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The Micheli Center for Sports Injury Prevention

The mission of the Micheli Center for Sports Injury Prevention is at the heart of the
Contemporary Pediatric and Adolescent Sports Medicine series.

The Micheli Center uses the most up-to-date medical and scientific information
to develop practical strategies that help young athletes reduce their risk of injury as
they prepare for a healthier future. The clinicians, scientists, activists, and technolo-
gists at the Micheli Center advance the field of sports medicine by revealing current
injury patterns and risk factors while developing new methods, techniques, and
technologies for preventing injuries.



vi The Micheli Center for Sports Injury Prevention

The Micheli Center had its official opening in April 2013 and is named after Lyle
J. Micheli, one of the world’s pioneers in pediatric and adolescent sports medicine.
Dr. Micheli is the series editor of Contemporary Pediatric and Adolescent Sports
Medicine.

Consistent with Dr. Micheli’s professional focus over the past 40 years, the Micheli
Center conducts world-class medical and scientific research focused on the preven-
tion of sports injuries and the effects of exercise on health and wellness. In addition,
the Micheli Center develops innovative methods of promoting exercise in children.
The Micheli Center opens its doors to anyone seeking a healthier lifestyle, including
those with medical conditions or illnesses that may have previously limited their
abilities. Fellow clinicians, researchers, and educators are invited to collaborate and
discover new ways to prevent, assess, and treat sports injuries.

Dr. Lyle J. Micheli, Series Editor

Dr. Lyle J. Micheli is the series editor of
Contemporary Pediatric and Adolescent Sports
Medicine. Dr. Micheli is regarded as one of the
pioneers of pediatric and adolescent sports medi-
cine, a field he has been working in since the early
1970s when he co-founded the USA’s first sports
medicine clinic for young athletes at Boston
Children’s Hospital.

Dr. Micheli is now director of the Division of
Sports Medicine at Boston Children’s Hospital,
and Clinical Professor of Orthopedic Surgery at
Harvard Medical School. He is a past president of
the American College of Sports Medicine and is
currently the Secretary General for the International Federation of Sports Medicine.
Dr. Micheli co-chaired the International Olympic Committee consensus on the
health and fitness of young people through physical activity and sport.

In addition to many other honors, Dr. Micheli has served as Chairperson of the
Massachusetts Governor’s Committee on Physical Fitness and Sports, on the Board
of Directors of the United States Rugby Football Foundation, as Chairman of the
USA Rugby Medical and Risk Management Committee, and on the advisory board
of the Bay State Games. He has been the Attending Physician for the Boston Ballet
since 1977 and is Medical Consultant to the Boston Ballet School.

Dr. Micheli received his undergraduate degree from Harvard College in 1962
and his medical degree from Harvard Medical School in 1966. As an undergraduate
student, Dr. Micheli was an avid athlete, competing in rugby, gridiron football, and
boxing. Since graduating, Dr. Micheli has played prop for various Rugby clubs
including the Boston Rugby Football Club, the Cleveland Blues Rugby Football
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Club, Washington Rugby Club, and Mystic Valley Rugby Club where he also served
as team coach.

Dr. Micheli has authored over 300 scientific articles and reviews related to sports
injuries, particularly in children. His present research activities focus on the preven-
tion of sports injuries in children. Dr. Micheli has edited and authored several major
books and textbooks.






Foreword

Since I co-founded the USA’s first sports medicine clinic for young athletes over 40
years ago, one of the most exciting and gratifying developments has been the emer-
gence of the female athlete. Of course, girls and women were engaged in sports long
before the Division of Sports Medicine at Boston Children’s Hospital opened in
1974, but their participation and prominence has grown dramatically since then—
by “leaps and bounds” one might say. Much of this was the welcome result of the
passage of Title IX in 1972, which prohibited discrimination in school sports.

At the same time as I was bearing witness in my professional life to increasing
numbers of girls and young women participating in athletics, I was also parenting
two daughters who themselves developed a passion for physical activity. My older
daughter developed a love of dance, and my younger daughter came to represent the
USA in the rough-and-tumble sport of rugby. All this is to say that I have been privi-
leged to enjoy a front row seat to seeing the benefits of sports and other athletic
endeavors for the female athlete.

The benefits of sports for women are becoming well known. And it’s not just the
important health benefits such as stronger hearts and lower rates of stroke, cancer,
and obesity. There are also important psychosocial benefits that researchers have
discovered. Girls and women who play sports have higher levels of confidence and
self-esteem and lower levels of depression. High school girls who play sports are
more likely to get better grades in school and more likely to graduate than girls who
do not play sports. High school girls who play sports are less likely to be involved
in risky lifestyle behavior because they have the confidence to resist peer pressure.
Perhaps it’s not surprising that women who played sports as girls are more success-
ful in business.

For all these reasons, we need to provide as many opportunities for girls and
young women to be as physically active as possible. If and when young female
athletes get injured, we need to diagnose and treat their injuries with the most effec-
tive means at our disposal. It’s also vitally important to prevent sports injuries,
which is the mission of the institution sponsoring this series, the Micheli Center for
Sports Injury Prevention. I’m so pleased that a very large proportion of the athletes
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X Foreword

we see at the Micheli Center are girls and young women who are taking proactive
steps to prevent injuries by understanding their risk factors and addressing them.
They are able to do so with the best methodology and technology available.

Information is an important tool, too, which is where this book comes in. This is
a wonderful resource for anyone interested in the sports health of the young female
athlete. The information in these pages is the very latest available and written by
leaders in the field.

I am very pleased to have The Young Female Athlete as a volume in the
Contemporary Pediatric Sports Medicine series. I hope you will utilize this excel-
lent resource as you join with me to strive to ensure that girls and young women get
to take full advantage of the many benefits available to them in the realm of sporting
and athletic endeavor.

Waltham, MA, USA Lyle J. Micheli, MD



Preface

We are pleased to present The Young Female Athlete. Our goal is to provide a com-
pilation of chapters to address some of the most important concerns of the pediatric,
adolescent, and young adult female athlete. Using a multidisciplinary approach, and
drawing on our years of experience caring for and learning from this population of
strong and motivated athletes, we have selected a range of salient topics including
normal growth and development, nutrition, sports psychology, and common injuries
relevant to the young sportswoman.

Through ongoing research, it is now clear that female athletes are at higher risk
of certain conditions and injuries, particularly during periods of rapid growth. We
hope to highlight some of the changes and challenges faced by the female athlete as
she moves from childhood through adolescence and into early adulthood. The focus
of the book is to provide useful information in order to encourage healthy and
enjoyable sports participation in the setting of overall fitness, psychological well-
being, personal development, injury prevention, and long-term health.

Authors were selected for their expertise in different areas of interest. They were
asked to describe what we currently know about the issues facing girls in sports and
to identify what practitioners in the sports medicine community need to know to
more effectively care for young female athletes in the future. In addition, authors
were asked to address issues of sports injury prevention and health promotion.

Sports participation by girls has historically been limited and fraught with obsta-
cles. Female athletes have been completely barred, actively discouraged, or simply
denied the support that would have allowed physical training and competition.
However, the tides have changed dramatically. With the expansion of women’s
rights, including major advances such as the passage of Title IX, opportunities for
girls and women have exploded and continue to grow and develop.

Part of the challenge now facing female athletes, and those who care for them, is
to take advantage of the many options available and to create new opportunities to

xi



Xii Preface

enjoy the numerous benefits of sports participation and physical activity. We hope
that this book will contribute to the care of the young female athlete and the ongoing
efforts to improve treatment, expand injury prevention, and encourage a lifetime of
enjoyable, healthy physical activity.

Boston, MA, USA Cynthia J. Stein, MD, MPH
Kathryn E. Ackerman, MD, MPH
Andrea Stracciolini, MD
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Chapter 1
Growth and the Young Female Athlete

Robert M. Malina, Kathryn E. Ackerman, and Alan D. Rogol

Introduction

The body goes through remarkable changes from birth through childhood and
adolescence into adulthood. Biological growth and maturation, along with behav-
ioral development, are important aspects “growing up.” These three processes,
growth, maturation, and development, dominate the daily lives of children and
adolescents for approximately the first two decades of life. This chapter will focus
predominantly on growth and maturation, and how timing and tempo of these may
affect sports involvement and injury risk in young female athletes.

R.M. Malina, PhD, FACSM

Department of Kinesiology and Health Education, University of Texas at Austin,
Austin, TX, USA
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Harvard Medical School, Boston, MA, USA
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Department of Pediatrics, University of Virginia, 685 Explorers Road,
Charlottesville, VA 2291, USA

e-mail: adrogol @comcast.net

© Springer International Publishing Switzerland 2016 1
C.J. Stein et al. (eds.), The Young Female Athlete, Contemporary Pediatric
and Adolescent Sports Medicine, DOI 10.1007/978-3-319-21632-4_1


mailto:rmalina@1skyconnect.net
mailto:kathryn.ackerman@childrens.harvard.edu
mailto:adrogol@comcast.net

2 R.M. Malina et al.

Definitions

Growth: the increase in the size of the body as a whole and of its parts. As children
grow, height and body mass increase. The latter includes changes in skeletal, muscle
and fat mass, as well as in bodily organs. Different segments of the body grow at
different rates and at different times, resulting in altered body proportions.

Maturation: the progress towards biological maturity. Maturation is a process, while
maturity is a state. Maturation occurs in all bodily organs and systems, but maturity
varies with each biological system considered. Sexual maturity is fully functional
reproductive capability. Skeletal maturity is a fully ossified adult skeleton.
Maturation of the nervous and endocrine systems is a major factor underlying sex-
ual, skeletal, and somatic growth and maturation.

Timing and tempo of growth and maturation: Timing refers to the chronological age
at which specific events or milestones in growth and maturation occur, while tempo
refers to the rate at which the processes of growth and maturation progress. Both
timing and tempo vary considerably among individuals.

Development: a psychological, emotional, and behavioral process often subsumed
in the term socialization, which is specific to a culture.

