfoll,  1988  ) .  Resources  can be physical 
health,  fi nances, mobility/independence, self-
perception, achievements, and social roles. This 
model of stress incorporates six dimensions 
which help explain why different things are 
stressful for different people and even why the 
same person at different point in time will react 
differently to the same stressor. 

 Besides the above-mentioned resources,  strain  
is de fi ned as the negative consequences of stress-
ful events which can be physical or psychological. 
In the case of athletic injuries, both types of effects 
occur, increasing the level of strain.  Needs  is 
another dimension of the model that refers to the 
biological, emotional, and cognitive requirements 
of the individual, and these needs interact with 
speci fi c environments (such as family expecta-
tions and level of sports participation) to generate 
the demands which are perceived as pressure. 
 Time  is the next dimension because events have 
different impact at different points in the develop-
mental process. Adolescence is a time for estab-
lishing one’s identity, and some events become 
central to that de fi nition. These dimensions of 
resources, needs, strain, and time are also framed 
within the global dimension of  values . 

 Values are seen as the main criteria one uses to 
evaluate oneself and the environment. The model 
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considers cultural and family values, personal 
values, and environmental constraints. We can 
agree that the value placed in athletic achieve-
ment has increased enormously in the last 
decades, and the speci fi c values of the team or the 
family can signi fi cantly increase or decrease the 
stress level of an injured adolescent athlete. The 
 fi nal dimension of the model is  perception , simi-
lar to what is described more commonly in the 
traditional stress literature. The difference here is 
that perception is just one of the dimensions, but 
it is tempered by actual events and objective envi-
ronment situations. We can now look at the 
dimensions of the model in the context of vulner-
ability to injuries (Ford & Gordon,  1999  ) . 

   Are There Some Athletes Who Are More at 
Risk of Athletic Injury than Others? 
 We can start with those who have been injured 
before and, therefore, are likely to worry more 
about reexperiencing the losses that accompany 
injury. This means that some of the cognitive 

resources are focused away from performance 
relevant cues, thus increasing the possibility of 
injury. Consistent with this are the results of 
Newcomer and Perna  (  2003  ) , who found that 
athletes with a recent injury history exhibited a 
greater frequency of intrusive thoughts and 
avoidance behavior than did those without a 
recent injury history. The shift in attentional 
focus causes disruptions to the automaticity of 
the movement, changes in pace and rhythm, and 
even mechanical changes aimed at protecting 
the previously injured part, but that result in an 
inappropriate movement pattern. The same can 
be said of behaviors aimed at avoiding the con-
ditions under which the original injury occurred, 
that is, a certain play or even competing, or run-
ning under speci fi c weather conditions.  

   Are There Situational Factors that Can 
Place an Athlete at Risk of Injury? 
 Team culture that stresses that tolerating pain is 
not only acceptable but honorable and responding 

  Fig. 1    Deductive analysis results supporting Wiese-Bjornstal et al.’s model       
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to it a weakness. Shaffer  (  1997  )  found that young 
wrestlers were willing to wrestle with pain and 
injury if they believed their coaches and/or par-
ents would endorse that behavior and compliment 
them. The athletes’ role on the team whether he is 
a starter or bench player may also play a role in 
injury risk. Evidence is mixed in this issue, with 
some studies showing that starters had higher lev-
els of stress than nonstarters in a football study 
(Brewer,  2009  ) , while some argue that players 
who come in from the bench are more likely to 
“try to prove themselves” and therefore at higher 
risk of injury. Finally, time in season may play a 
role (early versus postseason competition and 
championships). Early in the season, athletes may 
be forced through a period of double sessions and 
 fi tness training in large groups in which peer pres-
sure pushes them beyond where the body would 
tell them to stop. Later in the season at what are 
considered “crucial” moments in the season, ath-
letes are more willing to tolerate pain or to ignore 
warning signs of injury.  

   Can Individual Factors Play a Role 
in Predicting Risk of Injury? 
 Personal motivation and self-con fi dence clearly 
play a role in injury risk. There is likely to be an 
interaction between motivation, self-con fi dence, 
and climate of the team. In teams where there is a 
culture of “toughness,” where paying attention to 
injury signs is considered a weakness, those ath-
letes motivated by the approval of others and 
those athletes with lower levels of self-con fi dence 
are more likely to push themselves and put them-
selves at higher risk of injury. 

 Another factor related to injury is how much 
 being  an athlete is part of  who  the athlete de fi nes 
they are. Athletic identity may be de fi ned as the 
degree with which an individual identi fi es with 
the athlete role (Brewer, VanRaalte, & Linder, 
 1993  ) . Vernau  (  2009  )  found that athletic identity 
signi fi cantly predicted injury both for males and 
females recreational basketball players. Grif fi th 
and Johnson  (  2002  )  found that athletic identity is 
independent of the level of sports performance, 
with Division III athletes showing levels of ath-
letic identity as high as those of Division I play-
ers. The issue of athletic identity is complex. For 

those that felt it was a predominant part of who 
they were, they appeared to have a higher risk of 
injury; however, athletic identity also leads to a 
sense of social structure and support. To a limited 
degree, this may also have a protective effect 
based on the  fi ndings of Brewer  (  2009  )  that lack 
of social support is also one of the individual 
variables that seem to increase probability of ath-
letic injury. 

