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The Concept
of Sports Injury

MAJOR CONCEPTS

fter reading and studying this chapter, the reader will be
familiar with the scope and breadth of the topic of sports
injury. This chapter discusses the most popular definitions of
sports injury currently in use, along with a variety of the most

commonly used medical terms related to the type and severity The Web site for this book offers

of injury. These terms are used throughout the remainder of many useful tools and is a great

the book and can also prove useful to the coach when commu- source for supplementary information
nicating with members of the medical community about sports for both students and instructors.

injuries. The last sections of the chapter introduce the concept
of epidemiology as it applies to the study of sports injury. A
straightforward sports classification system is introduced that
is based on the relative amount of physical contact that typi-
cally occurs during the activity. This chapter concludes with
specific participation and injury data from the most popular
school sports in the United States.
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2 CHAPTER 1 The Concept of Sports Injury

Organized competitive high school sports continue to
be extremely popular among American children. Recent
research indicates that appr oximately 7.5 million public
school children are involved in these acti vities annually
(National Federation of State High School Associations
[NFSH], n.d.). Along with modest growth in high school
sports programs, there has been massi ve growth in the
number of adolescent and pediatric-aged children play-
ing sports. As a result of community-based programs, a
total of approximately 30 million sc hool-aged children
are involved in spor ts in the U nited States (A dirim &
Cheng, 2003). Although these spor ts may involve chil-
dren as young as 6 to 8 years, the level of competition is
often extremely high as attested by the fact that it is com-
mon for teams to travel hundreds and sometimes thou-
sands of miles to compete in tournaments. Further, it is
not uncommon for children in sports such as tennis and
gymnastics to invest as much as 20 hours a week in their
chosen activity (Maffulli & Caine, 2005).

With the implementation of the T itle IX Education
Assistance Act of 1972, growth in the par ticipation of
female athlet esin the U nited Stat es wasr eported
through the 1980s at 700% (Stanitski, 1989). Ironically,
as a result of persistent stereotypes in both the la y and
coaching communities that girls were not tough enough
to play sports, many young female athletes were histori-
cally disc ouraged fr om par ticipation. E ven mor e dis-
turbing is the fact that suc  h negati ve st ereotypes still
persist in some spor ts organizations. Available evidence
suggests that for some spor ts the injury rates are higher
for girls, while in other spor ts the r ates are higher for
boys. H igh sc hool data, for e xample, indicat e that in
sports in whic h both genders ¢ ompete such as soc cer
and basketball, there are some differences in injury rates
based on gender . For example, in bask etball, girls sus-
tain mor e ¢ oncussions and knee injur ies, while bo ys
sustain more fractures and contusions (Borowski et al.,
2008). Injury data fr om high school soc cer show that
overall the injury rates are very similar between genders.
There is a notable e xception, however, in that g irls are
found t o ha ve am uch hig her r ate of knee ligament
sprains. The r ates for complete ligament sprains in the
knee r equiring surger y w ere 13 times hig herin g irls
than in boys (Yard, Schroder, et al., 2008). The majority
of these c omplete ligament spr ains resulted from non-
contact mechanisms of injury—a phenomenon that con-
tinues to be an area of intense research within the sports
medicine c ommunity. Data suppor t the pr emise that
with respect to severe injuries, for example, those result-
ing in a loss of more than 21 da ys of sports participa-
tion, the aggregate rate for boys sports was higher than
for girls (Darrow et al., 2009). However, when the data
were restricted to comparisons of basketball, soccer, and
baseball/softball, girls were found to have higher rates of

injuries qualifying as se vere. The authors of this stud y
conclude that this finding is the result of the differences
in rates between girls and boys basketball (Darrow et al.,
2009). (See Figure 1.1 and Figure 1.2.)

Despite the best effor ts of parents, coaches, and offi-
cials, injury continues to be an unavoidable reality for a
significant n umber of par ticipants. Damor e and ¢ ol-
leagues (2003) conducted research examining a broader
age dist ribution. The y studied emergency depar tment
admissions of patients ranging in age from 5 to 21 years
at four hospitals for tw o 1-month per iods (Oct ober
1999 and April 2000). They recorded a total of 1421 in-
juries in a g roup of 1275 patients in the ager ange of
their study. Of these injur ies, 41% w ere att ributed to
sports par ticipation. The a verage age for suc h patients
in their stud y was 12.2 y ears, with sprains, contusions,
and fractures being the most ¢ ommon injuries. M ales
sustained mor e injur ies (62%) t o the m usculoskeletal
system than did their female counterparts.

Radelet and ¢ olleagues (2002) studied injur iesin a
population of children (1659) in volved in ¢ ommunity

FIGURE 1.1 Historically, females were discouraged from
sports participation based on unfounded fears of gender-
based vulnerability to injury.
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FIGURE 1.2 Although data show that in some sports
females have a higher risk for some injuries compared to
their male counterparts, it is also true that in other sports,
rates for males are higher.

sports programs over the course of 2 years. Specifically,
they monitored the injur ies in ¢ hildren ranging in age
from 7 to 13 years who were involved in baseball, soft-
ball, soccer, and football. An injury was defined as “re-
quiring on-field evaluation by coaching staff, or causing
a player to stop participation for any period of time, or
requiring first aid dur ingan e vent.” They fur ther de-
fined an “athlete exposure” as one athlet e participating
in one event (game or practice). Their results, expressed
as the rate of injury per 100 athlete exposures, were that
soccer had the hig hest rate at 2.1 injur ies, followed by
baseball at 1.7, football at 1.5, and softball at 1.0. In all
sports, there were more injuries in games than in pr ac-
tices, with contusions being the most ¢ ommon injury
overall. It is also interesting to note that in soccer, there
were no gender differences in injury rates.

Definition of Sports Injury

Though log ic seems t o argue that det ermining what
constitutes a sports injury would be simple, just the op-
posite is the case. Despit e the effor ts of many in the

sports medicine ¢ ommunity, a sing le, uni versally ac-
ceptable definition of sports injury remains unavailable.
Debates about pr ecise definitions among academicians
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may seem petty to the injured athlete; however, from a
clinical and scientific v iewpoint, having a standar d set
of definitions can g reatly impr ove the usefulness and
impact of future injury studies.

Most current definitions of sports injury incorporate
the length of time away from participation (time lost) as
the major det erminant of injury se verity In 1982, the
National Collegiate Athletic Association (NCAA) estab-
lished the I njury Surveillance System (ISS), which es-
tablished a c ommon set of injury and r isk definitions
for use in t racking collegiate sports injuries. To qualify
as an injur y under the ISS, that injur y must meet the
following criteria:

1. Occursasar esult of par ticipation in an orga-
nized intercollegiate practice or game

2. Requires medical att entionbyat eam athletic
trainer or physician

3. Results in restriction of the student athlete’s par-
ticipation or perfor mance for one or mor e days
beyond the day of injury (Benson, 1995)

The NCAA monit ors injuries at Di vision I, II, and III
institutions across all r egions of the ¢ ountry and pr o-
duces an annual report of the findings.

The National Athletic Trainers’ Association (N ATA)
commissioned tw o national sur veys of hig h sc hool
sports injur ies, eac h spanning 3-y ear per iods (i.e.,
1986—88 and 1995-97). The injur y definitions used in
the NATA studies are similar to those used in the ISS be-
cause they rely on estimates of time lost from play as the
indicator of injury severity (Foster, 1996).

Even though time lost is a convenient method for iden-
tifying an injur y, such a definition does not lend itself to
an accurate reflection of the severity of the injury. Severity
of injury determinations may be made by a variety of peo-
ple, including the coach, physicians or other spor ts medi-
cine personnel, parents, or perhaps even the athlete. A re-
lated problem is that no standard is currently in use by all
organizations monitoring sports injuries for the amount
of time—hours, days, weeks, or months—that m ust be
lost to qualify as a specific level of injury severity.

From a scientific standpoint, using the amount of time
lost as a definition of sports injury is subject to significant
error as previously described, depending on the method
of data collection and injury definitions employed. How-
ever, onc e an injur yis identified, se veral qualifiers ar e
available t o enable spor ts medicine personnel t o better
describe the precise characteristics of the injury. These in-
clude the type of tissue(s) in volved, injury location, and
time frame of the injury, that is, either acute or chronic.

injury Act that damages or hurts.
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4 CHAPTER 1 The Concept of Sports Injury

A commonly used medical classification syst em for
injuries uses tw o major cat egories: acute and ¢ hronic.
Acute injuries have been defined as those ~“character-
ized by a rapid onset, resulting from a traumatic event”
(American Academy of Orthopaedic Surgeons [AAOS],
1991). Acute injuries are usually associat ed with a sig-
nificant traumatic event (Figure 1.3), followed immedi-
ately by a pattern of signs and sy mptoms such as pain,
swelling, and loss of function. In the case of an acute in-
jury, critical force has been defined as the “magnitude
of a sing le force for whic h the anat omical structure of
interest is damaged” (Nigg & Bobber t, 1990). The po-
tential for critical force, and subsequent acut e injury, is
clearly seen in tackle football. ~ Estimat es demonst rate
that the v ertebral bodies in the h uman cervical spine
have a cr itical for ce limit of 340-455 kilog rams. R e-
searchers, using devices to simulate a typical tackle, have
estimated that compressive forces acting on the cervical
spine can exceed these limits (Torg, 1982).