Indicators and Patterns of Growth

The study of growth and maturation is based on standardized measurements and
observations, which reflect underlying biological and neuroendocrine changes.
Time between birth and adulthood has been formally subdivided by Karlberg into
phases of normal growth: infancy, childhood, and puberty [1, 2]. During infancy
(birth to 6-12 months), growth is rapid but progresses at a decelerating rate. Growth
curves often cross percentile lines as the infant moves farther away from the excesses
or constraints of the intrauterine environment and toward her genetic potential. The
next phase is childhood, during which growth and development are primarily depen-
dent on adequate nutrition, an appropriate psychosocial environment, and the
absence of disease. In the context of these environmental factors, one must have
sufficient levels of thyroid hormone and insulin-like growth factor 1 (IGF-1), the
stable pharmacodynamic marker of growth hormone (GH), to grow normally.
Growth rate continues to decelerate until around age 3 years, and then continues at
a relatively constant velocity of 4.5-7.0 cm/year and 2.5 kg/year for girls and boys.
Growth rate often slows slightly just prior to adolescence [1, 2].

The hypothalamic—pituitary—gonadal (HPG) axis is virtually quiescent until late
childhood, when activation from the secretion of estrogen from the ovaries in girls
(testosterone from the testes in boys) occurs, well before the outward signs of puber-
tal development become apparent. The pubertal phase is characterized by a growth
spurt of 8—14 cm/year because of the synergistic effects of increasing gonadal
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steroids and GH secretion [1, 2]. The upper limit of middle childhood is arbitrary
given variations in the onset of puberty; some girls as young as 9—10 years old are
already in the early stage of puberty/adolescence. The termination of adolescence is
also quite variable. Biologically, some girls are sexually mature by 12—-13 years of
age (i.e., they are biologically adult), even though socially and behaviorally, they
remain adolescents. Although chronological age is a commonly used reference point,
and children are often divided into age groups, there is great variability among indi-
viduals of the same chronological age, especially around the time of puberty [3].

Body Size and Composition

Height and weight are the body dimensions most commonly used to monitor growth
status and growth rate. Length is commonly used in place of height during the first
2-3 years of life.

Height

Height in most children is measured yearly, and growth charts represent “smoothed”
growth data. However, linear growth is actually episodic with stepwise jumps, as
noted by daily measurements over time in both newborns and adolescents [4].
Although less common in girls than in boys, some children show a minor growth
spurt between ages 6 and 8. By 9-10 years of age, the rate of height growth acceler-
ates in girls, marking the beginning of the adolescent spurt. From the onset of this
growth spurt, the rate of growth in height increases until it reaches its peak [peak
height velocity (PHV)], which generally occurs at about 12 years of age in girls [5]
and 14 years of age in boys [5].

Children continue to grow in height through adolescence, but after the growth
spurt, the rate of growth gradually decreases and eventually reaches zero as indi-
viduals attain their adult stature. The timing of each of these events—the growth
spurt, PHV, and termination of growth—is variable among individuals.

Weight

Weight, like height, increases throughout childhood, but the rate of increase changes
during different phases of growth, decelerating from birth through the second year
of life, and then accelerating as the child ages. A growth spurt is also observed in
body weight, which generally begins slightly later than that of height. Average age
of peak weight velocity in girls is about half a year after PHV. Weight continues to
increase into the late teens and early 20s, and unlike height, can continue beyond
skeletal maturity [5].
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Body Composition

Body weight is a composite of all bodily tissues, but it is often described in terms of
its lean (fat-free) and fat components. Thus, body weight=fat-free mass (FFM) + fat
mass (FM). Major components of FEM are skeletal muscle and bone mineral. FFM
has a growth pattern similar to that of height and weight and demonstrates a clear
adolescent spurt. FM increases more gradually during childhood and adolescence.
Most other body dimensions (sitting height, leg length, limb circumferences, skeletal
breadths) and many major organs follow growth patterns similar to height and
weight, although growth rates and the timing of adolescent spurts vary relative to
age at PHV [5]. Differential growth rates in specific dimensions influence body
proportions and regional distribution of body fat [5, 6].

Body composition changes throughout life, but striking transformations are evi-
dent at puberty, resulting from sex-dependent changes in hormones and cytokines,
including increases in GH, IGF-1, and reproductive hormone concentrations. GH
secretion increases by a similar magnitude in both boys and girls during puberty, but
IGF-1 levels are consistently higher in girls, in pre-pubertal and pubertal phases [7,
8]. While reproductive hormones act directly on growth plates of bones, indepen-
dent of GH, a majority of the sex-related differences in growth and body composi-
tion are likely mediated by the effects of reproductive hormones on the GH-IGF-1
axis [8, 9]. For example, in boys, the interactions of testosterone, GH, and IGF-1
together enhance the increase in muscle and loss of fat, leading to the more muscu-
lar configuration of the young adult male. In contrast, in pubertal girls, the increase
in estrogen attenuates GH secretion and IGF-1, leading to a slowing in the accrual
of muscle and an enhancement of fat gain, especially in the gynoid distribution [8].

Bone mineral density (BMD) increases steadily from childhood to adolescence,
with a decrease in bone mass relative to bone size before PHV. Peak velocity of
bone mineral content occurs about 6 months later than PHV. A majority of bone
mass and size are acquired by late adolescence, followed by small increases there-
after [10]. See Chapter 5 for additional details.

Physical Performance

Physical performance is generally measured with standard tests of strength, speed,
power, agility, endurance and flexibility, and in the context of sport, with sport-
specific skills tests. Sex differences in performances are relatively small during
childhood, but are magnified during adolescence as performances of girls typically
reach a plateau or improve only slightly. Isometric (static) strength, for example,
generally increases in a linear fashion through childhood for both boys and girls.
Around age 13, males experience an adolescent spurt and an increase in the rate of
strength development, while females continue to experience a linear increase until
around age 15. Nevertheless, limited longitudinal data for girls indicate a growth
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spurt in static strength that is about one-half the magnitude of that noted for boys.
The spurt generally occurs after PHV [3].

Performance on flexibility tasks tends to decline from childhood through mid-
adolescence and then increases. Flexibility in girls usually remains stable or decreases
slightly during childhood, increases during adolescence, and plateaus at 14—15 years
of age [3, 5, 11, 12]. In general, flexibility tends to be greater in girls than boys.

An adolescent spurt occurs in absolute aerobic power, VO,max or peak VO,, in
both boys and girls. Peak VO, generally increases in boys from childhood through
adolescence, but reaches a plateau in girls by 13—14 years. VO,max starts to increase
several years before PHV and continues to increase after. However, due to changes
in height and mass, VO,max per unit body mass actually begins to decline 1 year
before PHV and continues after [3].

Indicators and Measurements of Maturation

Maturity Status

Maturity status and progress are traditionally monitored in the skeleton and secondary
sex characteristics. Radiographs of the hand and wrist can be used to estimate skeletal
maturity using the standards of Greulich and Pyle [13]. This assessment of skeletal
maturation, along with current height, can be used to predict adult or mature height.
Sexual maturation is based on the development of secondary sex characteristics; in
girls, breast bud development (thelarche) is typically the first physically apparent sign
of sexual maturation, followed by the appearance of pubic hair (pubarche).

Tanner described five stages of maturation [14]. Stage 1 (pre-pubertal) indicates
lack of overt manifestation of the development of breasts and pubic hair; however,
pre-pubertal children of the same chronological age can vary in skeletal age by 4 years
or more [5]. Stage 2 marks the onset of puberty, typically starting around a bone age
of 11 years in girls, while advancement in breast development and pubic hair distribu-
tion in stages 3 and 4 mark progress in puberty. Stage 5 is the mature state [15]. It is
important to note that stages have limitations; they provide no information on when
the stage was reached (timing) or how long the child has been in the stage (tempo).

Maturity Timing

Ages at PHV and the beginning of menstrual periods (menarche) are indicators of
maturity timing. Menarche typically occurs after PHV and on average, 2.6 years
after the onset of puberty [16]. The average age of menarche in the United States
has declined over the last century, and is now around 12.3 years of age [17]. There
are various influences on timing of puberty, including nutrition, race, ethnicity,
geography, and other factors.
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Measurement of Maturation

Measuring maturation can be challenging. Established indicators used in growth
studies and in clinics have limitations: skeletal age determination with X-rays
exposes children to low-dose radiation and is dependent on experienced individuals
to interpret the films; directly observing secondary sex characteristics is invasive of
personal privacy; age at PHV is an “after-the-fact” indicator; and surveys question-
ing age at menarche, breast bud development, and pubic hair growth are affected by
recall accuracy. Other non-invasive estimates using percentage of predicted adult
stature at the time of observation and predicted maturity offset (time before PHV)
have also been suggested to estimate maturity status and timing, respectively, in
youth athletes [18, 19]. However, these too have limitations.

Growth in the Athlete

It is obvious when observing athletes in a variety of sports that different physical
factors offer competitive advantages. In some cases, such as taller average height in
basketball players, these differences are clearly the result of selection, due to the
fact that certain athletes enter or succeed in the sport while others either do not par-
ticipate or do not progress. However, in other cases, like shorter average height in
gymnasts, it has been more difficult to tease out the impact of selection and training.
Even when patterns are recognized, causality may be difficult to establish, espe-
cially if data are cross-sectional rather than prospective. Despite these limitations,
current research indicates that sports training and participation do not appear to
affect adult stature or overall rate of growth [3, 20, 21]. In addition, sports training
alone does not likely affect skeletal or sexual maturation [3].

Growth data for young female athletes are limited largely to height and weight
[21-24]. Although there is variation among sports, female athletes in most sports tend
to have heights similar to or greater than the median of U.S. reference data from child-
hood through adolescence, and weights that are appropriate for their height [3]. Notable
exceptions include artistic gymnasts and figure skaters, who are generally shorter than
their peers [21, 25]. Young female athletes also tend to be leaner, with lower weight-
for-height, compared to non-athletes [3]. Ballet dancers and distance runners tend to
have lower weight-for-height, while participants in field events and higher weight cat-
egories in weightlifting often have excess weight-for-height [3, 26].