 As we can see, the issue of vulnerability to 
injuries is a complex one, but integrating the con-
cepts and results cited above, we can suggest the 
following Do’s and Don’ts: 

   Decreasing vulnerability to injuries       

   Recovering from Injury 

 Recovering from injury must extend beyond the 
physical and physiologic healing of the musculo-
skeletal injury but also include the whole athlete 
if the goal is to return them to full competitive 
play. This recovery will proceed through a series 
of expected phases and be dependent on the sup-
port network and social structure available to the 
individual athlete. Carrying on from the previous 
section, we will continue to show the typical 
responses that individuals experience during 
injury rehabilitation. 

   The First 24–48 h 
 In the 24–48 h following a moderately severe 
injury (de fi ned as loss of play for 4–6 weeks), 
attention and help are often given to the individ-
ual, and there can be a period of enjoyment 

 The Do’s  The Don’ts 

 Provide consistent support 
for the person, not just the 
athlete 

 Equate pain or injury 
with weakness and their 
tolerance with 
toughness 

 Encourage a broader identity  Reward results 
exclusively 

 Teach psychological skills, 
such as tension management, 
cognitive control, focusing 
and refocusing strategies 

 Expect the same from 
players of varied levels 
of skill or experience 

 Provide stress management 
tools 

 Ignore changes and 
pressures during the 
season 
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because of the assistance and attention received 
(Tracey,  2003  ) . However, as distance grows from 
when the injury occurred, individuals experience 
a range of emotions that are heightened in inten-
sity when the strength of their perceptions of their 
identity and self-worth are tied directly to their 
ability to perform. These emotions can range 
from despair, depression, anger, hostility, frustra-
tion, worry, and feeling sorry for oneself. 

 To mitigate the negative emotional affects that 
injury can cause. The key personnel involved in 
the adolescent’s life following injury are critical 
to teaching and enabling them to return to play. 
At the time of the initial injury, the response of 
the medical staff is important because the child 
will read as much as they can from the  fi rst 
responders and who they perceive as the expert in 
the treatment to gain insight and con fi dence that 
the injury can be treated well. Secondly, the 
parental response is valuable because they can 
show caring for their child as a whole person 
without emphasizing the athletic identity to avoid 
heightening the negative in fl uences of low self-
esteem which is likely during injury rehabilita-
tion and increases with long-term severe injuries 
that require months or longer periods of rehabili-
tation. Thirdly, coach and teammate responses 
are very important following an injury to show 
that the person is valuable to them whether they 
play or not. The last two points promote the con-
cept that the child is more than a young athlete, 
they are a person that happens to play youth 
sports and treating them as more recognizes their 
whole self. These are positive attributes shown 
through social support.  

   Social Support 
 Social support has been found to be critical for 
injured athletes learning to cope, manage, and 
succeed through their injury experience. The 
sources of social support include medical staff, 
family, friends, coaches, teammates, and other 
injured athletes. The perception of the injured 
person determines the strength of the source of 
support. Which source means more? This 
depends on the value that person puts on that 
source, and it depends on the timing of the 
support, the manner in which it is shown and 

the consistency of its in fl uence. This is a major 
source of self-ef fi cacy and builds con fi dence 
through the rehabilitation process. 

 Tracey  (  2003  )  found that the sensory aspects 
of injury rehabilitation were very important to the 
growth of optimism and hope. Where movement 
was seen to improve, swelling and bruising 
reduced and pain felt to decrease. Positive 
thoughts and feelings increased and led to recom-
mitment to adhering to the rehabilitation protocol 
which encouraged increased responsibility for 
self-care and self-management behaviors.  

   Educating 
 The individual should be informed, taught, and 
educated about their injury and how its optimal 
rehabilitation. Empowering the person by 
increasing self-awareness about the injury and 
instilling con fi dence by explaining the injury 
rehabilitation process has been found by Fisher, 
Domn, and Wuest  (  1988  )  and Duda, Smart, and 
Tappe  (  1989  )  to assist athletes tolerate pain 
and adhere better to rehabilitation protocols. 
This is important because the  fi rst hours of 
injury are critical to the emotional well-being 
of the person. When a rehabilitation plan is in 
place, this leads the use of psychological skills 
techniques outlined below that support the pro-
cess and motivate adherence.  

   Psychological Skills Training 
 Goal setting has been shown to be in fl uential 
on keeping energy and focus on adherence to 
treatment protocols (Evans & Hardy,  2002  ) . 
Proximal short-term goals that concentrate 
effort on following the treatment protocol make 
the person more self-reliant especially when 
they are educated and trained to perform their 
own self-care. 