Chronic injuries have been defined as those “charac-
terized by a slow, insidious onset, implying a gradual de-
velopment of structural damage” (A merican Academy
of Family Physicians [AAFP], 1992). Chronic sports in-
juries, in contrast to acute ones, are not associated with
a single traumatic episode; rather, they develop progres-
sively over time. In many cases, they occur in athlet es
who are involved in activities that require repeated, con-
tinuous mo vements, such as in r unning ( Figure 1.4 ).
Consequently, suc h injur iesar e sometimes called
overuse injuries, implying the athlete, by virtue of exces-
sive participation, has exceeded the body’s ability to re-
cover from repeated bouts of activity. Overuse injuries
in tendons occur when the w orkload from exercise ex-
ceeds the ability of musculotendinous tissues to recover
(Hess et al., 1989). Thus, activity serves to cause a pr o-
gressive breakdown of the tissue, leading e ventually to

= W 1

FIGURE 1.3 Acute injury in an athlete.

FIGURE 1.4 Chronic injuries are common in high-impact
sports such as running.

failure. C ommon sit es for o veruse injur ies ar e the

Achilles tendon, the patellar tendon, and the rotator cuff
tendon in the shoulder (H ess et al., 1989). The Achilles
tendon is subject ed t o t remendous st ress dur ing r un-
ning and jumping ( Figure 1.5). Research indicates that

FIGURE 1.5 Injuries to the Achilles tendon are common
in track and field events.
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these for ces may e xceed the ph ysiologic limits of the
tendon, thereby resulting in damage (C urwain & Stan-
ish, 1984). Likewise, the patellar tendon must absorb re-
peated episodes of st ress dur ing spor ts. F or instance,
jumping and landing , as w ell as kicking a soc cer ball
(Figure 1.6 ), gener ate for ces in thist endon thatar e
many times greater than those produced during normal
gait (Gainor etal.,, 1978). Ther otator cuff t endons,
specifically the supraspinatus tendon, is also vulner able
to injury from overuse. Any activity requiring repeated
overhead mo vements of thear m,suc haso verhead
strokes in t ennis ( Figure 1.7 ), plac es sig nificant st ress
on this tendon. This is especially t rue during the decel-
eration phase of a sw ing or thr ow, aft er the ar m has
reached peak velocity. During this period of movement,
muscles undergo eccentric contraction, a type of con-
traction identified as a causative factor in tendon injury
(Curwain & Stanish, 1984). Such stress can cause dam-
age in the supr aspinatus tendon, resulting in a ¢ hronic
injury.

FIGURE 1.6 Jumping and landing, as well as kicking a
soccer ball, subject the patellar tendon to stress.

Definition of Sports Injury 5

FIGURE 1.7 Tennis places significant stress on the
rotator cuff.

DiFiori (1999) cat egorizes fact ors ¢ ontributing t o
overuse injur ies as either int rinsic, suc h as immatur e
(growth) cartilage, lack of flexibility, lack of proper con-
ditioning, psychological factors; and extrinsic, including
such factors as excessive training or lack of adequate re-
covery, incorrect technique, and playing on uneven sur-
faces or surfaces that are too hard.

Probably the most commonly used terms for differen-
tiating tissues in volved in a g iven injury are soft tissue
versus skeletal tissue. Soft tissue, as a cat egory, includes
muscles, fascia,t endons, joint capsules , ligaments,
blood vessels, and ner ves. M ost soft-tissue injur ies in-
volve contusions (bruises), sprains (ligaments/capsules),
and st rains (m uscles/tendons). Sk eletal tissue includes

acute injury Characterized by rapid onset, resulting
from a traumatic event.

critical force Magnitude of a sing le force by which
an anatomic structure is damaged.

chronic injury One characterized by a slo w;, insidi-
ous onset, imply inga g radual de velopment of
structural damage.

eccentric contraction The simultaneous processes of
muscle contraction and st retching of the m uscle—
tendon unit by an extrinsic force.

soft tissue Includes m uscles, fascia, tendons, joint
capsules, ligaments, blood vessels, and nerves.

fascia Fibrous membrane that covers, supports, and
separates muscles.

joint capsule Saclike st ructure that encloses the
ends of bones in a diarthrodial joint.

© Jones & Bartlett Learning, LLC. NOT FOR SALE OR DISTRIBUTION.



6 CHAPTER 1 The Concept of Sports Injury

any bony st ructure in the bod y. Ther efore, under this
system, a common ankle sprain would qualify as a soft-
tissue injury; a fractured wrist would be deemed a skele-
tal injur y. These injur ies, and the for ces that pr oduce
them, are discussed further in Chapter 8.

A notable exception to the general confusion in defin-
ing a sports injury has to do with injuries so severe that
they ar e kno wn as catast rophic. Catastrophic injur ies
often involve damage to the brain and/or spinal cord and
are pot entially life thr eatening or per manent. Another
group of catast rophic injur ies in volves those link ed to
heat-related disorders. In the context of high school and
college spor ts, catast rophic injur y has been defined as
“any se vere injur y incur red dur ing par ticipation in a
school/college sponsor ed spor t” (M ueller & Cantu,
2009). Research on catast rophic injuries in sc hools and
colleges has been ¢ onducted since 1982 by the National
Center for Catastrophic Sports Injury Research, based at
the U niversity of N orth Car olina (M uller & Cantu,
2009). Mueller and Cantu define dir ect catastrophic in-
juries as those that r esult directly from par ticipation in
the skills of a given sport. Indirect catastrophic injuries
are those caused by systemic failure resulting from exer-
tion while participating in a sports activity or by a com-
plication that was sec  ondary t o a nonfatal injur y
(Mueller & Cantu, 2009). Given these definitions, a cat-
astrophic injur y can oc cur as either a dir ect result of
participation (sustaining a neck fracture during a tackle
in football) or an indir ect result (suffer ing a syst emic
heatstroke during a cross-country run).

Athletic Trainers SPEAK Out

Though catast rophic spor ts injur ies ac count for a
small portion of all sports-related injuries, their poten-
tial for ser ious c omplications has r esulted in an in-
creased awareness by members of the spor ts medicine
community. The most recent data available, for the 2008
season, indicat e that at the hig  h sc hool le vel football
produced 7 dir ect fatalities and 13 indir ect fatalities.
The majority of the direct fatalities resulted from brain
injury, and the majority of the indirect fatalities resulted
from heatst roke and car diac-related pr oblems. Other
high school sports mentioned in the 26th annual report
of the N ational Cent er for Catast rophic Spor t I njury
Research in 2009 as mer  iting special att ention ar e
wrestling, g ymnastics, ic e hock ey, baseball, and t rack.
Pole-vaulting is associat ed with the major ity of track-
related deaths (Mueller & Cantu, 2009).

Injury Classifications

Regardless of the specific force involved in producing an
injury, it is critical that all personnel in volved in super-
vision of spor tsand ph ysical ac tivities, par ticularly
coaches, be familiar with and fluent in the use of the ba-
sic terminology of connective-tissue injury. It is essen-

tial that personnel be able t o recognize any injury and
whenever possible correctly identify it as soon as possi-

ble after the injur y occurs, and then clearly descr ibe it
when communicating with other members of the sports
medicine t eam (e.g ., the t eam ph ysician or athletic

Sports-injury prevention is the cornerstone of the athletic trainer. Sports-injury
prevention begins with a comprehensive sport-specific physical examination
given by a qualified medical professional and continues through the selection and
proper fitting of equipment and developing the physical components for sports
competition. | have always said that if an athletic trainer can take an injured body
part and rehabilitate that body part and individual back into full participation,
then why can’t an athletic trainer take an uninjured body part and individual and

provide a strength and conditioning experience that brings that athlete to a top
level of participation for physical activity and competition? With the knowledge,
skills, and experience certified athletic trainers have in the area of athletic injury
prevention they can assist the coach and work with the athlete in flexibility,
strength, plyometric, and aerobic fitness in the prevention of sports injury and in
the enhancement of sports performance.