The available height and weight data for young female athletes span decades.
There is a need to consider changes in sport rules, training, selection, and other fac-
tors when examining small subsets of athletes at different time points. For example,
between the 1960s and 1997, the minimum age for female artistic gymnastics to
compete internationally was increased from 13 to 16 years. While the average age
of participants has increased, heights and weights have changed little from 1987
through 2008 [21], suggesting preferential selection for shorter, leaner athletes. In a
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study of body size in elite junior rowers (ages 15—18 years) competing at the World
Championships in 1997 versus 2007, female rowers in 2007 were on average 2.1 cm
taller [27]. This may simply reflect recruitment of taller athletes to a sport in which
height is a competitive advantage.

The BMI is currently the most commonly used index of weight-for-height.
Although a great deal of focus is on overweight and obesity in the non-athlete
population, low BMI often gets more attention among female athletes. Three grades
of low weight-for-height (labeled mild, moderate, and severe thinness) among chil-
dren and adolescents have been described. The term thinness was selected to avoid
confusion with other labels commonly used to define low weight-for-height (e.g.,
wasting and underweight) in children. Three standard growth curves have been
designed to pass through a BMI of 16, 17, and 18.5 at age 18. These points are,
respectively, the cut-offs used to define severe, moderate, and mild thinness in
adults. Thus the specific BMI cut-off at each age prior to 18 years depends on the
standard curves for each grade of thinness [28]. In a sample of over 1000 female
artistic gymnasts, figure skaters, divers, distance runners and ballet dancers span-
ning childhood through young adulthood, mild thinness was reasonably common
among female athletes, but prevalence varied by sport and level of competition [29].

On average, female gymnasts are of lower weight than a reference population;
however, their weight is appropriate for their diminished height. Some gymnasts are
indeed at low weight-for-height. In an evaluation of ages, heights, and weights as
reported in the official program of 60 participants 15-20 years of age at the 2008
Beijing Olympic Games, 23 (38 %) were classified as mildly thin and 6 (10 %) were
classified as moderately thin; none were severely thin [29]. Allowing for the limited
data, some female artistic gymnasts may be at risk for mild or moderate thinness,
but the risk is related in part to later maturation. Later maturing girls, on average,
tend to have less weight-for-height [5].

Maturation in the Young Female Athlete

There is great interest in understanding how the stages of growth and maturation can
be best utilized in sport development programs. However, the available data are
extremely limited, and additional studies are needed. The popular Long Term Athlete
Development model, a concept of planned, systematic, and progressive training of an
athlete from childhood onward, calls for the determination of the time of PHV as a
potentially sensitive period for training [30]. As noted earlier, the anthropometric
protocol for predicting maturity offset and age at PHV has major limitations.

For male athletes in most sports, there appears to be a competitive advantage to
being advanced or at least average in maturity status [3, 31]. For female athletes, the
picture is less clear and varies by sport. Girls involved in sports such as basketball,
volleyball, rowing, swimming and track, except for some distance runners, gener-
ally have a pattern of average growth and maturity [32, 33]. Female athletes typi-
cally reach menarche within the normal age range seen in the general population.
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However, within this range, gymnasts, ballet dancers, and figure skaters tend to start
menstruating later than other athletes and non-athletes [3].

Both male and female gymnasts have been noted to have later ages at PHV, and
female gymnasts have been noted to have later maturation in terms of breast and
pubic hair development, compared to age-matched controls [3, 34]. In our recent
review of the literature, we found that despite the fact that gymnasts are generally
shorter than their peers, as well as later and slower in growth, gymnastics training
does not appear to affect adult stature [21] nor does such training impact growth
rate, timing, or tempo. Data in male gymnasts suggest that observed shorter stature
is a result of selection rather than training [20].

Girls who trained in rowing, track, or swimming for approximately 12 h per
week for an average of 4 years during puberty and the growth spurt were found to
have a slightly later PHV and age of menarche than girls inactive in sport, but the
differences were not significant. The interval between PHV and menarche, PHV
(cm/year), ages at attaining pubic hair and Tanner breast stages 3, 4 and 5, as well
as estimated intervals between adjacent stages were also not different in the athletes
versus non-athletes [24]. Studies in gymnasts and ballet dancers have found a 2- to
3-year delay in menarche, as well as oligomenorrhea and secondary amenorrhea,
likely secondary to undernutrition disturbing neuroendocrine function [35, 36].
Thus, there is a need for more well-designed studies, accounting for energy avail-
ability, using validated non-invasive indicators of maturity status and timing, to
better determine the effects of sport involvement alone on maturity. It is also essen-
tial to account for the selectivity of sport, specifically differential persistence and
dropout, either voluntary or systematic, as in getting “cut” from the team. Data for
artistic gymnasts indicate size and maturity differences between those who persist
and do not persist in the sport [21].

Body Composition in the Young Athlete

Methods for assessing body composition of athletes in general [37] and of youth
athletes [38] are diverse and include densitometry, whole body potassium counting
(TBK), total body water (isotope dilution, hydrometry), dual energy X-ray absorp-
tiometry, bioelectrical impedance analysis, magnetic resonance imaging, and skinfold
thickness, among others [26, 39].

Allowing for variation associated with sampling and methodology, several trends
are apparent in the relative fatness of youth female athletes in several sports. Young
female athletes tend to have a lower %Fat than non-athletes of the same chronologi-
cal age, and overlap among samples of athletes in different sports is considerable.
Most estimates based on skinfolds are below the reference range, but a number are
at and/or above the reference range compared to estimates based on densitometry
and hydrometry. Elevated %Fat is more common in athletic field events (specifi-
cally throwers) and several samples of team sport athletes [38, 39].
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Training Effects on Body Composition

Studies of the influence of athletic training on body composition have traditionally
focused on changes in FFM and FM [40], while more recent studies have focused
on bone mineral content (BMC), BMD, and bone microarchitecture [41, 42]. Studies
of youth are confounded by difficulties in isolating those changes associated with
normal growth and maturation, especially the adolescent spurt and sexual matura-
tion, from those attributed to training [43].

There is a need to study changes in the body composition of youth athletes dur-
ing the course of a competitive season to better understand the potential impact of
these changes on performance; however, few data are available. Studies of changes
in FFM and/or %Fat in late adolescence and young adulthood provide some insights.
The studies generally compare pre- and post-training means, while duration, inten-
sity, and frequency of training are often variable. One review examined studies of
female athletes between 18 and 22 years of age and found that the differences
between pre- and post-training means ranged from —1.7 to +1.5 kg for FFM (overall
mean +0.3 kg), and from —2.1 to +3.1 % for %Fat (overall mean —0.4 %) [44].
These observed changes are relatively small and may fall within the range of mea-
surement variability. Moreover, it is not clear if these changes associated with train-
ing persist, because this information is not typically reported.

Currently, there is considerable interest in the influence of regular sport training
on bone health in young athletes. BMD typically doubles between the onset of
puberty and young adulthood [45]. While genetic factors greatly affect bone mass,
other factors such as nutrition, types of exercise, diseases, medicines, age of men-
arche, and menstrual regularity also significantly influence bone accrual [46].
Beneficial effects of weight-bearing sports training have been observed in cortical
thickness, BMC, and BMD [47-49]. Potential confounding factors are selection for
sport and limited control of biological maturity status. For example, athletes and
controls are often described as pre-pubertal, although skeletal age can vary by as
much as 4 years in pre-pubertal children [5]. BMC and BMD are, on average,
greater in weight-bearing female athletes compared to the general population of
female youth [48]. Limited longitudinal data indicate training-associated increases
in BMC and/or BMD in youth athletes. The long-term effect of sport training on
bone is especially apparent in the dominant versus non-dominant arms of racquet
sport athletes, highlighting localized increases in bone mineral accretion [50, 51].
Effects of decreased energy availability, as seen in weight-restricted athletes and
those with eating disorders, can negate the beneficial effect of weight-bearing [42,
52] (see Chapter 5). It is also interesting to note that nonimpact sports such as swim-
ming, water polo, and cycling during youth and young adulthood are not associated
with enhanced BMC or BMD, and swimming may even negatively influence hip
bone geometry [53].
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Effects of Puberty on Sports Training and Performance

It is not yet well understood how the various changes associated with growth, matu-
ration, and development affect athletic performance, but it is clear that puberty is
accompanied by many challenges for the young female athlete, including changes
in body size and composition, increased rates of injury, and emotional changes sur-
rounding puberty. These changes, compiled with societal pressures, may contribute to
the higher drop-out rate from athletics seen in girls during middle school and high
school [54, 55]. During puberty, girls may find it difficult to adapt to their changing
bodies and the alterations in their athletic abilities. They may become frustrated by
the normal fat gain, breast development, hip widening, and height increases, and
they may see at least a temporary decline in performance. These adjustments may be
particularly evident for those aesthetic sports such as dance, figure skating, gymnas-
tics, and diving, and can derail a young athlete’s confidence [56].

As discussed earlier, performance on various standardized tests typically
improves throughout adolescence in boys. However, in girls, performance gener-
ally improves until about ages 13—14 years (slightly later in some motor tasks),
with little subsequent improvement. Whereas males typically experience an
increase in the rate of strength development starting around age 13, females gener-
ally demonstrate only a linear increase until around the age of 15. Nevertheless,
some girls and particularly athletes often continue to improve in performance
through adolescence. This improvement is due to regular activity and probably
sport-specific training. Historically, research focused on the performance of adoles-
cent female athletes has not received the attention given to male athletes, though
the situation is changing [57, 58].

