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SUMMARY

INTRODUCTION
"r‘E._" he practice of athletics in the
United States has changed sig-
. nificantly in the last 30 years
{25). Competitive seasons last longer,
and athletes often practice all year for

one sport. The multisport athlete s
almost a thing of the past, as coaches
applv intense pressure on athletes o
specialize in one spore. Even Division
1H collegiate athletes now have a pon-
traditional season, playing softhall in
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the fall or field hockey in the spring,
Commensurate with this trend is a dra-
matic increase in organized compet-
tive athletics for vouth {11} The
number of additional vouth involved
in sport is difficult to measure, but one
estimate sugrests that as many as 35
million American youth are involved
irt sports every year. Moreover, DiFiord
has suggested that the extent ol athletic
participation is more intense (10,
The American Academy of Pediatrics
has indicated thar there appears to e
mcressing numbers of children who
specialize in sport at an early age and
train all year for that sport (5) For
example, articles in the Neoo Yond Tiwes
reported on a small town in Minnesota
where the baskethall coach wanted o
start 3 “rraveling squad” for second
graders {3). Parents hire private
coaches for their Little League playvers
(13} These parenis believe that im-
proved batting makes their children
berter applicants for college. There are
literally thousands of clul teams play-
ing an inordinate number of compet-
itions a vear. In San Diego alone, there
are maore than 125 basehall teams for
children ages 10 and younger, many
playing 80 pames a vear, far more than
most college teams. The prevailing
thought is that iff children do not
specialize by the eighth grade, then
they are not prepared for higher-level
COMPETition,

Moreover, the reduction of physical
education in the schools combined
with the health concerns of children
has motivated parents to create sports
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programs for their own children, often
developing elahorate programs with
extensive competiion {18). Unforo-
mately. coaches in such programs often
have minimal rraining. Certification
programs for youth sport coaches
often are cursory st best In faeg,
certification is not required in many
locales. There is concern that we place
our most valnerable individuals {chil-

The increase in organized competitive
athletics for wvouth does nor come
without an increased risk of injune
The risk of injury has abways been part
of athletics, and Pecina and Bojanic
have argued that organized sports were
ne more dangerous than free play (173
However, children rarely suffer overuse
injuries when they contral their own
activity {10, Overuse injuries, such as
stress  [ractures  and  patellofermoral
stress syndrome, have become rather
commonplace in children (17}, Studies
show that anywhere from 3086 1o 60%
of injuries to children are the result of
overuse (2,93261

DVERLSE IMLITES

The common canse of overuse injuries
is repetitive submaximal loading (27}
Overuse injuries ocour when an indi-
vidual undergoes repetitive stress (such
as in throwing, running, and swim-
ming} followed by insifficient pest.
The typical response to training is
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adapration. Muscles, tendons, and lig-
aments adapt to the repeated stress of
activity by getting stronger. But when
body tissues are presented with too
much stress, too little recovery time, or
both, the result is just the opposite. The
bodv's  ability o recover 5 over-
whelmed, Instead of a stronger body,
we get 2 weaker, injured one (17).

Overuse njuries are pervasive, ocour-
ring to tendons, bursa, cartilape, hone,
and especially the musculotendinous
compement (17} Stress frctures to the
tibia and bones of the foot are the re-
sult of cveruse. Tennis elbow, ostea-
chondroses, Little Leagne elbow, and
breaststroker’s knee are all overuse
injuries. Because overuse injuries sre
not acute injuries related to auma,
their diagnosis is difficulr, and they
require proper medical atention {10},

The causes ol overuse injury are
multilactorial. The predisposing factors
{Table 1) that lead to overuse injuries
are commonly deseribed as either
intrinsic {internal to the individual} or
extrinsic {external to the individual).
We often have less control over in
trinsic factors than extrinsic factors. For
example, an individual may appear to
have the improper anatomical align-
ment to perform a specilic sport or
activity, but coaches would be hard
pressed to deny participation based on
linee alignment,

CHILDREN AND OVERIUSE

The fact that children sre growing is
the key factor that separates voung
athletes from mature athletes, There
are constant changes in body weight,
height, and muscle mass. Growing

hones are more porous buf, huckily,
they tend to heal quickly {17). Growth
cartilage is one of the most important
differences between the growing and
the immature skeleton. Growth carti-
lage 18 present at the growth plate
(epiphysis) as well as at the muscu-
lotendinous  nsertion. Growth caro-
lage is particulady vulnerable to the
streas of repeated microtraumas, Little
League elbow (medial epicondvle of
humerus} and Litde League shoulder
(proximal shoulder) are both overuse
mjuries  to the epiphyseal growth
eartilagre (17}, Growth for all tissues is
not linear. For instance, the mascolo-
tendinous unit may develop faster than
the bane to which it is attached. Such
a condition makes the growth cartilage
at  this junction more susceptible.
Osgood-Schiatter disease (insertion of
quadriceps into the tibia) and Sever's
disease {insertion of Achilles tendon
into the heel} are 2 examples of overuse
injuries to the museulotendinous -
sertion. Clearly, children are at dsk of
specific overuse njuries related o
grawth.