—Malissa Martin, EdD, ATC, CSCS

Dr. Martin is the director of Athletic Training Education in the Department of
Health Sciences at the College of Mount St. Joseph.
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trainer). [ t is also v ital that spor ts personnel mast er a
vocabulary of standardized terms universal to all mem-
bers of the sports medicine team. In 1968, the Commit-
tee on the M edical Aspects of Sports, a br anch of the
American Medical Association (AMA), published Stan-
dard Nomenclature of Athletic Injuries (SNAI). Though
this text is no longer in pr int, it pr ovided clearly de-
fined, standardized terms that can and should be used
by those providing care for sports injuries.

Because the vast major ity of sports injuries involve
damage t o c onnective tissue, the t erms that apply t o
these c ommon ¢ onditions ar e list ed her eafter. O bvi-
ously, a ¢ ertain degree of variability is una voidable in
any clinical definition. However, these terms, when used
properly, can greatly reduce the confusion that so often
exists regarding specific injuries.

Sprains
Sprains are injur ies t o ligaments, whic h sur round all
synovial joints in the bod y. The se verity of spr ains is
highly variable depending on the for ces involved. SNAI
describes three categories of sprains, based on the le vel
of severity.

First-Degree Sprains

According to SNAIL first-degree sprains are the mildest
form of spr ain; only mild pain and disabilit y oc cur.
These sprains demonstrate little or no sw elling and are
associated with minor ligament damage.

Second-Degree Sprains

Second-degree sprains are more severe; they imply more
actual damage t o the ligament(s) in volved, with an in-
crease in the amount of pain and d ysfunction. Swelling
is more pronounced, and abnor mal motion is pr esent.
Such injuries have a tendency to recur.

Third-Degree Sprains

Third-degree spr ains ar e the most se  vere for m of
sprain and imply a ¢ omplete tear of the ligament(s)

involved. Given the e xtensive damage, pain, swelling,
and hemorrhage are sig nificant and ar e associat ed
with considerable loss of joint stability.

Strains

Strains are injuries to muscles, tendons, or the junction
between the tw o0, c ommonly kno wn as the m usculo-
tendinous junction (MTJ). The most common location
of a strain is the MTJ; however, the exact reason for this
is unknown. As is the case with sprains, there is tremen-
dous var iability in the se verity of st rains incur red in
sports. SNAI presents three categories of strains.

Injury Classifications 7

First-Degree Strains

SNAI describes first-degree strains as the mildest for m
with little associat ed damaget o m uscle and t endon
structures. P ain is most notic eable dur ing use; mild
swelling and muscle spasm may be present.

Second-Degree Strains

Second-degree strains imply mor e extensive damage to
the soft-tissue st ructures in volved. P ain, swelling, and
muscle spasm ar e mor e pr onounced, and func tional
loss is moder ate. These t ypes of injuries are associated
with excessive, forced stretching or a failur e in the syn-
ergistic action in a muscle group.

Third-Degree Strains

Third-degree strains are the most severe form and imply a
complete r upture of the soft-tissue st ructures in volved.
Damage may occur at a variety of locations, including the
bony attachment of the t endon (avulsion fracture), the
tissues between the t endon and m uscle (MTJ), or in the

muscle itself. A defect may be appar ent through the skin
and will be associated with significant swelling. Obviously,
this type of injury involves significant loss of function.

Contusions

In all pr obability, common br uises or ¢ ontusions ar e
the most fr equent spor ts injury, regardless of activity.
Contusions result from direct blows to the body surface
that cause a ¢ ompression of the underly ing tissue(s) as
well as the skin (O "Donoghue, 1984). They can oc cur in
almost any activity; however, collision and contact sports
such as tackle football, basketball, and baseball are more to
blame in this regard. Curiously, many athletes and coaches
view contusions as r outine, minor injur ies, but the y can
be serious, even life-threatening, injuries when the tissues
involve vital organs such as the kidneys or the brain.

catastrophic injury One in volving damage t o the
brain and/or spinal ¢ ord that pr esents a pot en-
tially life-threatening situation or the possibility of
permanent disability.

sprain Injury to ajoint and the sur rounding struc-
tures, primarily ligaments and/or joint capsules.

hemorrhage Discharge of blood.

strain Injury involving muscles and t endons or the
junction betw een the tw o, c ommonly kno wn as
the musculotendinous junction.

avulsion Forcible tearing away or separation.

contusion Bruise or injur y to soft tissue that does
not break the skin.
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8 CHAPTER 1 The Concept of Sports Injury

Contusions are typically characterized as being asso-
ciated with pain, stiffness, swelling, ecchymosis (discol-
oration), and hematoma (pooling of blood). I fnot
treated properly, such injuries to muscle tissue can r e-
sult in a condition known as myositis ossificans, which
involves the development of bonelike formations in the
muscle tissue.

Fractures

Fractures and dislocations r epresent tw o categories of
injuries in volving either bones or joints of  the bod y.
Though such injuries can occur in any activity, they are
more common in collision sports in which large for ces
come into play. Fractures have been defined as “a break
of a bone” (Venes & Taber, 2009). Compound fractures
are potentially more serious because of the risk of infec-
tion related to the open wound. Furthermore, control of
bleeding may be nec essary depending on the se verity
and location of the wound.

Acute fr actures ar e r elatively unc ommon spor ts in-
juries. When they occur, however, appropriate first aid is
essential to prevent complications such as shock, excessive
blood loss, or permanent damage. Fortunately, with mod-
ern diagnostic procedures, identifying traumatic fractures
is relatively easy. The National Safety Council (1991) pro-
vides the following descriptions of signs and symptoms:

* Swelling. Caused by bleeding; it oc curs rapidly
after a fracture.

b. Transverse

a. Greenstick

FIGURE 1.8 Types of fractures.

c. Oblique

e Deformity. This is not always obvious. Compare
the injur ed w ith the uninjur ed opposit e bod y
part when checking for deformity.

* Pain and te nderness. Commonly found only at
the injury site. The athlet e usually can point t o
the site of pain. A useful procedure for detecting
fractures is t o feel gently along the bones; com-
plaints about pain or t enderness serve as ar eli-
able sign of a fracture.

e Loss o fus e. Inability t o use the injur ed par t.
Guarded motion occurs because movement pro-
duces pain, and the athlet e will refuse to use the
injured limb. However, sometimes the athlet e is
able to move the limb with little or no pain.

e Grating s ensation. Do not mo ve the injur ed
limb in an att empt to see if a g rating sensa-
tion called crepitation can be felt (and e ven
sometimes heard) when broken bone ends rub
together.

° History of the injur y. Suspect a fr acture when-
ever se vere for ces ar e in volved, especially in
high-risk spor ts suc h as tackle football, alpine
skiing, and ic e hock ey. The athlet e ma y ha ve
heard or felt the bone snap.

Fractures may also be described in terms of the spe-
cific nature of the break in the bone. The major types of
traumatic fractures are shown in Figure 1.8.

d. Comminuted e. Impacted
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Stress Fracture

A stress fracture is typically linked to sports because it
develops over a r elatively long time per iod, as opposed
to other fractures caused by a single trauma. Stress frac-
tures oc cur when a bone is subject edt or epeated
episodes of overloading (stress) that e xceed its r ate of
recovery. I n effect, the bone star ts to break down and
eventually beg ins t o fail. Because st ress fr actures tak e
time to develop, the signs and symptoms are easily con-
fused with other, less ser ious spor ts-related pr oblems.
This is especially true for stress fractures of the lower leg
bones, which are often confused with shin splints. Al-
though stress fractures can occur throughout the body,
the majority occur in the lo wer extremities. Athletes at
high risk for st ress fractures are those who ar e in poor
physical c ondition or o verweight. H owever, e ven well
conditioned par ticipants may develop such a fr acture,
particularly when they have made a r ecent and sudden
increase in the int  ensity of theirt raining pr ogram.
Stress fractures may even be related to diet.
The sy mptoms of a st ress fr acture ar e nebulous at

best; ne vertheless, ¢ ertain fact ors ar e usually pr esent
when one is developing:

* Pain/tenderness. Athlete complains of pain and/
or t enderness. A c onstant ac he is notr elieved
with rest.

* Absence of trauma. Suspect such a fracture when
there is no hist ory of traumatic e vent, y et the
symptoms persist.

® Repetitive activity. Athlete is in volved in an ac-
tivity that subjec ts the suspec t area to repeated
stressful episodes.

* Duration. Symptoms have slowly developed over
a period of days, weeks, or even months.