In addition to the physiologic and emotional challenges that affect young athletes
during adolescence, injuries also increase during this time. One study of peripubertal
gymnasts demonstrated increased injury rates during periods of rapid growth [59].
Anterior cruciate ligament (ACL) injury rates increase dramatically around ages
12-13 in girls, and female athletes 15-20 years of age account for the largest num-
ber of ACL injuries reported [60, 61]. More common in females than males, the
difference in ACL injury rates becomes apparent around the time of the growth
spurt, peaks during adolescence, and declines in young adulthood [61-63]. This
discrepancy is likely multifactorial: during PHYV, rapid lengthening of the tibia and
femur leads to greater torque at the knee, increasing height results in a higher center
of gravity, which requires more challenging muscular control, and increases in
weight cause more joint force that is difficult to control during high velocity
movements [61, 62]. Unlike boys, whose pubertal increase in testosterone aids in
accumulating muscle mass, pubertal girls have difficulty building muscle, making
joint control even more difficult [62]. See Chapter 9 for additional information on
ACL injuries.

Around PHYV, adolescents are more prone to injury because of imbalances of
strength and flexibility and changes in biochemical properties of bone [64]. There is
a dissociation during puberty between peak BMC and bone mineral area; bones
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increase in size more rapidly than they fill in with mineral. BMD decreases before
and rebounds after the period of PHV. Thus there is a time of relative skeletal weak-
ness during adolescent growth, with a temporary increase in fracture rate [10]. Also
of concern are growth plate injuries. Tendons and ligaments of the growing athlete
are relatively stronger than the epiphyseal growth plate. Thus, during sports trauma,
such as an ankle inversion, the epiphysis is more likely to be damaged than the liga-
mentous complex (e.g. fibular growth plate injury rather than a ligamentous tear).

Summary and Conclusions

The human body goes through remarkable transformations throughout the life
stages. As young athletes grow and develop, they must also adapt. For sports and
medical professionals, awareness of general patterns of growth and maturation
allows for improved recognition of the advantages, risks, and challenges that accom-
pany these changes. We can then better support the young athlete as she matures.
With girls and young women increasingly involved in intense sports training and
participation, additional prospective studies are needed to enhance our understand-
ing of normal variations in growth and maturation and the ways in which they influ-
ence and are impacted by sports training and performance.
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Chapter 2
Sports Nutrition for the Young Female Athlete

Jan P. Hangen and Katrina Schroeder

The 1970s was an important era for the growth of sports opportunities for women.
It was also during this period that there was an increase in the number of laborato-
ries focusing on both exercise physiology and sports nutrition. Initially, studies
focused mainly on endurance sports and the nutritional status of male participants.
Results showed that what an athlete consumed before, during, and after exercise
could help to improve performance [1]. The importance of studying both male and
female athletes is better recognized today because there are significant differences.
For example, food portions, nutrient requirements, and metabolic rates often differ
between females and males.

Optimal nutrition enhances athletic training, performance, and recovery, and it
also decreases fatigue and injury risk [2]. When addressing nutritional needs of
young female athletes, many factors need to be considered. Adolescence is a time
of great change in a young woman’s body. Females gain an average of 39 pounds
and can grow 2-10 inches in height during puberty [3]. Exercise is important during
this time in order to help bone mineral accrual and strength, but there can be nega-
tive effects on bones if nutritional needs are not met. Overall caloric intake is criti-
cal, and there are also specific calcium, vitamin D, and iron requirements for
adolescent girls [3]. In addition, caloric and nutrient needs change with training
cycles and sports seasons. For example, if an athlete is involved in an endurance
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sport in the fall, she may need to increase her caloric intake. If she is doing more
sprint work in the spring, she may need to adjust the number of calories she con-
sumes and focus more on adequate carbohydrate intake.

Periodic anthropometric and dietary assessment by a professional is important as
the young athlete grows and matures. Throughout her life cycle, an athlete should
strive to maintain a diet to support the short-term goals of her training and perfor-
mance, as well as the mid- and long-term goals of optimal growth, development,
and health. The purpose of this chapter is to offer guidance on dietary assessment,
as well as nutrition and hydration recommendations for young female athletes.

Definitions

Macronutrients: Carbohydrate, protein, and fat are the three macro (large) nutrients
that the body needs from food in order to function.

Micronutrients: Vitamins and minerals are the micro (small) nutrients that the body
relies on for multiple functions. Examples of micronutrients include vitamins, like
folate and beta-carotene, and minerals, such as calcium and iron.

Electrolytes: Minerals that athletes need in order to remain hydrated, especially
when sweating. Electrolytes include calcium, potassium, sodium, chlorine, phos-
phate, and magnesium. These can be found in food as well as specially formulated
sports drinks.

Glycemic Index (GI): GI is a relative number that describes the potential of a food
to raise blood glucose and subsequently insulin. Foods are compared to white bread
or pure glucose to obtain a number called the GI [4]. In general, a food with a high
GI has a greater potential to raise blood glucose and be rapidly absorbed, whereas
one with a lower GI has a slower rate of digestion and absorption [4, 5].

Epidemiology

The “standard American diet” is often referred to by the fitting abbreviation of
SAD. This tends to refer to a diet that is high in simple carbohydrates and saturated
fat and low in fruits and vegetables. Teenage gitls as a whole are not getting enough
fruits and vegetables, with one study showing that only 10 % of girls reached the
recommended amounts [6]. In addition, teenage girls tend to be lacking in key nutri-
ents necessary for growth and development, such as calcium, magnesium, potas-
sium, and vitamins D and E, while their diet is higher than other populations in solid
fats and added sugars [6]. The prevalence of overweight and obesity reflects these
dietary trends, with 15 % of girls ages 2—19 considered obese [7].
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Assessment

A complete nutrition assessment of an athlete should include a survey of all
available nutritional, medical, biochemical, clinical, and psychosocial data. Dietary
assessment analyzes the diet for total calories and content of macronutrients and
micronutrients [8, 9]. It is important that the diet recall reflects the athlete’s typical
intake, with both weekday and weekend intake represented. Under-reporting of
energy intake is widespread among some athletes, and over-reporting may be com-
mon among those with restrictive eating disorders [10]. Thus, both possibilities
should be addressed when interpreting the assessment. Other issues that should be
assessed are knowledge and adequacy of portion sizes, frequency of snacking, fluid
intake, use of vitamin, mineral and alternative nutrition supplements, weight-control
practices, and seasonality of sport activities and food consumption [8, 9].
A comprehensive assessment can help identify the athlete’s individual needs.
See below for a list of suggested questions to ask during an assessment.

The following questions can help when formulating individualized and sports-specific recommen-
dations for the young female athlete:
* Does the athlete desire to reduce body weight to enhance performance?

 Is the athlete at risk for disordered eating, menstrual disturbances, and/or low bone mineral
density related to overemphasis on low body weight and inadequate nutrition [11]?

* Is the athlete at risk for low iron status related to a diet low in iron bioavailability (often seen
in vegetarian diets) [12]?

* Has energy restriction affected the athlete’s growth [11]?

* Does the athlete have optimal food and fluid intake during both short and long training
sessions, as well as for optimal recovery after and between training sessions [9]?

* Does the athlete use ergogenic aids or performance-enhancing supplements [13]?

* Does the athlete ingest adequate protein to preserve and/or increase lean body mass during
resistance training and to repair muscle in recovery [11]?

Once the diet assessment has been completed, the data need to be compared to nutri-
ent standards in order to offer recommendations to enhance the athlete’s nutrition
status [9].

Energy Intake

The young female athlete needs a healthy mix of carbohydrate, protein, and fat to
ensure proper energy levels. Female athletes have the same basic nutritional needs
as non-athletes with some differences, namely increased calories. The total number
of calories for athletes also varies depending on the sport [5]. When counseling an
athlete about how to design a diet with optimal total calories, the current diet should
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be analyzed and then compared with a recent weight history, the athlete’s sport and
training regimen, as well as the frequency and intensity of exercise [5, 9].

Balancing energy intake and expenditure is critical for preventing an energy
deficit or excess. Energy deficits can cause short stature, delayed puberty, menstrual
dysfunction, loss of muscle mass, and increased susceptibility to fatigue, injury or
illness [14]. Energy excess can result in overweight and obesity [2, 14].

Before puberty, caloric needs are similar for boys and girls. For adolescents how-
ever, the energy requirements are more variable, depending on age, growth rate,
stage of physical maturity, and level of activity [2]. Additional calories are needed
during growth spurts, and, on average, during periods of rapid growth, adolescents
should consume 500 kcal/day over their normal intake [2]. Consultation with a reg-
istered dietitian can help to determine caloric needs, not only for proper growth, but
for athletic performance as well.

The percentages of macronutrients may differ depending on the stage of develop-
ment of the athlete, as well as whether the athlete is growing optimally or in need of
catch-up growth. The plan should also address needs for training, competition, pre-
event, and/or post-event recovery nutrition [5]. In general, teenage girls need the same
amount or less macro- and micro-nutrients than their male counterparts with one
exception: iron. Female athletes require more iron, and most do not get enough [3].

Carbohydrate

The general guidelines for athletes recommend 50-65 % of calories from carbohy-
drate, with endurance athletes needing as much as 70 % of total calories from car-
bohydrate [5]. Female athletes, compared to male athletes, are less likely to consume
the recommended amount of carbohydrates. This is often due to a desire to limit
total caloric intake in order to reduce body weight and/or body fat [15].

The typical daily diet in the US provides approximately 4-5 g of carbohydrate
per kilogram of body weight daily. Carbohydrate recommendations for athletes
range from 6 to 10 g/kg/day, with an average intake of 5-7 g/kg/day for general
training, increased to a total of 7-10 g/kg/day for those athletes training for endur-
ance events. Each athlete’s carbohydrate prescription is best determined individu-
ally, based on body weight, sports-specific considerations, energy balance, and
adequacy of macronutrients and micronutrients [5].