PREVENTION OF OVERUSE
IHIURIES

Since the latter hall of the 20th century,
considerable progress has been made
o improve the quality of training (23,
Coaches, trainers, and athletes have
devised numernug, creative ways to
train. Schools and communities com-
pete to provide the best fitness and
athletic facilities. Periodized traming
has become popular, and the variety of
training equipment is superh. Summer
training camps abound, attracting pro-
spective  athletes  with  high-profile

Table 1

Fredisposing factors and overuse injuries

coaches and athletes. Access fo train-
ing facilities is at an all thne high, The
prevailing thought seems to be “more
is hetter.”

But more is not always better, as
human bodies can only withstand 50
much stress. Une of the basic problems
s that exercise leaders and coaches
often pay less attention to the other
side ol training, recovery (161 The
focus of prevention should be on those
factors that we can control. Forng-
nately, many overuse injuries can be
prevented. In fact, the American Col-
lege of Sports Medicine has suggested
that about 30% of overuse injuries in
children and adolescents can be pre-
vented (1} OF all the extrinsic factors,
improper training methods appear to
be the mast frequent cause of overyse
injuries {17). Prevention must start with
a carefis] look at coaching and waining
methods to bring about the desired
result without injury. A carelul exam-
ination of daily practices as well as an
assessment of organizing practice over
time is one place to start,

THE WARM-UP

Regardless of the sport, all workouts
and practices should be preceded by
a warm-up. In fact, warming up hefore
athletic competition or practice is
probably the most common infury
prevention technigue used in sport.
The classic study by Safran et al. {19)
in 1988 showed that muscles that were
warmed by prestimulation were more
resistant to muscle tears than muscles
that had not heen previomsly stirmulated,
Warming muscles by repeated comiras
tions helped prevent muscle tears.

Intrinsic factors
Anatomic malalignment
Prier injury
Poor conditioning

Growth

Menstreal dysfunction {irregular or ahsent mensas)
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Extrinsic factors

Improper training methods

Poor technigue

Improper surface for practice and competition

Excessive pressure from peers, coaches, and parents

Inappropriate equipment—footwaar being the most important



Increasing the temperature of muscles
has several phvsiological benelits
{Table 2), including improving the speed
of muscle contraction and relaxation.
Preliminary exercise dilates capillary
heds and ncreases cardiac output (o).
Gieneral warm-up and refated warm-up
are the 2 most commen forms of pre-
event activity. General warm-up in-
cludes such activities as calisthenics
and jogping, whereas related warm-up
involves participating in the exact
playing. General warm-up often pre-
cludes related warm-up, but i is
important that athletes wse the exact
same muscles they will use while
practicing or playing. Related warm-
up is generally preferred over general
warm-up for this reason. Warm-up
should last & minimum of 10 minutes,
since it takes that long lor muscle
temperature to reach a steady state (6.
Start the warm-up slowly and pro-
gressively  increase the  intensity.
Warming up should not be ftiguing.
Remember that not evervone is in the
same state of ftness and warm-up
should be planned asccordingly. After
warm-up, there should be a brief
perind {3-3 minutes) recovery before
practice stares,

ORGARIZING PRACTICE TO

REDUCE OVERUSE INJURY WHILE
IPROVING PERFORMANTE

Practice is the key to improved sport
performance. In fact, practice is ususily
considered the single most important
tactor to learn sport skills (12}, Because
overuse mjuries are normally the resule

of high repetition activities, the first
stumbling block is how to organize
practice without excess repetition. Can
sport {motor) skills be taught without
excessive drilling? Providing sufficient
practice time, vet not so much that the
athlete acgures an overuse mjury, s
a daunting task. I recently visited a locl
tennis club, where a lormer top-rated
player was giving lessons to adoles-
cents. He set up hall machines and had
players hit 100 forehands foliowed by
100 backhands. He then had them hit
50 serves in a row. The pro walked
around providing leedhack and in-
struction. The players did improve
their performance but became quite
fationed and obviously bored. It wasn't
fun to watch and 'm sure it wasn't fun
to do. On the surface, one might think
that this was good instruction; brand
new ball machines, nice courts, and an
enthusiastic teacher seem like a gond
idea. But where's the fun, the motiva-
tion, the decision-making? Does any-
one ever hit 108 backhands in a row
while playing? Further, excess repeti-
tions are a recipe for overuse. Research
in motor learning suggests wavs that
learning is enhanced while Bmiting
endless repetition. In fact, teaching by
aonstop repetitions may be an inferior
leuming rechnigue.