Stress fractures often present the physician with a dif-
ficult diagnosis because, during the initial phases, X-ray
examinations may not show the fracture. In fact, it may
take several weeks or longer after the onset of symptoms
for the fr acture to be v isible on X-r ay ( Venes & T aber,
2009). It is this healing pr ocess, known technically as a
callus, that can be seen on an X-r ay and that signals that
a fracture has occurred (see Figure 1.9). As a result, the
physician m ust base the diag nosis on the fact ors listed
previously. The best appr oachist o treat athletes as if
they have a st ress fracture and r epeat the X-r ay evalua-
tion on a w eekly or biweekly basis until a callus is seen.
In difficult cases, a bone scan or mag netic r esonance
imaging may be used to obtain a positive diagnosis.

Treatment of stress fractures involves rest and splint-
ing or casting when necessary, followed by a slow, grad-
ual return to par ticipation. Athletes ar e often encour-
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FIGURE 1.9 Stress fracture of the third metatarsal (ap-
proximately midshaft) in the left foot. Note callus forma-
tion around the site of the fracture.

aged to maintain their fit ness levels during recovery by
cross training—that is, riding a stationary bike, jogging
in shallo w wat er, or sw imming. All of these acti vities
provide good stimulation of aerobic fitness while reduc-
ing stress on the skeletal system. Any program of recov-
ery m ust be st ructured on an indi vidual basis b y the
coach, athletic trainer, and physician.

Salter-Harris Fractures

A category of fractures unique to the adolescent athlete
involves the epiph yseal g rowth plate and is kno wn as
Salter-Harris fr actures. These fr actures ar e classified

based on the specific location of  the fr acture line(s)

across the epiph yseal region of the bone. Five types (I,
I1, 1L, IV, V) have been identified (Figure 1.10).

Type I in volves a c omplete separation of the epiph-
ysis from the metaphysis.

ecchymosis Black-and-blue discoloration of the skin
caused by hemorrhage.

hematoma A localiz ed ¢ ollection of e xtravasated
blood, usually clott ed, that is ¢ onfined within an
organ, tissue, or space.

myositis ossificans Myositis marked by ossification
within a muscle.

fracture A break or crack in a bone.

crepitation Crackling sound heard during the move-
ment of a broken bone.

stress fracture Small crack or br eak in a boner e-
lated to excessive, repeated overloads; also known
as overuse fracture or march fracture.

epiphysis Cartilaginous growth region of a bone.

metaphysis That por tion of growing bone locat ed
between the shaft and the epiphysis.
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Type Il

FIGURE 1.10 Salter-Harris epiphyseal fractures.

Type IT in volves a separ ation of the epiph ysis from
the metaphysis as well as a fr acture through a small
part of the metaphysis.

Type III involves a fracture of the epiphysis.

Type IV in volves fracture of both the epiph ysis and
metaphysis.

Type V involves a cr ushing injur y of the epiph ysis
without displacement.

Salter-Harris fractures can result in long-t erm com-
plications for bone g rowth if not car ed for pr operly.
These complications include pr emature closure of the
growth plate or abnor mal joint alig nment, which can
result in the possibilit y of differ ent leg lengths when
growth c eases. These injur ies m ust be e valuated by a
physician, who will determine the best method of man-
agement. If there is a fr acture associated with displace-
ment of the fragments, reduction is required. This may
be accomplished either w ith or w ithout surgical inter-
vention, depending on the specifics of the pathology as
determined by the physician. Salter-Harris fractures are
discussed further in Chapter 20.

Dislocations

Dislocations have been defined as “the temporary dis-
placement of a bone from its normal position in a joint”
(Venes & Taber, 2009). Two types of dislocations can oc-
cur, based on the se verity of the injury. A subluxation
takes place when the bones of a joint ar e only par tially
displaced. A luxation happens when the bones of a joint
are totally displaced. In a sense, any dislocation, whether
it is a subluxation or luxation, should be viewed as a se-

vere type of sprain. Recall that spr ains involve damage
to the tissues sur rounding joints—that is, capsules and
ligaments. As suc h, dislocations pr esent man y of the
same signs and symptoms as those seen in sprains. First
aid treatment for dislocations ¢ ombines care given for
both sprains and fractures.

Dislocations can oc cur in any articulation; however,
specific joints seem to be more vulnerable. Two joints in
the shoulder ¢ omplex, the g lenohumeral and the
acromioclavicular, are injured frequently in sports such
as tackle football and w restling. The small joints in the
fingers ar e commonly dislocat ed in baseball and soft-
ball. Fortunately, such dislocations are relatively easy to
evaluate because their most definiti ve sign is defor mity
of the joint. Deformity is t ypically easily identified be-
cause the joint can be quickly ¢ ompared to the same
joint on the opposit e side of the bod y or an adjac ent
joint such as in a finger or toe. Symptoms of dislocation
include joint d ysfunction, as w ell as the feeling of the
joint having been for ced out of normal position. Often
the athlete reports having heard a snapping or popping
sound as well. If treated properly, full recovery typically
occurs. It is important to note that at no time should the
coach attempt to reduce (put back in place) any disloca-
tion, no matter how minor it may appear to be. All dislo-
cations should be diagnosed and reduced by a physician
after a complete medical evaluation.

Injury Recognition

From a pr actical standpoint, lear ning to recognize in-

jury, regardless of the classification syst em used, is an

essential skill to be mastered by the coach. To a great ex-
tent, the athlet e’s health and safet y are determined by
the decisions and subsequent actions of the ¢ oach be-
cause the c oach is most oft en the first t o arrive at the

scene of an injury. In addition, the dramatic increase in
sports-injury litigation should serve as further incentive
for coaching personnel to be prepared for emergencies.
The premise that most injuries are best treated with the
“run-it-out” approach is dangerous, to say the least. To-
day’s coach should treat all possible injuries as such, un-
til proven otherwise. It is imperative that coaching per-
sonnel develop the knowledge and skills to discriminate
injuries requiring medical referral from those not neces-

A student athlete asks you to explain the dif-
ference between a subluxation and a luxation
of a joint.
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sitating such e valuation. M oreover, it should be not ed
that such decisions are best left t o qualified health spe-

cialists, such as athletic trainers certified by the Board of
Certification (B OC). E very effor t should be madet o
have such a specialist emplo yed, either per manently or
part-time, by the school or agency sponsoring the sports
program.

Epidemiology of Sports Injury

Scientific spor ts-injury r esearchisar elatively r ecent
phenomenon. The major ity of the early studies, some-
times known as case-series studies, were based on infor-
mation collected by medical personnel at hospitals or
clinics (Walter et al., 1985). Although these data ha ve
provided valuable information, significant problems are
associated with this t ype of data ¢ ollection. Typically,
only athletes with significant injur ies seek medical at-
tention at a hospital or clinic. Thus, a large n umber of
athletes with injuries of minor to moderate severity may
not be included in the stud y. Another pr oblem w ith
case-series research is the inability to accurately identify
the cause or causes of a specific injury. For example, re-
searchers at a par ticular clinic might conclude that less
experienced athlet es ar e mor e susc eptible t o injur ies.
However, without knowing the gener al level of experi-
ence of all athlet es—injured as well as uninjur ed—it is
impossible to determine what constitutes inexperience.

A better approach to sports-injury research involves
the application of the principles of epidemiology. T he
science of epidemiology is the “study of the distribution
of diseases, injur ies, or other health stat esinh uman
populations for the pur pose of identifying and imple-
menting measur es t o pr event their de velopment and
spread” (Caine, Caine, & Lindner, 1996). The sports epi-
demiologist collects information in an effort to identify
risk factors that may have contributed to a par ticular
injury. H ypotheses ar e then de veloped and t ested t o
confirm a statistical r elationship. Risk fact ors, such as
collisions in tackle football or ice hockey, may be inher-
ent in the sport. Equipment may increase the risk of in-
jury—for example, a safety helmet with a faulty design
or a diving board set too close to the pool deck. The ath-
lete may also possess r isk factors—for example, muscle
imbalances, obesity, low skill level, or any of a variety of
congenital conditions.

By determining statistical relationships between sus-
pected risk factors and specific injur ies, sports regula-
tory organizations can implement strategies designed to
reduce or eliminate the risk of sports injuries. The inci-
dence of spine injury in tackle football was sig nificantly
reduced byar ule c hange implement ed in 1976 that
made the practice of spearing (tackling and/or blocking
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with the head as the initial point of ¢ ontact) illegal
(Torg, 1982). In this case, the a vailable data indicat ed
that the technique of spearing placed the cervical spine
(neck) of athletes at risk.

Curiously, it was also h ~ ypothesized that impr ove-
ments in helmet technology in the early 1970s may have
contributed to the incr ease in c ervical spine injur y be-
cause athletes were inclined t o tackle w ith their heads
down, essentially using their head asaw eapon, in the
belief they would not sustain a head injury.

