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The cause of rotator cuff injuries in the young athlete has

been described as an overuse injury related to internal

impingement. Abduction coupled with external rotation is

believed to impinge on the rotator cuff, specifically the

supraspinatus, and lead to undersurface tears that can

progress to full-thickness tears. This impingement is

believed to be worsened with increased range of motion

and instability in overhead athletes. A retrospective review

of seven patients diagnosed with rotator cuff injuries was

performed to better understand this shoulder injury

pattern. The type of sport played, a history of trauma,

diagnosis, treatment method, and outcome were noted. Six

patients were male and one was a female. Baseball was

the primary sport for four patients, basketball for one,

gymnastics for one, and wrestling for one. The following

injury patterns were observed: two patients tore their

subscapularis tendon, two sustained avulsion fractures of

their lesser tuberosity, one tore his rotator interval, one tore

his supraspinatus, and one avulsed his greater tuberosity.

Only four patients recalled a specific traumatic event. Three

patients were treated with arthroscopic rotator cuff repair,

three with miniopen repair, and one was treated with

rehabilitation. Six of the seven patients returned to their

preinjury level of sport after treatment. Rotator cuff tears

are rare in the adolescent age group. The injury patterns

suggest that acute trauma likely accounts for many rotator

cuff tears and their equivalents in the young patient.

Adolescents with rotator cuff tears reliably return to sports

after treatment. The possibility of rotator cuff tears in

skeletally immature athletes should be considered. The

prognosis is very good once this injury is identified and

treated. J Pediatr Orthop B 22:133–137 �c 2013 Wolters

Kluwer Health | Lippincott Williams & Wilkins.

Journal of Pediatric Orthopaedics B 2013, 22:133–137

Keywords: overuse injury, rotator cuff, shoulder injury, young athlete

aKeck School of Medicine, Children’s Orthopaedic Center, Children’s Hospital
Los Angeles, University of Southern California, Los Angeles, California and
bChildren’s Hospital Philadelphia, Philadelphia, Pennsylvania, USA

Correspondence to Jennifer M. Weiss, MD, Keck School of Medicine, Children’s
Orthopaedic Center, Children’s Hospital Los Angeles, University of Southern
California, 4650 W Sunset Blvd., Mailstop #69, Los Angeles, CA 90027, USA
Tel: + 1 323 361 4658; fax: + 1 323 361 1310; e-mail: jweiss@chla.usc.edu

Introduction
Over the past few decades, organized sports have grown,

leading to an increase in the incidence of overuse injuries

in pediatric and adolescent athletes. Throwing sports,

particularly baseball, have increased the incidence of such

injuries [1] in skeletally immature athletes, where injury

could lead to long-term disabilities and deformities.

Overuse and repetition of overhead activities have been

implicated as the explanations for rotator cuff tears in the

young athlete. The coupling of abduction with external

rotation is believed to impinge the rotator cuff, specifi-

cally the supraspinatus, and lead to articular-sided fraying

and eventually tears of the rotator cuff. Such impinge-

ment has even been described in asymptomatic throwing

athletes [2].

It has been our experience that rotator cuff injuries and

their equivalents (avulsion fractures of the greater and

lesser tuberosities) may not all be caused by this overuse

impingement mechanism. The aim of this study is to

determine whether repetitive impingent of the rotator

cuff is in fact the etiology of rotator cuff tears in the very

young athlete.

Here, we present a series of seven adolescent patients

with sports-related rotator cuff injuries to describe a

growing pattern of overuse injuries in adolescents, and to

show how a once-perceived unusual shoulder injury

pattern is indeed becoming less rare.

Methods
A retrospective review of seven patients diagnosed with

rotator cuff injuries was performed to better understand

this shoulder injury pattern. To better understand this

trend, the type of sport played, a history of trauma,

diagnosis, treatment method, and outcome were noted.

Results
Of B500 patients seen in two pediatric institutions for

shoulder pain each year, only seven, or 1.4%, were

diagnosed with rotator cuff tears (or equivalents).

Six of the seven patients were male. The female patient

was a gymnast. Of the six male patients, four played

baseball as their primary sport, one played basketball, and

one was a wrestler. All except one had injured their

dominant arm.

Two of seven patients presented with a history of

persistent pain, whereas four of seven were able to recall

a specific traumatic event. A history of trauma was

generally preceded by a subtle onset of previous shoulder

symptoms in this series. Three of four patients in this

series who recalled a single traumatic event as the origin
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of their injury suffered these after performing a

particularly injury-prone activity, that is baseball pitching,

participation on multiple teams over multiple seasons, or

continuing to play through pain. All three patients who

were diagnosed with avulsion fractures heard and felt a

‘pop’ at the time of their injury.