Vary practice (o enhance learning
and reduce gveruse. Let’s take the
example of our young tennis plavers
who are working on backhands, fore-
hands, and vollevs. Now let's say that
as the teacher vou're going to devote

Table 2
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Muscles contract faster
Muscies refax faster

Economy of movement is improved

Metabalism is enhanced because of the increased temperature of muscle tissue

Muscle blood flow is increased

Provides a last minute practice session

Athietes prepared psychologically for performance
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A0 mintes to stroke worle How you
distribute this 30 minutes of time spent
performing the skill will affect learning
as well as joint stress. The literature in
maotor  learning  suggests that  this
distribution is a question of mass vs
distributed practice {22}, Massed prac-
tice means to mun the work periods
very closely together with hitile or no
rest, Distributed practice involves work
periods interspersed with short rest
intervals. Schmidt and Lee suggest that
distributed practice is better for per-
formance as well as learning. In fact,
they even suggesi that longer rest
periods are better than shorter ones
(22}, An important factor during prac-
tice is fatigue. Fatigue increases muscle
strain, reducing the ability of the
muscle to absorb energy {14}, Distrib-
uted practice {like interval training)
tends to reduce fatigue, allowing mus-
cle to absorh force and protect joints
more easilv. Distributing learning ac-
tivities by interspersing rest with worl
is gremt for leaming and injury
prevention.

A second question regarding practice is
the sequencing of drills. In our exam-
ple. the plavers hit all forehands,
followed by backhands, ete. This
practice technique is often labeled as
blacked practice. Hitting  numerous
backhands in 2 row is stressful whether
it's massed or distributed, especially i
the player s young and not biome-
chanically correct. Random practice i
just the opposite, mixing up forehands,
backhands, and volleys, Random prac-
tice 15 an example of contextual in-
terference, first presented in a study in
1979 {23). Schmidt and Lee (22) report
that the immediate aequisiion of
performance is better when practice
is presented in a blocked fashion, How-
ever, retention of the motor task is het-
ter with random practice. When asked
to repeat the task(s! at a later date,
subjects who practiced in 2 random
fashion were superior in performance.
The elassic report by Schinidt in 1975
suppotts varving practice to bring
about the desired result. Schema the-
ory sugyests that people develop
generalized motor programs. In fact,




Schmidt's “schema Theory” suggested
that people will learn more quickly if
they practice a task i a varety of
situations, like throwing a ball bt
different distances each time. More-
aver, practice that lacks variety is less
infamative to the learner (20} Walf
(28) has extensively studied schema
theory and concluded that varying
practice works well with children,

Further support of the varbation of
practice has come from “The Games
Approach.” Martens has  sugpested
that the overemphasis on technical
skills as well as excessive use of direct
instruction reduce decision muaking and
increase  boredorn. Martens recom-
mends this approach as an altemative
to tradmional teaching methods. The
ames approach involves more specific
training, that is, practice is more game
like, Martens asks the question if
having ¢ baseball plaver hit 50 halls
ar a time prepares them for a game
when they only have 3 strikes. Martens
argues that the games approach is very
motivating and that practice may make
more sense when the athlete connects
practice with play (15).

Because the cause of overuse injuries is
excessive repettion without recovery,
it would appear that conventional
teaching methods, mvolving repeated
drills of the smme activity, is unwar-
ranted. A practice session that involves
variety allows more time for recovery,
less fatigue, and produces desirable
learning effects. Indeed, practice that
is fun and uses game-like activities may
also encourage continued participation.

MEASURE PROGRESSION TO
REDUCE DVERUSE INIURY
Coaches, teachers, and trainers should
be able to quantify any practice.
Chantifying workouts provides leaders
with a method of measuring progres-
sion. Track and swim coaches can

count distance. strength eoaches can
count repetitions and tonnage, and
tennis conches can count time on task.
Regardless of the sport or training
technique, quantifieation is possihle
and necessary.
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Gradual progressien. Gradual pro-
gression is one of the most important
principles in the prevention of overuse
mmjuries. The most frequent traming
error is a rapid change in volume and
intensity. Because the goal of training is
improved performance, a training pro-
eram that ereates injuries (that take
considerable time to heal) seems
poody planned. Interestingly, this is
often not the coach’s fault. One of our
coaches was recently surprised when
he found one of his soccer team
members running on the treadimill at
1RG0 pan. Normally, this would be
fine, bur the soccer preseason was in
fulf swing. The athlete was concerned
about her fitness and decided to do
some extra work. Athletes are often
highly motivated to get in shape and
tend to be impatient. This is when
coaches and trainers need to have
a firm hand, to know when to stop
or slow down.