Since the early 1970s, se veral organizations in the
United States have sponsored large-scale injur y sur veil-
lance syst ems. The earliest t o emplo y epidemiolog ical
methods was the National Athletic Injury/Illness Report-
ing System (NAIRS), which was instituted in 1974. More
recently, the National Collegiate Athletic Association In-
jury S urveillance S ystem (NCAA -ISS) and the H igh
School RIO (R eporting Information Online), an I nter-
net-based r eporting syst em (www .highschoolrio.com),
have established ongoing spor ts-injury surveillance sys-
tems. Sports organizations such as the National Football
League (NFL) and the N ational Hockey League (NHL)
conduct ongoing injury surveillance annually as well.

The National Center for Catast rophic Spor ts Injury
Research began oper ation in 1982 w ith a focus on the
documentation of catast rophic injur ies at the hig h
school and college levels (Mueller & Cantu, 1993). This
center monit ors catast rophic injur ies in the follo wing
sports:

Baseball Soccer
Basketball Softball
Cross-country skiing Swimming
Field hockey Tennis
Football Track
Gymnastics Volleyball
Ice hockey Water polo
Lacrosse Wrestling

dislocation The displac ement of ¢ ontiguous sur-
faces of bones comprising a joint.

subluxation Partial or inc omplete dislo cation of an
articulation.

luxation Complete dislocation of a joint.

epidemiology The study of the distribution of disease
or injury within a population and its environment.

risk factor Causative agent in a sports injury.

spearing A pr actice in tackle footballw  hereby a
player performs either a tackle or a block using the
head as the initial point of contact.
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The pr imary goal of all organizations in volved in
sports-injury research is t o identify r isk factors for in-
jury and, whenever possible, to develop and implement
strategies to eliminate or reduce these risk(s). It is hoped
that the infor mation c ollected b y these organizations
will lead to continued reductions in both the frequency
and severity of sports injuries.

Classification of Sports

Just as injuries can be defined and described using a va-
riety of medical and scientific terms, sports can be clas-
sified based on their comparative risk of injury based on
criteria such as the amount of physical contact between
participants or the r elative int ensity of the ac tivities.
The American Academy of Pediatrics (AAP) classifies
many popular sports into three categories based on the
likelihood of collisions with par ticipants or inanimat e
objects. The cat egories ar e ¢ ontact/collision, limit ed
contact, and nonc ontact. The first cat egory, contact/
collision, combines sports that involve intentional con-
tact betw een par ticipants suc h as tackle football,
wrestling, martial arts, and ice hockey (collision sports)
with spor ts suc h as bask etball, lacr osse, and soc cer,
which often involve some contact between participants
(contact spor ts), and the differ ence is the amount of
force involved (AAP, 2001). Limited-contact sports are
sports where contact between participants or with inan-
imate objectsis ~ “infrequent or inad vertent” (AAP ,
2001). Examples of sports in this category include base-
ball and softball, downhill skiing, and v olleyball. Non-
contact sports, as the name implies, typically do not in-
volve contact betw een par ticipants. Examples of these
sports include badmint on, bowling, golf, and r unning
(AAP, 2001). Assuch, the pot ential for impact-r elated
injuries is lo wer in limit ed-contact and nonc ontact
sports than in ¢ ontact/collision spor ts. N ote, ho wever,
that such classification systems do not imply that sports
classified as something other than ¢ ontact/collision are
completely safe. To the contrary, not all injur ies are re-
lated to the amount of physical contact between partici-
pants. For example, temperature-related injuries such as
heat e xhaustion and heatst roke can oc cur in v irtually
any spor t w hen pr oper pr eventive measur es ar e ne-
glected. Also note that the AAP states that participation
in boxing is not reccommended (AAP, 1994).

Sports medicine personnel, coaches, administrators,
and parents can use this infor mation when athletes are
found t o have specific health-r elated problems dur ing
their pr eparticipation physical e valuations (PP E). F or
example, a ¢ hild with a hist ory of recent head injur vy,
such as a concussion, would be ill-advised to participate

A student athlete asks you the classification
of her three favorite sports, for example,
softball, golf, and soccer.

in a ¢ ontact/collision spor t such as football. However,
contrary to popular belief, noncontact sports can repre-
sent a risk to athletes as well. For example, a child with
an identified, clinically sig nificant congenital heart dis-
order might be ad vised to avoid aerobic activities such
as track, swimming, and aerobic dance.

Extent of the Injury Problem:
Some Examples

This section presents current statistical infor mation on
injuries in six popular int erscholastic sports, beginning
with tackle football.

Tackle Football

Tackle football ( Figure 1.11) continues to be popular,
with appr oximately 1.5 million athlet es par ticipating,
beginning as young as age 9 at the y outh sport level, up
through high school, collegiate, and pr ofessional le vels
(Stuart et al., 2002). The most recent data available from
the National Federation of State High School Associa-
tions (NFHS) for 2008—09 indicat e that in hig h school
alone there were 1,140,027 participants (NFHS, n.d.).

Ramirez and ¢ olleagues (2006) ¢ onducted a 2-y ear
duration study of high school football injuries that sur-
veyed 87 sc hools in Califor nia. They report an o verall
injury rate of 25.5 injuries for every 100 players with the
highest r ates oc curring dur ing games. Earlier r esearch
conducted at the hig h school le vel found that 34% of
the participants were injured, based on a stud y funded
by the N ational Athletic Trainers” Association (N ATA)
(Powell & Bar ber-Foss, 1999). The N ATA sur vey sug-
gests that the percentage of high school-level players in-
jured annually has dropped slightly compared with the
3-year period of 1985-87. Many of these injuries are di-
rectly attributable to the fact that participants obviously
collide with one another as part of the game.

More recent research conducted by Shankar and col-
leagues (2007) at the hig h school le vel estimat es that
517,726 injur ies oc curred in football dur  ing the
2005-06 season. In this stud vy, r esearchers define an
injury as having occurred either in practice or game, re-
quiring the care of either the athletic trainer or a physi-
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FIGURE 1.11 Up to 34% of participants in interscholastic tackle football can expect to be injured.

cian, and it had t o be severe enough to require the ath-
lete to miss one da y, or mor e, of par ticipation beyond
the day of the injury. They define an athlete exposure as
participation in either a game or a practice. As such, in-
jury rates were expressed in this study as the number of
injuries for e very 1000 athlet e e xposures. This is the
most common way of expressing the rate of injury and
it allo ws r esearchers t o mak e c omparisons betw een
sources of injuries, for e xample, betw een practice and
games. The majority (88.2%) of these injuries were clas-
sified as “new,” meaning they were not reinjury of previ-
ous injuries (Shankar et al., 2007). The most commonly
injured areas of the body were the knee and ankle, with
ligament injur ies (spr ains) being the most ¢ ommon
type of injury to both joints. In all, lower-extremity in-
juries accounted for 46.9% of all injur ies. With respect
to the upper e  xtremity, the shoulder ac  counted for
12.4% of injur ies, followed by the hand at 9.3%. The
head/face and the torso/spine/neck combined for 23.1%
of injur ies (Shankar et al., 2007). (Head and neck in-
juries are discussed in detail in Chapt er 9.) S imilar to
the findings of Ramirez and colleagues, Shankar and as-

sociates also found that the injur y rate during games
was five times the rate seen in practice (Shankar et al.,
2007). This is a sober ing finding and most ¢ ertainly
highlights the impor tance of ha ving t rained spor ts
medicine pr ofessionals pr esent at games whene ver
possible.

Recent research examining injuries in youth football
provides a w ealth of infor mation. For example, Stuart
and colleagues (2002) examined the injury rates in 915
players aged 9 t o 13 y ears distributed across 42 t eams.
Over the ¢ ourse of one season, theser esearchers
recorded a t otal of 55 injur ies during games. Of these,
the major ity w ere ¢ ontusions (60%), w ith m uscle
strains, spr ains, fr actures, abr asions, and ¢ oncussions
accounting for 20%, 9%, 7%, 2%, and 2%, respectively.
The majority of the injuries involved the lower extrem-
ity, including four fractures, all Salter-Harris type (Figure
1.10). It is interesting to note that their data also indicate

Salter-Harris Fracture A category of fractures that
involves the growth plate.
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14 CHAPTER 1 The Concept of Sports Injury

a r elationship betw een age and injur y: Older pla yers
were found t o be at a hig her risk for injur ies. In addi-
tion, the highest relative risk of injury by player position
was found for r unning backs and quar terbacks, fol-
lowed by defensive backs and then linebackers.