Carbohydrates should be consumed before, during, and after exercise. Prior to
exercise, carbohydrates provide energy to maintain daily activities of living, as well
as a pool of calories to spare, or make protein available for muscle growth and
repair [5]. Athletes should consume 1-4 g of carbohydrate per kilogram of body
weight 1-4 h prior to exercise; no more than 1 g/kg is optimal in the last hour before
exercise to help avoid the risk of gastrointestinal distress during activity [5]. High-
intensity athletes may require 5—8 g/kg. Recommendations are higher for endurance
athletes, who need an average of 7-10 g/kg [5] (Table 2.1).
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Table 2.1 Basic sports nutrition carbohydrate prescription summary

* Before exercise: 1-4 g of carbohydrate per kilogram ingested 1—4 h prior to exercise
* During exercise: 30-60 g of carbohydrate consumed every hour

* After exercise: 1-1.5 g per kilogram of body weight within 30 min after exercise with
continued intake of carbohydrate over several hours for a total of 1 g per kilogram of body
weight per hour [5]

It is best to avoid pre-exercise meals that are high in protein, as they may take
longer to digest and absorb. The protein content of the pre-exercise meal should be
approximately 10-15 % [5, 16]. In addition, only about 15-20 % of the calories in
the pre-exercise meal should come from fat [5], as fat tends to leave the stomach
slowly, thereby delaying the absorption of carbohydrates. Examples of a favorable
pre-exercise meal would be whole-wheat toast with peanut butter (or other nut but-
ter), or oatmeal with fruit and milk (Table 2.2).

During exercise, carbohydrates serve to maintain blood glucose stores at higher
levels, thus increasing the use of blood glucose when muscle glycogen stores may be
lower. Carbohydrates during exercise are especially important for endurance sports
such as running, but also with sports such as tennis, basketball, soccer, and cycling
that require repeated periods of high-intensity, short-duration efforts [16]. During
exercise, it is recommended that athletes consume 30-60 g of carbohydrate per hour.
This translates to 120-240 kcal of carbohydrate per hour. The carbohydrate can be
obtained from either solid or liquid foods, depending on the athlete’s preference [5].

Athletes with more intense training regimens, or higher body weights may not be
able to consume enough solid food per day to meet daily caloric and carbohydrate
needs; therefore, a high calorie sports beverage may be helpful. Liquid supplements
with a high percentage of carbohydrate (18-24 %), as well as glucose polymers,
may be useful if an athlete has trouble meeting caloric needs with solid foods [9].
These supplements are not designed to replace food intake, but are for additional
calories, carbohydrate, and fluid during heavy training [9].

Energy bars are one of the most popular options for snacks during exercise. The
ideal bar is one that has at least 80 % carbohydrate and less than 10 % fat, to help
avoid the delayed absorption of carbohydrates [5]. Some protein is also helpful,
particularly for endurance athletes, as up to 10 % of the energy during exercise may
come from protein stores in the body.

Some athletes prefer to consume liquid supplements. Most sports beverages pro-
vide about 15-20 g of carbohydrate per 8—12 oz, thus at least 8 oz every half hour
should help maintain an adequate supply of carbohydrates. Both liquid and solid
carbohydrates will supply adequate energy during exercise. For comparison, sports
gels provide an average of 25 g of carbohydrate, one large banana provides 30 g,
and an average sports bar provides 66 g [5, 16].

After exercise, carbohydrates are particularly important in restoring muscle gly-
cogen stores to ensure optimal performance for consecutive exercise sessions.
Athletes who train hard over a period of days or several times in 1 day, as well as
those who are competing in events that last more than 1 day, need to ensure that they
have a recovery snack after each exercise session. Research shows that consuming
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Table 2.2 Sample meal plans for event fueling

The night before the event

* Baked potato with turkey chili, low-fat cheese, and broccoli with a side of fresh fruit

* Brown rice with stir-fried tofu, mixed vegetables, and pineapple

» Pasta with meat or vegetarian pasta sauce served with spinach salad and fresh fruit

» Tortilla filled with sautéed vegetables, meat or scrambled eggs, and salsa

» Salmon with rice pilaf, kale, and fruit salad

The morning of the event

2-3 h before: small to regular-size meal and liquids

* Cereal with sliced banana and slivered almonds in low-fat dairy or soy milk

* Homemade breakfast sandwich with two eggs, toast, and tomato with orange juice

* Oven-roasted breakfast potatoes, served with Canadian bacon, banana slices and low-fat
dairy or soy milk

* Oatmeal with mixed berries, served with low-fat dairy or soy milk

1-2 h before: small snack and liquids

* Granola bar

* Raisins or Banana

* 1/2 bagel with peanut or other nut butter

e Small turkey wrap

e Water or alternating water and sports drink

During the event

* Throughout: alternate drinking water and sports drinks (6—12 oz) every 15 min. Use bars and
gels as needed depending on the intensity of the event

* During breaks <2 h: snack on granola bars, pretzels, crackers, oatmeal cookies, trail mix, fig
bars, yogurt, and bananas

* During breaks >2 h: turkey, ham, or chicken sandwiches, peanut butter and jelly or banana
sandwiches, oranges, apples and/or grapes, cheese sticks, pudding cups and squeeze yogurts,
as well as the above options

After the event: consume recovery snacks with an approximate ratio of 4-5 g of carbohydrate to

1 g of protein

* Chocolate milk

» Egg sandwich and orange juice

* Baby carrots or pretzels with hummus

» Low-fat string cheese and a banana

* Peanut butter sandwich and milk

* Burrito with brown rice, black beans, cheese, and veggies

carbohydrates within 15-30 min after exercise will provide optimal muscle glyco-
gen re-synthesis, whereas delaying the ingestion of carbohydrates by over an hour
may reduce muscle glycogen stores up to 50 % or more [16]. The amount of carbo-
hydrate recommended after exercise is 1.0-1.5 g per kilogram of body weight
within 30 min after exercise with continued intake of carbohydrate over several
hours for a total of 1.0 g per kilogram of body weight per hour [5, 16].

Common recovery foods include pasta, granola, oatmeal raisin cookies, fig bars,
potatoes, bananas, and chocolate milk (Tables 2.2 and 2.3). The optimal carbohydrate
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Table 2.3 Examples of low, medium, and high glycemic index foods
High glycemic index
* Glucose and sucrose
» Corn flakes, cheerios, rice krispies
* Waffles, pancakes, and bagels
*  White bread
» Baked potato
* Honey
* Banana
* Rice cakes
* English muffins
e Pop-Tarts
Medium glycemic index
¢ Raisins
* Sweet potato
* Pasta
¢ Peas
* Apple
* Orange juice
¢ Oatmeal
Low glycemic index
* Milk
* Yogurt
» Raw celery, peppers, and carrots
* Peanuts and tree nuts
* Beans
¢ 100 % bran cereals
* Bulgur and barley
* Ice cream
Adapted from the International Tables of Glycemic Index and Glycemic Load Values: 2008 [17]

to protein ratio for a recovery snack is 4:1 grams. Although no conclusive data have
been found that suggest that the addition of protein aids in restoring muscle glyco-
gen, it may enhance muscle repair [5].

Increasingly, athletes are using glycemic index (GI) to make food choices that
may enhance performance. Some propose that lower GI foods are best before exer-
cise to promote sustained and slower absorption of carbohydrates for longer lasting
energy. Moderate to high GI foods with faster carbohydrate absorption may be
recommended during and after exercise to ensure optimal muscle glycogen stores
and enhanced recovery [4, 5]. Recognizing the glycemic index (GI) of individual
foods can be beneficial (Table 2.3), as can using combinations of foods to either
slow or speed absorption of carbohydrates. Fat, fiber, and protein can all be used to
slow carbohydrate absorption. Athletes can experiment with combinations of foods
when determining the best pre- and/or post-exercise foods. For example, a pre-event
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snack of whole grain bread, packed with fiber, may be further slowed in absorption
with the addition of a nut butter to supply longer lasting energy. In determining
which foods are most beneficial for training and competition, athletes would be
wise not only to consider GI, but also to take into account the nutrient value, taste,
cost, preparation, and portability of the food [4, 5].

Protein

Protein is important in tissue building and repair, and can also be used as a fuel
source by the body. The Dietary Reference Intake for protein is 0.95 g per kilogram
for individuals 413 years of age, 0.85 g per kilogram for individuals 1418 years
of age, and 0.8 g per kilogram per day for individuals above 18 years of age. These
amounts do not take into account differences in physical activity levels. The
American College of Sports Medicine, the Academy of Nutrition and Dietetics, and
the Dietitians of Canada have all agreed that active individuals have higher protein
requirements; their joint position statement, “Nutrition and Athletic Performance,”
recommends that endurance athletes should consume 1.2—1.4 g of protein per kilo-
gram per day, and that strength or resistance-trained athletes may need to consume
up to 1.6-1.7 g per kilogram per day [18].

One of the reasons that athletes may require more protein than sedentary indi-
viduals is that protein may contribute 5—15 % of the fuel during exercise. Exercise
can cause muscle breakdown that increases the amount of protein needed. Endurance
athletes may need more protein as some lose a small amount of protein in the urine,
whereas protein is typically not lost this way in healthy individuals who engage in
little to no exercise [5]. Other athletes who may require more protein are those who
restrict food intake in order to achieve a desired weight, or those who practice some
forms of vegetarianism [5, 11]. Adolescent females who are still growing, espe-
cially those who have not had their pubertal growth spurt, may also require more
protein [5].

Protein requirements remain somewhat controversial among athletes. Many
falsely believe that they need more protein than they actually do, and some may
consider using protein supplements. These supplements are often marketed as ways
to gain extra muscle quickly. However, the primary way by which protein supple-
ments help an athlete gain muscle is through the provision of extra calories, thereby
sparing the dietary protein for growth and repair of muscle.