One common suggestion is the 100
rule (9,1, For example, if a swimmer
is doing 3,008 yards 1 week, they
should do no more than 3300 vards
the next week. Although this is a con-
venient puideline, not evervone can
withstand a 10% increase and such
changes may need adjustment. How
mich yardage is enough? In one
thorough review of overuse injuries,
the authors suggest that “mileage
mania” is the cause of muany overuse
injuries, especially stress fractures (17).
Coaches must continuously monitor
their athletes for soreness, perfor-
mance, lethangy, and boredom. When
athletes are excessively sore and per-
forming badly, more exercise is often
not the answer.

Changing surfaces. Changing surfr-
ces is often problematic lor athletes.
Let's say a group of mnners has been
training on a long distance dint path
and move to an artificial track surface,
Although such a training strategy may
he recommended, a tvpical error is that
athletes are often asked to repeat the
same workowt performed on their

familiar surface. Anv change in surface
will place additional demands on the

musculoskeletal svstem. Running on
a heach might be fim but 4 bad idea il
athletes are required fo run their
normal distance. When changing sur-
faces, athletes need to reduce the
amount of work until they adapt.

Pertodized training. Periodized train-
ing 5 a powerful strategy o improve
performunce and reduce overuse injury.
Perodization recquires planning  with
specilie sensoml as well as annual goals.
Pepodization plans involve o gradual
progression in activity designed for the
athlete o peak for specific activities.
Moreover, perodization  involves
planned  rest, whether annoally  or
weeldy. FEasy workouts are planned to
follow hard workouts. After peald peri-
ods of training, the plan calls o athletes
to back ofl, possibly cross train, 10 pet
away [rom their primary sport or
activity. Planned rest allows for Ll
recovery and adaptation (4],

SPECIALIZATION

The role of early specialization remaing
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sedence. Unfortunately, the improbas
bility of reaching championship per-
lormunce does not seem to discourage
many children {and their parents) from
aspiring to be Olympic champions or
WBA plavers. Scores of children lose out
on the diversified development gained
by participating in a variety of sports,
The American Academy of Pediatrics
has stated that “Young athletes who
specialize in just one sport may be
denied the benefits of varied activity
while facing addidonal physical, phys-
tologic, and psychologic demands from
intense training and competition” {§).
Clearly, one question we need to ask is
whether the increased interest in
specialization and competition reduces
physical activity in later life. A com-
maon goal stated to support vouth sport
programs is the promotion of lilelong
physical activity. We now frequently
read shout overtraining, staleness, fa-
tigue, burnout, and overuse injuries.
There are a number of burnout theo-

ries, but the common theme iz over-
training {721,24). This overtraining



syndrome is ofien defined as a succes-
sion of psvchological and physiological
changes that result in reduced perfor-
mance (5% Burnout has been well
described in the Hrerature for adult
athletes. Sinply put, athletes wha boarn
out tend to qQuit, some never to return,
Far less is known about bumewr i
children, especially the eilects of sport
specialization. In a recent review,
Brenner sugeests thar bumout may
have a detrimental effect on life-
long physical activity (31 Does sport
specialization  for children  promote
lifelong activity? Because sport special-
ization is a rather recent phenomenon,
not enough data exist to answer this
question,

Leaders of children’s sports are often
well meaning, but occasionally ill in-
formed. Coaching practices are oiten
based on adult models, historical pre-
cedence, and aneedotes. Coaches and
leaders of children's sports need basic
knowledge of growth and develop-
ment, pedagogy, and exercise science.
Further, they need to apply this in-
formation to vouth sport,

RECOMMENDATIONS TDO REDUCE

OVERUSE INJURY

= When teaching sport skills, reduce
endless repetitions of the some task

® Teach motor skills in a distributed
manner, interspersing frequent rest
periads with worls periods.

# Use random practice, mixing up
activities so that the saome activity
is not repeated excessively.

o Use frequent games to vary practice
and enhance mativation.

e Keep workouts interesting and age-

appropriate,

Gradually increase progression of

the workload.

e Monitor athletes for fatigue, sore-
ness, and general apathy,

# Take care to reduce workload when
changing surfaces,

» Periodize training on a weekly and
seasonal basis.

* Take 1-2 dayvs of absolute rest each
week.

* Schedule breaks every 3-3 months
with 4 change in activity.

» Fncourage children to participate in
a variety of sports.s
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