Malina and ¢ olleagues (2006) studied 678 pla  yers
aged 9t 0 14y ears (PONY F ootball L eague) o ver two
consecutive seasons. An injury was defined as “any in-
jury that causes cessation of a player’s customary partic-
ipation on the da y follo wing the da y of onset.” BOC-
certified athletic t rainers w ere on-sit et o r ecord all
injuries, both at home games and pr ~ actices, to ensure
accuracy of thedata. At otal of 259 injur iesw ere
recorded over two seasons, with 178 occurring in prac-
tice and the remaining 81 in games. Most injuries (64%)
were minor, with moderate and major injur ies at 18%
and 13%, respectively. Injury rates were similar for play-
ers in the four th and fifth g rades at 13.3 and 12.9 per
1000 exposures, respectively, with rates doubling for the
seventh and eig hth grades at 26.1 and 27.4 injur ies per
1000 exposures, respectively. It is also interesting to note
that, excluding the sixth-grade cohort, game injury rates
were more than double the r ates seen in practice for all
other grade levels. Further, the game injury rates for the
seventh and eig hth grades were the same as the game
rates for high school participants reported by Powel and
Barber-Foss (1999). H owever, when ¢ ompared t o the
more r ecent hig h sc hool data fr om Shankar et al.
(2007), it appears that the injur  y r ates for the y outh
sports players greatly exceed the r ates seen at the hig h
school le vel. Shankar et al. (2007) r eport that pr actice
injury rates were 2.56 injur ies per 1000 e xposures and
12.04 per 1000 exposures for games. These numbers are
significantly lower than the r ates reported by Malina et
al. (2006). In aggregate, these findings reinforce the no-
tion that coaching personnel at the y outh football le vel
must be trained in first aid and cardiopulmonary resus-
citation (CPR), and whenever possible, a BOC-certified
athletic t rainer should be on hand for both pr  actices
and games (Powell & Barber-Foss, 1999).

Understandably, an ongoing area of concern in tackle
football is the incidenc e of injuries involving the br ain
and spinal cord. Recent research conducted by Mueller
and Cantu (2009) finds that althoug h there have been
significant r eductions in football-r elated fatalities and
nonfatal catastrophic injuries since 1976, data for 2007
show a dramatic rise in the incidence of serious injuries
involving the head and neck. In 2006, there were four
such injuries reported; however, that number jumped to
19 in 2007 (Mueller & Cantu, 2009). Earlier research on
high sc hool spor ts c onducted b y P owell and Bar ber-
Foss (1999) indicat es an incr ease in the r eported inci-
dence of injur ies t o the head/neck/spine. Specifically,
the authors found that 10.3% of all the injuries reported

during the 3-y ear period of 1995-97 w ere classified as
neurotrauma (injur ies t o the ner vous syst em suc h as
mild brain injury). In this category, football exceeded a
number of other sports such as wrestling, baseball, soc-
cer, and basketball.

Given the inher ently violent natur e of the spor t, it
may be impossible t o eliminate head and neck injur ies
from football c ompletely; however, these data c ertainly
make it clear that more work needs to be done to imple-
ment effective strategies to reduce the incidence of seri-
ous injuries associated with football. Head and neck in-
juries are discussed in detail in Chapter 9.

Basketball

Slightly fewer than 1 million high school students, boys
and g irls, par ticipated in bask etball pr ograms in the
United States during the 2008—09 school year (NFHSA,
n.d.). R ecent r esearch b y Bor owski and ¢ olleagues
(2008) is ¢ onsistent w ith earlier w ork by P owell and
Barber-Foss (1999). The data indicate that for both gen-
ders, basketball continues to be associat ed with a high
percentage of injuries in the lo wer extremities. For ex-
ample, the ankle/foot, knee, and hip/thigh/upper leg ac-
counted for 62.8% of the injur ies (genders c ombined)
(Borowski et al., 2008).

Note that the incidence of knee injuries in basketball
is consistently higher for girls than it is for boys (Figure
1.12). In addition, girls also demonst rate a hig her per-
centage of knee injur ies r equiring surger y (P owell &
Barber-Foss, 1999). It is notable that Borowski and asso-

FIGURE 1.12 Basketball places the lower extremities of
female players at particular risk.
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ciates (2008) found that injur ies to the knee w ere the
most frequent injury requiring surgery. This finding is
troubling for an umber of r easons including the fact
that major knee ligament injur ies are typically season
ending and can even jeopardize an athlete’s ability to re-
turn to the sport. Aside from the financial implications,
evidence suggests that for those athletes who sustain in-
juries to their anterior cruciate ligament (ACL) a signif-
icant per centage will go on t o de velop premature os-
teoarthritis in the knee. The data suggest that this w ill
occur in as many as 26% of those who have surgical re-
construction of their ligament and in as many as 60% to
100% of those who do not ha ve reconstructive surgery
(Louboutin et al., 2009).

The most r ecent data (2005—06 season) a  vailable
from the N ational Collegiate Athletic Association’s In-
jury Surveillance System (NCAA-ISS) yield results simi-
lar to, but per haps more striking than, the high school
data. Women bask etball pla yers at the ¢ ollegiate le vel
were found t o have injured their knees, specifically the
ACL, at a much higher rate than their male counterparts
did. Specifically, the women’s injury rate during practice
was appr oximately tw ice that seen in men ’s pr actice.
The differ ence b etween women and men pla yers’ ACL
injuries in games was even more striking in that the rate
of ACL injury during games was thr ee times higher for
women than for men. As such, it appears that w ith re-
spect to collegiate basketball, female athletes continue to
exhibit a far g reater risk for sustaining injur ies to the
ACL than do their male ¢ ounterparts. Although a great
deal of research has been and ¢ ontinues to be focused
on explanations for these differences, no definitive cause
has y et been identified. Researchto date attemptsto
identify risk factors in female athlet es associated with a
higher risk for noncontact ACL injuries (Arendt & Dick,
1995; G riffin et al.,, 2000; H armon & I reland, 2000;
Hewett, M yer, & F ord, 2006; H ewett, F ord, & M yer,
2006; Kirkendall & Gar rett, 2000). For a mor e detailed
discussion of the issue of ACL injuries, see Chapter 15.

Baseball and Softball

Participation figures for the 2008—09 season sho w there
were 474,274 par ticipants in baseball and 370,467 in
softball at the high school level (NFHS, n.d.). The latest
available injury data collected during the 2005-07 base-
ball seasons demonst rate an o verall injury rate of 1.26
injuries per 1000 athlet e e xposures (C ollins & C om-
stock, 2008). For comparison, using the same data c ol-
lection system (High School RIO) within the same time
period, the overall rate of injury for boys in basketball
was 1.83, soc cer was 2.34, and football was 4.36
(Borowski et al., 2008; Shankar et al., 2007; Yard, Schroder,
et al., 2008). As such, of the four spor ts described here,
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baseball had the lo west overall injur y rate. Of the in-
juries reported, sprains and strains combined for 41.1%
of the injuries, with contusions and fractures making up
an additional 30.3% of the total.

The bod y ar eas most ¢ ommonly injur ed w ere the
shoulder, ankle, and head and face combining for 43.5%
of all injur ies. However, despite the lo w overall rate of
injury, this lat est r esearch also hig hlights the finding
that 11.6% of all injur ies reported resulted from being
struck by a batted ball. More alarming is the finding that
48% of those injur ies were to the head/face (Collins &
Comstock, 2008). When compared to earlier w ork by
Powell and Bar ber-Foss (1999), Collins and C omstock
(2008) found that the incidenc e of injuries to the head
and face has increased significantly as well as has the in-
cidence of fractures. In light of these finding s, the au-
thors recommend that pit chers, infielders, and batt ers
all wear helmets with face shields or wear mouth guards
and eye protection (Collins & Comstock, 2008).

Recent injur y data for hig h sc hool softball is not
available; however, Marshall and associates (2007) pub-
lished ther esults of along-t erm stud y (1988-89
through 2003-04) of injuries associated with collegiate-
level softball. A consistent finding r egardless of NCAA
division was that injur y r ates w ere nearly double in
games versus practice; for example, in Division 1, these
rates were 4.45 per 1000 athlet e exposures versus 2.98
per 1000 athlet e e xposures, r espectively. Ov erall, the
lower e xtremities ac counted for 42% of all injur ies,
whereas the upper e xtremity ac counted for 33%. For
both games and pr actice, the ankle was the most ¢ om-
monly injur ed body ar ea and the injur y type in both
cases was a spr ain. Fixed bases pla yed heavily into the
rate of ankle injur ies: Of the 9% of game-r elated in-
juries caused by contact with a fix ed base, 43.3% w ere
classified as ankle ligament spr ~ ains (M arshall et al,,
2007). Many of these ankle spr ains resulted from feet-
first sliding when base running.