Specific diagnoses included subscapularis tear (two),

avulsion fracture of the lesser tuberosity (two), tear of the

supraspinatus tendon, tear of the rotator interval, and

avulsion fracture of the greater tuberosity. Specific

diagnosis by sport is as follows: the gymnast tore her

subscapularis. The wrestler sustained a greater tuberosity

avulsion fracture. The baseball players sustained a rotator

interval tear and an avulsion of the lesser tuberosity. The

basketball player tore his supraspinatus tendon. The

patients who played both baseball and basketball

sustained an avulsion fracture of the lesser tuberosity

and a partial-thickness tear of the subscapularis.

Three patients underwent open repair of the rotator cuff,

three underwent arthroscopic repair, and one participated

in a rehabilitation program. In terms of the treatment

outcome, one patient experienced a retear (at 11 months

postoperative) and six patients were returned to normal

activity at their latest follow-up. Each of the seven cases

in this series is summarized in Table 1.

Discussion
Examination of the injury patterns of these seven athletes

confirms that impingement of the supraspinatus in

abduction coupled with external rotation does not

account for the majority of these rotator cuff injuries

and avulsion fractures. This mechanism may account for

two of these cases: that of the supraspinatus tear and

possibly the rotator interval tear. The injuries to the

subscapularis are more likely explained by external

rotation forces.

Avulsion fractures of the greater and lesser tuberosities of

the humerus are included in this study as ‘rotator cuff

tear equivalents.’ Avulsion of the lesser tuberosity has

been described, and the mechanism is believed to be a

strong force applied to an arm that is in external rotation

and abduction [3–5]. Avulsion of the greater tuberosity is

an equivalent to a supraspinatus tear.

Overuse in these young athletes may have placed these

patients at risk for their injuries with decreased stability

and strength. There is increased recognition of overuse

injury to the upper extremity in the young athlete.

Although the growth plate is more prone to injury in the

skeletally immature athlete, several injury patterns

described show that tendons, ligaments, and bones are

also injured [6]. More specifically, rotator cuff injuries are

much less commonly found in skeletally immature

athletes than in adults. Young overhead athletes, however,

do experience tendonitis and subacromial impingement.

Overhead athletes prone to these injuries include

swimmers, tennis players, volleyball players, and

throwers. In our series, these activities include baseball,

gymnastics, basketball, and wrestling. This increase in

upper extremity overuse injuries has been well docu-

mented, especially in baseball players. There has been an

increase in the frequency of participation in competitive

throwing sports, especially baseball [1,7,8]. The growth of

the incidence of these injuries is reflected in case series,

in which reports of upper extremity injuries range from

single cases [7,9], to series of two [3,5], four [10], and

now seven.

Overuse injuries are increasing, and are responsible for up

to 70% of visits to the pediatric sports medicine

clinics [11]. Pressure to enhance performance at a young

age in baseball is reflected in the exponential increase in

high school athletes who have undergone ulnar collateral

ligament reconstruction in recent years [12]. Whereas

professional managers have the luxury of 10 or 11 man

pitching staffs, most coaches at the high school level rely

on three or four of their top arms to carry them through a

20 + game season. Also, many, if not all, of today’s youth

pitchers are using their arms at other positions on the

field when they are not on the mound. Finally, athletes,

not only in baseball, are playing on multiple teams year-

round in hopes of improving their skills and the chance of

attracting the attention of coaches and scouts.

As in the cases reported by Tarkin et al. [10], a history of

trauma was generally preceded by a subtle onset of

previous shoulder symptoms in this series. This was also

the case in our series. Three of four patients in this series

who recalled a single traumatic event as the origin of their

injury suffered these after performing a particularly

Table 1 Summary of cases in the series

Case Sex Age Sport Onset of pain Diagnosis Side Treatment Follow-up (months)

1 F 13 Gymnastics Chronic Subscapularis tear Right Arthroscopic repair 16
2 M 13 Wrestling Acute Avulsion fracture of greater tuberosity Left (nondominant side) Arthroscopic repair 7
3 M 13 Baseball/basketball Acute Avulsion fracture of lesser tuberosity Right Open repair 5
4 M 13 Baseball/basketball Acute Partial thickness subscapularis tear Right Rehabilitation 3
5 M 13 Baseball Chronic Avulsion fracture of lesser tuberosity Right Open repair 10
6 M 12 Baseball Acute Rotator interval tear Right Open repair 17
7 M 17 Basketball Chronic Supraspinatus tear Right Arthroscopic repair 12

F, female; M, male.
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injury-prone activity. Unfortunately, this series, as well as

others that report on rotator cuff injuries in adolescents,

fail to adequately address the social history of the athletes

with respect to the injury pattern. A prospective study

that seeks to record not only the injury pattern but also to

understand the psychology and training practices of

patients before injury would provide the most compre-

hensive understanding of this injury pattern.