The average American diet generally provides ample protein [5, 12]. Excess
protein may be detrimental to optimal performance and may lead to complications
such as impaired kidney function [5]. A high protein diet may also indicate a higher
fat diet, which in some cases may increase the risk of certain diseases such as
cardiovascular disease [12]. In summary, adequate, but not excessive, protein
should be encouraged for all athletes.
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Fat

Dietary fat provides essential fatty acids the body cannot synthesize on its own,
facilitates the absorption of fat-soluble vitamins, and is an energy source when other
sources of energy, such as glucose, are depleted [12]. The amount of fat in an ath-
lete’s diet varies depending on the total number of calories consumed, the type of
sport, and the level of training. In general, female athletes should follow the same
guidelines as the general public with 20-35 % of total calories from fat, and satu-
rated fat making up less than 10 % of the total calories. This equates to about 1 g of
fat per kilogram of body weight [5, 12]. As with all macronutrients, dietary fat
should be individualized, taking into account an athlete’s growth stage, nutrition
needs, taste preference, physical activity level, energy expenditure, and sports-spe-
cific considerations [5].

Athletes in appearance sports, such as gymnastics, dance, and figure skating,
may have less than optimal fat intake, and even go well below the recommended
range [10, 12]. Very low-fat diets, those with less than 20 % of total calories from
fat, are not recommended. Unfortunately, some athletes trying to achieve lower
body weight or body fat may end up increasing their intake of carbohydrates and/or
protein and failing to consume an adequate amount of dietary fat. For some athletes,
especially those who are still growing, a low-fat diet may not provide sufficient
energy to meet both the needs of growth and activity. Furthermore, the consumption
of very low-fat diets may omit dairy products, meat, fish, poultry, and eggs, leading
to deficiencies of calcium, iron, and zinc, as well as causing limited absorption of
fat-soluble vitamins [10, 12].

Vitamins and Minerals

Vitamins and minerals are found in a variety of food sources and are necessary for
the proper functioning of all body tissues. They are essential for the release of
energy from macronutrients (carbohydrates, protein, and fat) by serving as enzymes
and cofactors for metabolism. They are called micronutrients because, despite their
importance in many of the body’s functions, they are only needed in small amounts
[5]. Some female athletes mistakenly think they need to take mega-doses of vita-
mins and minerals to achieve optimal performance [5, 16]. Athletes who consume
enough calories in a varied diet with whole foods, and who keep in mind increased
caloric needs as physical activity increases, will most likely have sufficient vitamins
and minerals for optimal performance.

Female athletes may require more of certain vitamins and/or minerals if they
have monotonous and/or restrictive diets, consume vegetarian diets, or have certain
medical conditions, such as food allergies or malabsorptive disorders, including
lactose intolerance, inflammatory bowel disease, or celiac disease [5, 12].
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Adequate iron intake is important for all female athletes. Iron deficiency anemia
is a concern for many female athletes, not just those with restrictive eating patterns
or vegetarians. Females in general, including athletes, are at higher risk of iron
deficiency anemia than their male counterparts [19]. Some young females may
require appropriate use of a multivitamin and mineral supplement with iron, or iron
supplementation alone [12]. If there is a question of iron deficiency, it is best to
consult with a physician or registered dietitian to determine whether supplementa-
tion is necessary.

Anemia

Anemia, lack of healthy red blood cells or hemoglobin, can cause fatigue
and other health problems. For athletes, it can negatively affect performance
and make it difficult to train. There are many different causes of anemia, and
iron deficiency anemia is the most common.

The young female athlete may be at risk of iron-deficiency anemia for
several reasons, including:
* Blood loss during menstruation.
e Gastrointestinal blood loss in distance runners [20].
e Loss of iron through sweat [21, 22].
* Destruction of blood cells due to repeated impact activities, referred to as
“foot strike hemolysis” [23, 24].

Young female athletes also need to make sure that they are getting enough cal-
cium and vitamin D. Calcium is necessary for bone health, and vitamin D helps the
body absorb it. Adequate calcium and vitamin D can help reduce the risk of stress
fractures from occurring at a young age and osteoporosis from occurring later in life
[12]. Girls younger than age 8 years need 1000 mg/day of calcium and girls ages
9-18 need 1300 mg/day [3]. This amount can be easily consumed through food and
beverages, such as milk, soymilk, dairy products, cabbage, kale, broccoli, fortified
orange juice, and fortified tofu. However, the body can only absorb up to 500 mg at
a time, so multiple servings of calcium-rich food daily are ideal.

Adequate vitamin D can be harder to obtain through the diet alone. Dietary
sources include fortified milk, fortified orange juice, fortified cereal, salmon, tuna,
and mushrooms, and many people get enough vitamin D from sunlight during the
summer. However, supplements are often needed during the winter months and in
those who consistently use sunscreen or remain indoors. Girls of any age should be
getting at least the recommended 600 IU/day of vitamin D [12]. In some individu-
als, this amount is inadequate to achieve the minimal recommended blood concen-
tration of 30-32 mg/ml of 25-OH vitamin D. Thus checking a blood level in the
winter months can help guide dosing.
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Many female athletes trying to improve performance seek dietary supplements
other than vitamins and/or minerals. These supplements may include protein pow-
ders, energy drinks or bars, sports drinks, and other substances claiming to enhance
athletic performance, aid in weight loss, or increase muscle. Ideally, supplements
should not be used as a substitute for an optimal diet of a variety of whole foods.
Health risks of supplements, not regulated by the Food and Drug Administration
(FDA), continue to be investigated with no concrete guidelines for safety or effi-
cacy. The best ergogenic aids are proper nutrition and hydration [5, 13].

Hydration

Proper hydration is essential to good sports nutrition. Young female athletes should
make a conscious effort to drink fluids throughout the day, as well as before, during,
and after exercise. Water functions to regulate body temperature, transport waste
products and nutrients, and assist with many biochemical reactions for energy pro-
duction [5]. As is the case with food, fluid needs also should be individualized. The
amount of fluid necessary depends on the individual’s age, size, level of physical
activity, and the environmental temperature. In general, most athletes need 1-2 cups
prior to exercise and 0.5—1 cup every 15-20 min during exercise [12].

Fluids may include plain water, juice, sports beverages, caffeinated and decaf-
feinated beverages, and soups. Many athletes prefer the taste of sports drinks to
water. However, a sports drink is generally not necessary unless exercise lasts
more than 60-90 min or occurs in hot weather. In these conditions, carbohydrates
and electrolytes in sports beverages may help to improve performance. Sports
drinks are best absorbed if they are consumed full strength instead of diluted.
They are formulated to empty from the stomach rapidly. Diluting these drinks
may not deliver glucose and electrolytes optimally. Drinking carbonated drinks or
juice during exercise is not recommended as they may cause cramping, bloating,
or diarrhea [5, 12].

A simple way for an athlete to gauge fluid need is to weigh herself before and
after a workout. A minimal weight loss usually means that there is adequate fluid
intake and replacement. A weight loss of more than 2 pounds suggests inadequate
fluid intake and possibly dehydration. For every pound of body weight lost during
exercise, 16-20 oz of fluid should be consumed to appropriately replace lost fluids.
Gaining weight during exercise may be a sign of excessive drinking, or over-
hydration, and should be avoided [5, 12].

Symptoms of dehydration may include cramping, dizziness and, in severe cases,
heat stroke [5, 18]. An athlete should drink often during exercise and monitor her
hydration status by checking her urine color. If urine is light yellow or straw-colored,
then the athlete is most likely properly hydrated. However, if it is dark, the urine
may be concentrated, suggesting inadequate hydration [5, 12].
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Weight Considerations

While some sports require an athlete to lose or maintain weight to optimize perfor-
mance, other sports require weight gain for a greater competitive advantage. Female
athletes participating in appearance or lean sports (e.g. gymnastics, figure skating,
dance, running, and swimming) may feel pressure to lose weight to achieve an ideal
thinness. Some athletes turn to restrictive eating and the use of unsafe dieting prac-
tices to achieve a lower body weight. This may compromise both the athlete’s abil-
ity to perform, as well as her health [10, 12].

The Female Athlete Triad (Triad) is a syndrome in which low energy availabil-
ity (with or without intended restrictive eating), amenorrhea, and decreased bone
mineral density are present. The Triad is a serious condition with lifelong health
consequences, some of which can potentially be fatal [10]. A multidisciplinary
approach to the treatment of this disorder is recommended, and includes a medical
doctor, dietitian, and a therapist [5]. Additional details about this condition can be
found in Chapter 5.

Weight gain is important for those who are underweight, or who require greater
strength, as it increases energy and endurance. Weight gain is achieved by ensuring
that each meal and snack has healthful, higher calorie foods. The overall goal is to
gain about 0.5-1.0 pound per week. Athletes trying to gain weight should consume
three meals and 2-3 snacks each day. Skipping meals such as breakfast may make
it more difficult to obtain the necessary calories needed to gain weight. If extra calo-
ries are needed, there are liquid nutrition supplements available, which contain extra
calories and are marketed specifically for weight gain [12].

Summary

Young female athletes, and those who support them, should strive to understand
which foods provide the best sources of energy, along with when and how to eat
before, during, and after exercise. Nutrition is an important part of sports perfor-
mance. Energy, macronutrients, micronutrients, and fluids in the proper amounts
are essential for optimal growth and activity. The athlete’s needs evolve as she
grows and matures and as her training cycles and sports seasons change. Each
athlete should consider constructing her diet carefully, and professional help
from a registered sports dietitian is advised. A dietitian can assess growth, iden-
tify athletes who are under- or overweight, monitor athletes with overuse injuries
related to poor nutrition, and identify those with or at risk of disordered eating
(Table 2.4).
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Table 2.4 Recommended sports nutrition websites

Academy of Nutrition and Dietetics www.eatright.org

SCAN (Sports & Cardiovascular Nutritionists)

Fuel up to Play60 http://www.fueluptoplay60.com/
Gatorade Sports Science Institute www.gssiweb.com

International Journal of Sport Nutrition & www.humankinetics.com

Exercise Metabolism

Journal of the International Society of Sports | http://www.jissn.com/

Nutrition

Nutrition Science and the Olympics http://btc.montana.edu/olympics/nutrition/
Sports and Nutrition: The Winning www.urbanext.illinois.edu/hsnut
Connection (This website is particularly

good for meal planning.)