Similar to the data from baseball, Marshall et al. note
that being struck by a batted ball in 2003—04 ac counted
for 11.8% of all game-related injuries. Of these, pitchers
and batters were most commonly injured by batted balls
(Marshall et al., 2007). Head injuries associated with be-
ing struck by batted balls had the hig hest frequency in
batters and third basemen (Marshall et al., 2007). As was
the case with baseball, it seems prudent that appropriate
safety equipment be w orn at all times b y those pla yers
shown to be at risk.

Approximately 4.8 million children between the ages
of 5and 14 y ears play baseball, softball, or tee-ball an-
nually (AAP, 2001). According to the AAP, per haps as
many as 8% of these children are injured each year. Of
these injur ies, 26% ar e fr actures and 37% ar e contu-
sions/abrasions. It is w orthy to note that the AAP has
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determined that ¢ hildren have an incr eased vulnera-
bility to chest impacts from balls, perhaps because of
the increased elasticity of the thor ax in these y oung
players (AAP, 2001). Between the years 1973 and 1995,
88 baseball-r elated deaths w ere r eported in this age
group. F orty-three per cent r esulted fr om dir ect ball
impact with the chest. The AAP has made a number of
recommendations designed to reduce the risk of such
injuries, including the use of batting helmets and face
protectors, both at bat and w hen on base; outfitting
catchers with a helmet, face mask, and chest and neck
protector; eliminating the on-deck cir cle; and adding
protective scr eening ar ound dugouts and pla  yer
benches. Eye injuries are a major concern in baseball,
which is the most pr  oductive spor tin thisr egard.
One-third of these injuries result from being struck by
a pitched ball.

A persistent area of concern for decades has been the
risk of injury to the elbow in adolescent pitchers. This
fear was apparently based on the fac t that many young
pitchers ¢ omplained of elbo w pain and subsequent
medical e valuation sometimes found e  vidence of
overuse injuries in these ¢ hildren. It was thoug ht that
these injuries were related to throwing excessive num-
bers of curve balls and/or breaking pitches. Specifically,
the area of concern is the medial h umeral epicondyle
(see Chapter 12) and the muscles that attach at this lo-
cation. In the adolescent elbow, these attachments rep-
resent a growth plate; as such, they may be vulner able
to the repeated stresses that pitching can generate. Re-
search by Adams (1965) raised serious concerns about
elbow injuries among Little L eague pitchers. This con-
dition, dubbed Little League elbow, created a consider-
able amount of worry among parents in the late 1960s.
Two studies conducted by major medical groups exam-
ined the relationships between pitching mechanics and
injuries and w ere published in the 1970s. Theser e-
searchers found no r elationship between pitching and
elbow damage (G ugenheim et al., 1976; Larson et al.,
1976). In contrast to these studies, research conducted
by Micheli and Fehlandt (1992) endeavored to identify
what causes injur ies to tendons and apophyses (bony
attachments of tendons) in a population of 445 ¢ hil-
dren aged 8 t 0 19 years. Their c onclusion was that for
boys, baseball was associat ed with the hig hest oc cur-
rence of injury. Further, softball was the four th most
commonly associated sport for injury in girls. Overall,
they found that in their study group the most common
injuries were to the elbow (Micheli & Fehlandt, 1992).
It has also been r eported that those pit ching with a
sidearm technique (Figure 1.13) are three times mor e
likely to develop elbow problems than those who pitch
using the mor e t raditional o verhand st yle (Stanitski,
1993).
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FIGURE 1.13 The correct pitching technique combined
with limits on the number of pitches per week can spare
Little Leaguers possible elbow damage.

A common assumption within the lay community is
that softball pit ching (so-called under hand pitching) is
inherently safer than is o verhand pit ching associat ed
with baseball. However, although it is the case that rules
are in place at the amateur level in baseball that limit the
total number of innings pitched, softball has no such re-
strictions. In fact, one study noted that female pit chers
pitch in as many as six games during a weekend tourna-
ment with a t otal of 1200-1500 pit ches pitched over 3
days. (Werner et al., 2006). Pain in the anterior shoul-
der has been reported as a common symptom in softball
pitchers and is associat ed with e xcessively high for ces
that ar e gener ated dur ing the “windmill” st yle pit ch,
which stresses the attachment of the long head of the bi-
ceps brachii to the glenoid labrum (Rojas et al., 2009).
Research found that the for ces ac ting on the bic eps
brachii attachment were higher than those in the o ver-
hand throw (Rojas et al., 2009). Contrary to the w ork
cited earlier on Little League elbow, Lyman et al. (2002)
did find an association between elbow pain and pitching
in a group of 476 youth pitchers between the ages of 9
and 14 years. They found that as pit ch count increased
through the season, so did the r isk of elbow pain (Ly-
man etal., 2002). Fleisigetal. (2009) ¢ onclude that
there are four factors that increase the risk of elbow in-
jury in youth players: (1) number of pitches thrown, (2)
pitching mec hanics, (3) pit ch t ype, and (4) ph ysical
condition of the pla yer. However, it is cr itical to note
that a n umber of studies that att empted to link cur ve
balls with elbow injury failed t o find a ¢ onsistent link
(Fleisig et al., 2009).

Wrestling

Wrestling at the high school level drew 273,403 par tici-
pants during the 2008—09 season (NFHS, n.d.). Its con-
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tinued popularity is no doubt par tly a result of the fact
that participants are matched by body weight, thus al-
lowing children of all bod y sizes to par ticipate. H ow-
ever, g iven the natur e of the spor t, c ollisions/contact
with opponents and mats do r esult in var ious injuries.
In addition, joint injuries occur in takedown and escape
maneuvers as well as in holds ( Figure 1.14), which are
essential parts of the sport.

Yard, Collins, and c olleagues (2008) r eported injury
data on both hig h school and ¢ ollege wrestlers for the
2005-06 season and o verall found that ¢ ollegiate
wrestlers are injured at ar ate three times g reater than
their high school counterparts are. The knee is the most
commonly injur ed bod y ar ea at the ¢ ollegiate le vel,
representing 17.1% of all injur ies, w ith shoulder
strains/sprains and dislocations/subluxations ¢ ombin-
ing for 16.2% of the injur ies. Injuries of the head/face
account for 7.4% of injuries, and concussions comprise
5.8%. At the high school level, shoulder st rains/sprains
account for 8.5% of injuries followed closely b y ankle
strains/sprains at 7.6% and knee spr ains/strains at

7.0%. Curiously, concussions at the high school level ac-

FIGURE 1.14 In wrestling, takedown and escape maneu-
vers can result in injuries.

A parent asks you for advice about which
high school sport is the safest for his daugh-
ter. Based on available data, what would you
tell him?

Extent of the Injury Problem: Some Examples 17

counted for 5.4% of injuries, falling within 0.4% of the
collegiate percentage (Yard, Collins, et al., 2008). Injury
rates were found to be much higher in matches than in
practice for both high school and collegiate participants
(two and five times higher, respectively) (Yard, Collins,
et al., 2008).

Other injur ies c ommon t o w restling ar e friction
burns to the skin, skin infections, and ir ritation of the
outer ear (sometimes r eferred t o as cauliflo wer ear).
Mandatory headgear that pr ovides ear pr otection, im-
provements in mat surfac es, and v igilant cleaning and
maintenance of facilities ha ve significantly reduced the
incidence of these problems. As a result of an increase in
the incidence of reported cases of skin infections caused
by methicillin-resistant Staphylococcus aureus (MRSA)
inr ecent y ears, e veryone in volved w ith the spor t of
wrestling, including the athletes, has become more vigi-
lant with respect to spotting skin infections early . The
available data indicat e that althoug h MRSA ¢ ontinues
to be a threat, many other skin-related infections occur
with m uch g reater fr equency. H igh sc hool w restling
data, for e xample, list skin infections as 8.5% of all re-
ported “injuries,” with impetigo ac counting for 30.0%,
herpes at 20.5%, and ringworm at 20.0% (Yard, Collins,
et al., 2008). The same study found that at the collegiate
level, skin infections made up 20.3% of all reported “in-
juries.” Herpes was the most ¢ ommon, at 47.1% of all
reported skin infections, with impetigo ac counting for
36.8%, tinea ¢ orporis at 7.4%, cellulitis at 5.9%, and
MRSA cases at 2.9%.