 Teaching young athletes visualization (imag-
ery) skills and how to apply them to positive treat-
ment and pain control outcomes has been found to 
be useful strategy to helping athletes cope and 
focus on the positive aspects of rehabilitation 
(Morris, Spittle, & Watt,  2005  ) . Teaching imagery 
skills is linked directly with the sensory percep-
tions of athletes detailed above and helps to focus 
energy on productive thinking and future goals. 
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 The following are our suggestions for more 
effective injury recovery: 

   The Do’s of Injury Recovery 
    Educate and empower the child within the  fi rst 

24–48 h after injury.  
  Promote consistent social support.  
  Emphasize the personally controllable aspects of 

the rehabilitation to the individual.  
  Plan the injury rehabilitation period: ensure that 

the individual feels in control of the plan.  
  Set return to proximal goals and monitor the 

rehabilitation plan.  
  Focus the possibilities child on future 

possibilities.     

   The Don’ts of Injury Recovery 
    Promote social isolation from family, teammates, 

and friends.  
  Emphasize the uncontrollable aspects.  
  Expect an adolescent to be completely responsi-

ble for their own rehabilitation.  
  Reinforce the loss of athletic performance.       

   The Psychological Approach to Injury 
Prevention and Supporting the Whole 
Young Athlete 

 Health professionals are encouraged to review 
the conceptual work and application of long-term 
athletic development (LTAD) pioneered by Istvan 
Balyi in Stafford  (  2005  ) . The LTAD model has 
been accepted as an optimal way for children and 
adolescents to be trained in many countries with 
strong youth sports movements including Canada 
and the United Kingdom. The LTAD model has a 
strong science-based framework that concen-
trates parents, coaches, and medical profession-
als on the following aspects of child and 
adolescent growth and development: 

 Fundamental—basic movement literacy; 
emphasizes learning to move that include agility, 
balance, coordination, and speed. Girls 5–8, boys 
6–9 years of age.

   Sports skills—building technique; focus on • 
technical development for a given sport. 
Technical development is considered the pri-

mary concern of the child and adolescent. 
Girls 8–11, boys 9–12 years of age. 
Competition is still de-emphasized.  
  Training to train—building the engine; boys • 
and girls learn to condition themselves aerobi-
cally as their bodies manage aspects of physi-
cal, mental, and emotional growth and 
maturation. Competition is part of the envi-
ronment, but training and improvement is the 
priority for participation. Girls 11–14, boys 
12–15 years of age.  
  Training to compete—optimizing the engine; • 
youth sports participants focus on physical 
and technical conditioning and developing 
individual performance. The volume of train-
ing is high and the competition is low. Girls 
14–16, boys 15–18 years of age.  
  Training to win—maximizing the engine. This • 
stage is about specializing performance for 
sport. Girls 16+, boys 18+ years of age.        
 The purpose of this model is to emphasize 

general sports preparation that develops into spe-
cialized sports performance as children develop. 
The bene fi ts of this approach include but are not 
limited to the following:

   Increased enjoyment  • 
  Reduced competitive stress and anxiety  • 
  Fostered positive socialization in sport  • 
  Improved technical ability  • 
  Educated sports participants    • 
 These bene fi ts mean that children are likely to 

be less vulnerable to injury when the focus is on 
personal growth and improvement and less on 
competition. 

   The Do’s of Injury Prevention 
    Educate the child about the demands and typi-• 
cal injuries associated with the sport.  
  Promote personal improvement and growth.  • 
  Encourage coaches and parents to ensure chil-• 
dren are trained correctly.  
  Emphasize effort goals over competitive goals.  • 
  Refer parents to the best practices for injury • 
prevention and conditioning provided by the 
National Strength and Conditioning 
Association and National Association of 
Athletic Trainers.     



686 A. Gupta et al.

   The Don’ts of Injury Prevention 
    Emphasize competitive comparisons.  • 
  Create unnecessary performance anxiety.  • 
  Permit over training to go unchallenged.  • 
  Use goals that the child has not control over.    • 
 In summary, this chapter has used a sports 

injury model in its approach to musculoskeletal 
injuries. This has allowed us to look at the inci-
dence of musculoskeletal injuries in this age 
group, common musculoskeletal injuries in 
young athletes, as well as risk factors that place 
these young athletes at risk of injury. Perhaps, 
more importantly, the chapter has reviewed evi-
dence-based injury prevention techniques regard-
ing musculoskeletal injuries in youth sports. 
These interventions range from training tech-
niques, early recognition and treatment of prob-
lems, and proper equipment, as well as proper 
coaching and parental feedback. The series of 
Do’s and Don’ts guidelines on vulnerability to 
injury, injury recovery, and injury  prevention can 
easily be extrapolated to musculoskeletal inju-
ries in children who are not actively participating 
in sport but would bene fi t from a holistic 
approach to injury recovery and healing.        

  Acknowledgment   Special acknowledgement to Neel 
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