Sports Nutrition: Eat to Compete http://www.extension.iastate.edu/
humansciences/sports-nutrition
Team USA Sports Nutrition Facts Sheets http://www.teamusa.org/About-the-USOC/

Athlete-Development/Sport-Performance/
Nutrition/Resources-and-Fact-Sheets

Teens Health: Feeding Your Child Athlete http://kidshealth.org/parent/nutrition_
center/dietary_needs/feed_child_athlete.
html#cat20754

Young Women’s Health: Sports Nutrition http://www.youngwomenshealth.org/

nutrition-sports.html
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Chapter 3
Resistance Training for Young Female Athletes

Andrea Stracciolini, Gregory D. Myer, and Avery D. Faigenbaum

Introduction

In 1976 researchers demonstrated that injuries sustained by female athletes, aside
from those related to different biological structures, are essentially no different than
those of males, and “well-trained” female athletes are no more prone to injury than
their male counterparts [1]. Research has advanced greatly since that time; the evi-
dence continues to mount regarding the health and fitness-related benefits of resis-
tance training for girls and young women, and the concept of training female athletes
for injury prevention has received much deserved attention. Currently, most
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school-aged girls participate in developmentally appropriate resistance training dur-
ing physical education classes as part of a contemporary curriculum designed to pre-
pare children to live physically active lives [2]. Moreover, a growing number of
YMCAs, fitness facilities, and sports training centers now specialize in the fitness
market for girls and young women by offering programs specifically designed to
enhance muscular fitness, improve sports performance, and reduce the risk of sports-
related injuries.

Experts in the fields of sports medicine, pediatric exercise science, physical edu-
cation, and biomechanics recommend that exercise programs for girls and young
women include resistance training activity [3-5]. Early teachings by Micheli et al.
[6], now supported by recent literature [7], suggest that acute and overuse injuries
could be reduced by 15-50 % in female athletes by addressing risk factors, such as
poor muscle strength, muscle imbalances, and flexibility deficits. The National
Athletic Trainers’ Association also estimates that more than half of all sports-related
overuse injuries in young athletes may be preventable with simple approaches that
include preseason and in-season exercise programs built upon a foundation of resis-
tance training [8]. Furthermore, obesity treatment and prevention, via the promotion
of safe and effective physical activity participation, are additional benefits that may
arise from resistance training [9—15].

This chapter focuses on dispelling the myths associated with resistance training
for girls and young women, followed by a discussion of the observable benefits of
resistance training in this population, including muscular fitness development,
improvement of bone mass, physical activity promotion, sports injury reduction,
and obesity prevention.

Definitions

Resistance training: A method of conditioning, also called strength training, that
involves the progressive use of a wide range of resistive loads, different movement
velocities, and a variety of training modalities, including free weights (barbells and
dumbbells), weight machines, resistance bands, suspension systems, and medicine
balls, to improve muscle strength, muscular power, and local muscular endurance.

Muscular Fitness: An inclusive term that refers to muscle strength, muscular power,
and local muscular endurance.

Weightlifting: A competitive sport that involves the performance of the snatch and
clean and jerk lifts. Weightlifting training refers to a variety of explosive multi-joint
exercises that are performed by controlled movements, requiring a high degree of
technical skill and qualified instruction.

Concentric muscle contraction: Activation of a muscle while the muscle shortens.
During this type of contraction, the external force on the muscle is less than the
force the muscle is generating.
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Eccentric muscle contraction: Active contraction of a muscle occurring simultane-
ously with lengthening of the muscle.

Peak height velocity (PHV): A somatic indicator of physical maturity that reflects
the maximum velocity of growth in stature during adolescence.

Importance of the Issue

There are many myths and concerns about resistance training in children and adoles-
cents. One of the main objectives of this chapter is to examine and dispel these myths.

Myth 1: Resistance Training Is Unsafe for Youth

There is no evidence that resistance training will negatively impact growth and
maturation in children and adolescents [16]. Injury to the growth cartilage has not
been reported in any prospective youth resistance training research studies.
Growth cartilage injuries described in case reports from the 1970s and 1980s typi-
cally resulted from improper lifting techniques, poorly chosen training loads, or
lack of qualified adult supervision [3]. A recent review of the literature indicated
that there is a relatively low risk of injury in children and adolescents who follow
age-appropriate resistance training guidelines, which include qualified supervi-
sion, constructive feedback on exercise technique, and a sensible progression of
training loads and volume [12].

Examination of data from resistance training-related injuries in patients present-
ing to United States emergency rooms demonstrated that many injuries were likely
related to accidents and poor technique; notably, two-thirds of the injuries sustained
by 8- to 13-year-old patients were to the hand and foot and were most often related
to “dropping” and “pinching” in the injury descriptions. The incidence of joint
sprains and muscle strains was higher in the older age groups [17]. Quatman et al.
found that males may suffer more exertional-type resistance injuries to the trunk
during resistance training, while females may be more susceptible to lower-
extremity injuries resulting from accidents during resistance training [18]. These
studies collectively support the assertion that resistance training for young females
can be safe and effective when conducted with qualified guidance and supervision.

Furthermore, resistance training designed to enrich the motor learning environ-
ment in young females may help children with low motor skill confidence and com-
petence catch up to their peers, as well as serve to reduce injury risk factors [7]. The
recently published “Position statement on youth resistance training: the 2014
International Consensus” is an excellent resource, as it describes resistance training
guidelines for children and adolescents and highlights considerations for young
females [5].
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Myth 2: Resistance Training Will Not Increase Muscle
Strength in Girls

Resistance training can effectively increase girls’ muscle strength. Malina reviewed
22 reports dealing with experimental resistance training protocols in both boys and
girls before and during early puberty. He found that most programs used weight
machines and free weights, 2- to 3-day protocols, and 8- to 12-week durations.
Significant improvements in muscular strength during childhood and early adoles-
cence were achieved. Importantly, in the ten studies that systematically monitored
injuries, only three injuries were reported, with estimated injury rates of 0.176,
0.053, and 0.055 per 100 participant hours in the respective programs [16]. A meta-
analysis investigating the effects of resistance training in children and adolescents
did not reveal any significant sex differences in the efficacy of resistance training.
However, the authors noted that there was a distinct imbalance in the number of
male and female participants (1162 males versus only 317 females) [19].

Myth 3: Resistance Training Creates Bulky Muscles

Muscular strength development is a multidimensional fitness component that is
influenced by a combination of muscular, neural, and biomechanical factors. For
example, a potential factor for increasing strength during childhood may be related
to the maturation of the central nervous system, improvements in motor unit recruit-
ment, firing frequency, synchronization, and neural myelination [5]. In preadoles-
cents, proper resistance training can enhance strength without concomitant muscle
hypertrophy. Such gains in strength can be attributed to the aforementioned neuro-
logical mechanisms [20]. These mechanisms may account for the increase in
strength in populations with low androgen concentrations, including females and
preadolescent boys [21]. Assessments of muscular strength in children and adoles-
cents indicate that strength increases in a relatively linear fashion throughout child-
hood for both boys and girls. As children reach the onset of puberty, they experience
rapid growth along with observable non-linear gains in muscular strength. During
this period, sex differences in muscular strength begin to emerge, with boys demon-
strating accelerated gains as a result of the adolescent spurt, and girls appearing to
continue to develop in a more linear fashion [5]. The accelerated gains in strength
in males during this time period is largely from increased hormonal concentrations,
including testosterone, growth hormone and insulin-like growth factor playing a
more significant role.

Magazine cover images of female bodybuilders, especially those who use exog-
enous steroids, may be one culprit for the persistence of myths regarding resistance
training and muscle bulk in females. Physical education (PE) teachers and youth
coaches may be able to start early (before high school) and educate children about
the benefits of sensible strength training and hormonal differences that limit large
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gains in muscle hypertrophy in girls. Thought also needs to be given to how strength
training is explained and offered to girls. While some girls may shy away from
“weightlifting” with “bulky” boys in an afterschool program, gitls, especially non-
athletes, may to be more interested in fitness activities and toning exercises.
Introducing strength training in a non-threatening and educational PE class, for
example allowing girls to train with friends in small groups, may promote safe and
effective resistance training.

Myth 4: Resistance Training Is Only Beneficial for Athletes

From a public health perspective, all children and adolescents, not just young ath-
letes, should participate in a variety of strength building physical activities as part
of play, sports, physical education, planned exercise, and recreation. However, it is
crucial that training programs take into account the fitness level of each participant
and start at an appropriate point. Young sedentary girls, as well as young athletic
girls, should be instructed by qualified pediatric exercise specialists on proper exer-
cise technique and progressive training. The goals of well-designed resistance train-
ing programs for youth should not be limited to increasing muscle strength. Since
basal muscle strength and neuromuscular control is needed to run, jump, hop, skip,
and kick proficiently [22], exercise recommendations for young females should
include a variety of enjoyable, age-appropriate activities with resistance training
exercises and games as the core. This targeted approach early in childhood may
serve to enhance a girl’s physical abilities throughout the growth process and into
her adult years. Teaching girls about physical fitness, improving coordination, dem-
onstrating safe training procedures, and providing an engaging and enjoyable pro-
gram promotes a positive attitude toward resistance training and physical activity in
general [4]. While enhancing the physical abilities of girls in order to improve
sports performance is not a novel concept, it is worth highlighting that a training
model that emphasizes muscular strength and motor skill development early in life
also serves to provide a developmental approach that supports overall physical and
psychosocial development [23-25].