At the hig h school le vel, the major ity of skin infec-
tions were on the head/fac e and neck ( Yard, Collins, et
al., 2008). M any skin infections ar e hig hly c ontagious
through direct contact with an infected person or conta-
minated equipment such as wrestling mats and clothing.
It is critical that coaches, athletes, and support personnel
such as athletic t rainers remain vigilant to identify po-
tential skin infections and t reat them accordingly before
they can spread to others. Athletes with active skin infec-
tions should be removed from participation and referred
to a ph ysician for diag nosis and, when nec essary, treat-
ment, and these athlet es should not return to participa-
tion until cleared to return by a physician. Wrestling mats
should be cleaned daily after practice with an appropriate

Little League elbow Condition related to excessive
throwing that results in swelling of the medial epi-
condyle of the elbo w, thatis, medial h umeral
epicondylitis.

apophysis Bony outgrowth to which muscles attach.

anterior Before or in front of.

friction Heat producing.
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18 CHAPTER 1 The Concept of Sports Injury

disinfectant product designed specifically to kill MRSA
and other ¢ ommon pathogens. The position stat e-
ment of the National Athletic Trainers’ Association on
community-acquired MRSA infec tionsisa vailable at

http://nata.org/sites/default/files/ MRSA.pdf.

Because wrestling incorporates specific w eight cate-
gories, the spor t has hist orically been plagued w ith
problems associat ed w ith r apid and e xcessive w eight
loss by par ticipants. This issue is discussed fur ther in
Chapter 6 and Appendix 2.

Volleyball

The sport of volleyball continues to be extremely popu-
lar at the hig h school level. The latest participation fig-
ures sho w that for the 2008—09 season, ther e w ere
474,274 par ticipants (NFHS, n.d.). Volleyball in volves
jumping, di ving, and o verhand ar m sw inging (ser ves
and spiking) and as suc h qualifies as a limit ed-contact
sport. Injury data from the 1995-97 N ATA study (Pow-
ell & Barber-Foss, 1999) found that 14.9% of the volley-
ball par ticipants sustained some t ype of participation-
related injur y. Of those, the major ity (51.5%) w ere
classified as sprains, which was the highest percentage of
sprains for the 10 spor  ts sur veyed. Of these spr ains,
41.8% involved the ankle/foot, exceeding girls’ basket-
ball in this r egard for the same sur vey. Knee injuries in
volleyball constituted 11.1% of the injuries reported in
the survey (Powell & Barber-Foss, 1999).

High sc hool data r eported appr oximately 10y ears
later (2005-08) demonst rate a st rikingly similar per-
centage of v olleyball injur ies in volving the ankle at
42.6%, which was about 2% less than the r ate seen in
girls basketball and approximately 20% higher than that
seen in girls soccer (Swenson et al., 2009). In a study of
severe injuries (resulting in a loss of more than 21 days
of participation) in hig h school athletes, Darrow et al.
(2009) reported that volleyball produced the lowest per-
centage of severe injuries (3.9%) of all the sports in the
study that sur veyed boys’ football, boys’ and g irls’ soc-
cer, g irls’ v olleyball, bo ys’ and g irls’ bask etball, bo ys’
wrestling, boys’ baseball, and girls’ softball. The knee and
ankle were involved in approximately 60% of the severe
injuries related to volleyball with fractures and complete
and inc omplete ligament t ears making up mor e than
82% of reported events (Darrow et al., 2009).

Soccer

Soccer, c ommonly called football outside the U  nited
States (Figure 1.15), has g rown in popular ity through-
out the United States with recent estimates of nearly 14

FIGURE 1.15 The most common injuries among soccer
players involve the knee, shin, and ankle.

million participants younger than age 18. According to
the NFHS, during the 2008—09 season, a total of 728,358
boys and g irls participated in soc cer programs at their
respective high schools (NFHS, n.d.).

Although soc cer does not in volve int entional c olli-
sions betw een pla yers, incidental ¢ ollisions fr equently
occur, and as suc h, it is classified b y the AAP as a c on-
tact/collision sport (AAP, 1994). Protective equipment is
limited, w ith most bod yar eas e xposed t o e xternal
trauma. High school data representing participation in
2005-07 found an o verall injur y r ate (genders ¢ om-
bined) of 2.39 injuries per 1000 athletic exposures. This
was fur ther divided int o injur ies dur ing c ompetition,
which yielded a rate of 4.77 per 1000 athletic e xposures
versus a rate seen in practice of 1.37 (Yard, Schroder, et
al., 2008). I ncomplete and ¢ omplete ligament spr ains
along with contusions accounted for nearly 60% of all
the injur ies, genders ¢ ombined. The lo wer e xtremity
(thigh, knee, ankle) and the head/face combined for ap-
proximately 69% of the injuries. A stunning finding was
that during competitions, girls sustained complete liga-
ment sprains at a rate of 26.4 per 100,000 athlet e expo-
sures, compared t o a ¢ ompetition rate of forboysof
1.98 (Yard, Schroder, et al., 2008).

With respect t o knee injur ies, specifically the ACL,
available data indicat e that female y outh par ticipants
sustain higher numbers of these injuries than their male
counterparts do. Research based on youth soccer insur-
ance claims found that female par ticipants dramatically
increased the number of claims for ACL injuries at age
14, and c ompared with males, females demonst rated a
higher ratio of knee injury compared to all injuries and
a higher ratio of ACL injury compared to all injur ies
(Shea et al., 2004).
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A unique aspect of  the game in volves the skill
known as heading , in w hich a par ticipant c ontacts a
ball with the head, in most cases after it has been kicked
into the air . Some medical e xperts have hypothesized
that this practice may lead to possible head injury. His-
torically, little reliable research has been c onducted at-
tempting t o ¢ onfirm this h ypothesis ( Jordan et al.,
1996; S modlaka, 1984). H owever, r esearch e xamining
the incidence of head injur y from all causes in soc cer,
as well as e vidence of decreased neur ocognitive func-
tion, has increased significantly in recent years. Boden,
Kirkendall, Gar rett (1998) e xamined the r ate of con-
cussions in soccer at the collegiate level and found that
the majority of the concussions reported resulted from
collisions w ith an opponent r ather than fr om int en-
tional heading of the ball. Although prevention of con-
cussion must remain a priority across all spor ts, avail-
able data in soc cer indicat e that ther eisnotm uch
difference in the r ate of concussion between boys and
girls, with concussion representing about 3% of all in-
juries reported (Le Gall, Carling, Reilly, 2008). Research
has also found that although heading the ball continues
to result in concussion, collisions between players is the

REVIEW QUESTIONS

Review Questions 19

most common cause of concussion (Koutures, Gregory,
& Council on Spor ts M edicine and Fit ness, 2010). In
recent years specialized helmets for soc cer players have
been introduced in an effort to reduce the incidence of
head injury. However, data based on sound scienc e fail
to support their universal use at this time (K outures et
al., 2010).

In recent years, a n umber of deaths and se vere in-
juries have been related to improperly constructed mov-
able soccer goals. For the period from 1979 to 1994, at
least 21 deaths were reported; an additional 120 nonfa-
tal injuries occurred that w ere directly related to mov-
able goals (C  onsumer P roduct Safet y C ommission
[CPSC], 1995). The majority of these injuries and fatali-
ties occurred when the goals tipped over and struck the
victims. As a r esult, n umerous soc cer organizations—
such as the F ederation I nternationale de F ootball, the
National Federation of State High School Associations,
and the National Collegiate Athletic Association—have
established strict criteria for the c onstruction of soccer
goals. In addition, the C onsumer Product Safety Com-
mission has published guidelines for the desig  nand
construction of movable soccer goals.

1. Damore and ¢ olleagues (2003) ¢ onducted r e-
search on emergency depar tment admissions in a
population of patients ranging in age from 5 to 21
years. What per centage of these admissions was
attributable to sports injuries?

2. What ar e the most ¢ ommonly used cr iteria for
defining a sports injury?

3. Describe briefly two major problems that arise re-
garding the most ¢ ommonly used definitions of
sports injury.

4. What are the three criteria necessary for an injury
to be classified as suc h under the NCAA ’s Injury
Surveillance System (ISS)?

5. Define and differentiate between acute and chronic
forms of injury.

6. What constitutes a catastrophic sports injury?

7. What specific tissue t ypes are involved in spr ains
and strains? How is the se verity of these injur ies
defined?

8. What makes a st ress fracture unique when ¢ om-
pared with other types of fractures?

9. Define and differentiate between subluxation and
luxation.

10. Using the sports classification system presented in
this chapter, what is the classification for the sport
of basketball?

11. What is the science of epidemiology?

12. According to Shankar et al. (2007), what ar e the
most ¢ ommonly injur ed ar eas of the bod yin
tackle football?

13. True or false: According to Shankar et al. (2007),
the injur y r ate in football pr actice is fi ve times
higher than in games.

14. In bask etball, what injur y most oft en r esults in
surgery?

15. Whatw ere the c onclusions of M icheli and
Fehlandt (1992) r egarding the r elationship be-
tween elbo w injur ies and par ticipation in base-
ball?

16. What piec e of equipmentr elated t o soc cer has
been found to play a direct role in the majority of
deaths related in this sport?
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