A prospective epidemiologic study among college-level

baseball players, which sought to establish an injury

pattern in collegiate-level baseball players, reported that

the overall incidence of any related complaints or injuries

was 19% [13]. Fifty-eight percent of the injuries occurred

in the upper extremity, with shoulder injuries among the

most prevalent. Because of the mechanics of pitching,

there was a higher incidence of shoulder injuries among

pitchers (69%). Rotator cuff tendonitis was the most

frequent diagnosis [13]. This long-term (3-year) study,

while failing to address the psychology of sport,

particularly at the college level, indicates the high

incidence of injuries in the upper extremity and begins

to show how overuse may be responsible for more chronic

injuries such as tendonitis and impingement. These

conditions predispose one to more acute injuries, such as

rotator cuff tears and avulsion fractures [7,9]. In our

series, three patients were found to have avulsion

fractures (one isolated avulsion fracture and two asso-

ciated with tears of the rotator cuff) (Figs 1–3). Both Ross

and Love and Sugalski et al. [5,9] report on cases of

isolated avulsion fractures of the lesser tuberosity of the

humerus in a 15 and a 12-year-old boy, respectively, and

identify the mechanism of injury as a strong external

rotary force applied with the arm in abduction. Both

patients presumably were skeletally immature. One of

the patients in this series who presented with an isolated

avulsion fracture of the lesser tuberosity confirmed this

same arm position at the time of the ‘pop.’ His injury

Fig. 1

Supraspinatus avulsion fracture. The arrow points to the avulsion
fragment.

Fig. 2

Range of motion after operative fixation of subscapularis avulsion.
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occurred as a result of his participation in an arm-

wrestling match.

Because of the rarity of rotator cuff injuries in children, it

is difficult to draw conclusions or make recommendations

on treatment methods. In this series, six of seven patients

underwent surgical repair of the injury, and were pain free

and returning to normal activity at last follow-up.

However, one patient underwent a nonsurgical rehabilita-

tion program and was completely healed at the 3-month

follow-up. Because the patient who did not undergo

surgery had an excellent result, future thought and study

is warranted to guide decision-making for surgical

intervention in this group of patients. As the variety of

treatments methods utilized in this case series (arthro-

scopic debridement, open repair of avulsion fracture,

open repair of the rotator cuff, rehabilitation) show,

treatment considerations should focus on the competitive

level of the athlete, their desire to return to sports, and

the best-suited procedure for the specific injury. More-

over, prevention of these injuries is the best treatment.

The keys to the prevention of overuse injuries include

educating coaches, parents, and children alike of the

potential hazards associated with premature sport spe-

cialization and by emphasizing the recreational value of

sports. In addition, as rotator cuff injuries and impinge-

ment are patterns of injuries that occur secondary to

repetitive loading and chronic overuse, guidelines on

pitching technique, pitch counts, and frequency of

pitching in baseball, as well as early recognition of these

injuries will help prevent their progression. The American

Sports Medicine Institute suggests guidelines for young

players and pitch counts, in addition to which type of

pitch to introduce at what stage of development

(Table 2). Ultimately, however, the mechanism of injury

in most of these patients was likely traumatic.

Conclusion

In summary, these cases help to provide an awareness of

the growing trend of overuse injuries in the pediatric and

adolescent population. They serve to illustrate the sport-

specific nature of rotator cuff tears in adolescents, and

emphasize a trend of overuse injuries in athletes of a

similar sport category (overhead athletes). The possibility

of rotator cuff tears in skeletally immature athletes

should be considered during physical examination, and

prevention programs should be emphasized to at-risk

patients to help reverse the current trend in overuse

injuries in this population.

Rotator cuff tears are rare among young patients, as

evidenced by the fact that only 1.4% of the patients with

shoulder pain were so diagnosed. The treatment of

rotator cuff tears in this population requires additional

Fig. 3

Supraspinatus tear. The MRI shows a supraspinatus tear in a 17-year-
old basketball player who underwent arthroscopic fixation after the
failure of conservative management.

Table 2 General baseball pitching guidelines set forth by the
American Sports Medicine Institute [6]

Age (years)
Maximum number of

pitches/game Suggested pitch types

8–10 52 8 years – fastball
10 years – change-up

11–12 68 Fastball, change-up
13–14 76 Fastball, change-up

14 years – curveball
15–16 91 Fastball, change-up

16 years – slider
17–18 106 Fastball, change-up, curveball, slider
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study. A prospective study on operative versus nonopera-

tive care for these patients is necessary to determine for

whom surgical intervention is appropriate. Conservative

rehabilitation and activity modification may continue to

be appropriate for many of these patients.
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