Myth 5: There Is Only One Right Way to Perform
Resistance Training Exercises

There is not one optimal combination of sets, repetitions, and exercises that will
result in favorable adaptations in muscular strength, fitness performance, and body
composition in all youth. By periodically altering the training variables over time, the
training stimulus will remain effective and adaptations to the training program will be
maximized [26-29]. Strength building throughout all aspects of a training program is
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critical. There exists no minimum age requirement for participation in youth resis-
tance training programs provided participants are able to follow directions and safety
rules [3]. Most 7- and 8-year-old girls are ready for some type of resistance exercise
[27]. Resistance training with free weights (i.e., dumbbells and barbells) (Fig. 3.1),
medicine balls, elastic bands, and one’s own body weight are beneficial for youth
who need to enhance motor skill performance, improve balance, and increase mus-
cle strength and power as part of an integrative neuromuscular training program
[12,25, 26, 30].

Fig. 3.1 Resistance training using proper technique and spotting
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Fig. 3.1 Resistance training using proper technique
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Fig. 3.1 Resistance training using proper technique

Resistance Training and Injury Prevention
for the Young Female Athlete

Anatomical changes during growth and development include widening of the pelvis,
increase in the Q angle (Fig. 3.2), and changes in center of gravity [31]. See Chapter 1
for additional details on growth and development. Researchers have hypothesized
that following the onset of puberty and the initiation of peak height velocity (PHV)
core stability decreases due to increased tibia and femur length, increased overall
body mass, and increased height of the center of mass. A key finding is that these
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Fig. 3.2 The Q angle is
the angle formed from the
intersection of a line drawn
from the anterior superior
iliac spine to the central
patella with a second line
from the central patella to
the tibial tubercle

changes are not accompanied by increases in strength or muscle recruitment at the
hip and trunk [32, 33]. In other words, as female athletes reach maturity, decreased
core stability and deficient core strength may cause increased dynamic lower extrem-
ity valgus load during sport specific tasks, placing them at increased risk for injury
[34-36]. Intervention efforts with targeted training that includes increasing strength,
improving neuromuscular control, and incorporating skill development, can be
implemented for females during preadolescence and adolescence to help decrease
injury risk factors [25, 28, 37—40]. If these programs are initiated early enough in the
maturational years, they are highly effective in reducing injury [7].

A recent meta-analysis of 14 ACL injury prevention studies in female athletes
concluded that programs were more successful in preventing knee injuries when
training commenced before the onset of neuromuscular deficits and peak knee injury
incidence, optimally during early adolescence [7]. Quatman-Yates and colleagues
studied changes in lower extremity strength across maturational stages for female
student athletes. They found that hip abduction and hamstring-quadriceps ratio
strength decreased from prepubertal to pubertal stages, lending further support to
strength training for females during preadolescence with the goal of injury prevention
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[41]. Neuromuscular training conducted during preadolescence or earlier increases
neuromuscular function related to improved biomechanics that may lead to a
reduction of ACL injuries as girls progress in growth and sport [31, 36, 37, 39-48].

While some female athletes appreciate the aesthetics of a strong, muscular build,
the performing artist athlete may actually fear the development of this type of body
habitus. Female performing artists, including dancers, gymnasts, and figure skaters,
are a unique group of athletes, who may feel challenged by what can appear to be
opposing goals: the need to build strength while also meeting the aesthetic require-
ments of the discipline, namely appearing thin and sleek. However, data on female
ballet dancers have shown that supplemental resistance training for hamstrings and
quadriceps can lead to improvements in leg strength, without interfering with key
artistic and physical performance requirements [49].

Helping these athletes understand the benefits of resistance training, dispelling
the myths associated with weight training, and designing protocols that are con-
ducted in environments familiar to the athlete (e g. the dance studio, gym, or ice rink)
may allow them to feel more comfortable with these training programs. Training
protocols should be designed to correct imbalances unique to the discipline. For the
ballet dancer, this means conducting resistance training in a parallel lower extremity
position, as compared to the turned out position. This technique encourages improve-
ment in strength of the relatively weaker adductor and internal rotator muscles of the
lower extremity. Resistance training in this population should include dynamic con-
centric and eccentric muscle actions, and should be performed through full ranges of
motion in keeping with the unique demands of the performing artist athlete. A pro-
gressive suspension training protocol in the dance studio, gym, or ice rink, incorpo-
rated into training programs throughout the week, is an example of a program that
builds strength, keeps young female athletes interested and energized, occurs in the
comfort of familiar environments, and can be done along side their peers.

Implementing evidence-based injury prevention protocols in schools and sports
training facilities may ultimately promote safe and successful physical activity into
adulthood [4, 50]. Without interventions that target deficits in muscular fitness and
motor skills early in life, girls will be less likely to engage in the recommended
amount of daily physical activity and more likely to experience negative health
outcomes [11]. Age-related interventions taught by trained pediatric exercise spe-
cialists are needed to prevent the subsequent decline and disinterest in physical
activity and upsurge in high-risk behaviors [51]. A population-wide approach to
injury prevention should be started early in life, and novel strategies are needed if
the lifelong benefits of exercise are to be fully realized [12].

The Benefit of Resistance Training on Bone Mineral Density
in the Young Female

Childhood through late adolescence is a critical time period for bone mass accrual,
and physical activities characterized by considerable loading have been shown to
have the greatest osteogenic, or bone building, effects on the growing skeleton [52].
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Resistance training for females during this time period may be an important component
of exercise when considering future bone health, in particular for certain groups at
high risk for suboptimal bone health, including bony stress injuries, eventual osteo-
penia, and even osteoporosis [53].

Children who participate in competitive sports and strength building exercise
have higher bone mineral density (BMD) than those who do not [54, 55]. Bass et al.
reported that prepubertal female gymnasts, whose training mainly involves high-
impact and resistance training, had significantly higher BMD than age-matched
controls. Specifically, BMD Z-scores increased as the duration of training increased
(r=0.32-0.48, p ranging between <0.04 and <0.002). During 12 months, the
increase in areal BMD (g/cm?/year) of the total body, spine, and legs in the active
prepubertal gymnasts was 30-85 % greater than in prepubertal controls (all p <0.05).
In the retired gymnasts, the areal BMD was 0.5-1.5 SD higher than the predicted
mean in controls at all sites, except the skull (p ranging between <0.06 and <0.0001)
[56]. This supports initiating resistance training in girls early in childhood, maxi-
mizing the benefits attributable to resistance training. One possible motivator for the
athlete herself is that increased BMD, developed through regular strength-promoting
exercise, provides protection against fractures, translating to increased sports
participation and decreased time lost from injury [57].

Potential Benefits of Resistance Training for Obese
or Overweight Girls and Adolescents

Overweight and obese children may enjoy resistance training because it is not aero-
bically taxing and provides an opportunity for participants to enhance fitness perfor-
mance while gaining confidence in their ability to be physically active [58]. Regular
participation in a resistance training program influences favorable changes in body
composition in children and adolescents who are obese or at risk for obesity [15].
This may be critical, in particular, for young, developing females. Sung and col-
leagues evaluated the effects of a low energy diet with or without resistance training
on blood lipid profiles in obese children. Fat free mass increased significantly in the
training group. Serum total cholesterol decreased in both the training group and con-
trol groups, with the LDL:HDL ratio significantly decreased in the training group
[59]. Van der Heijden examined the effects of a 12-week strength-training program
on obese adolescents (six males and six females) and reported significant improve-
ments in strength, lean body mass, and hepatic insulin sensitivity [60]. Others exam-
ined the effects of an 8-week resistance and power-training program on overweight
and obese children (22 males and 26 females) and reported significant improvements
in body composition and muscular fitness [61]. In a study evaluating the effects of
resistance training on lean body mass and BMD, 82 school age obese/overweight
children were randomly assigned to receive a balanced low-energy (900—1200 cal)
diet plus resistance training or diet alone. After the short study period of just 6 weeks,
the children in the training group showed significantly larger increases in lean body
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mass and total bone mineral content via dual energy X-ray absorptiometry (DXA)
measurements than those in the control group [62]. These findings, along with other
reports [63—65], suggest that resistance training, or a program that combines resis-
tance training and aerobic exercise, may be an attractive and beneficial alternative to
aerobic activity alone in obese children and adolescents.

Conclusion

There are substantial benefits of resistance training for both young female athletes
and non-athletes. These include:

* Improving muscular strength, power, and local muscular endurance.
* Preventing sports injuries.

e Improving BMD.

* Improving body composition.

* Improving metabolic health (i.e. insulin sensitivity).

* Improving balance and coordination.

* Promoting a positive attitude toward physical fitness.

It is important to recognize the benefits of initiating developmentally appropriate
resistance training for girls during childhood, at a time when they may be more
responsive to training protocols and before neuromuscular deficits become
engrained. Finally, the early introduction of resistance training protocols by quali-
fied fitness professionals who understand the unique physical and psychosocial
characteristics of girls and adolescents may promote longstanding healthy behav-
iors and a lifelong interest in regular physical activity.
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Chapter 4
Mental Skills Training: Games Girls Play—
The Why, What, and When of Mental Fitness

Caroline Silby

Today, 3.2 million girls play high school sports, and women represent 41.7 % of
National Collegiate Athletic Association (NCAA) athletes [1]. For many, the bene-
fits of this increased participation have been life changing.

Girls who participate in sports have higher levels of self-esteem and decreased risk
of depression [2]. Girls who participate in sports perform better in school and are more
likely to graduate from high school. They are less likely to join gangs or use drugs. In
general they begin having sex at a later age, and they are less likely to have unpro-
tected sex and unintended pregnancy [3, 4]. Nationwide, girls who participate on one
or two school sports teams are significantly less likely ever to have used marijuana,
cocaine, or other illegal drugs [5]. Furthermore, compelling data from the 1980s and
1990s, showed that the growth of the female workforce in a particular state mirrored
the sports opportunities afforded to girls in that state [6]. Athletic participation for girls
has also been associated with a 7 % lower risk of obesity nearly 20-25 years later [7].
In addition, female athletes are more achievement oriented, more independent, more
emotionally stable and more assertive than their non-athletic counterparts [8]. Even
with these well-documented life-long benefits, significant material challenges remain
in getting girls involved in sport and keeping them involved. By the age of 14 years
old, girls drop out of sports at a rate two times greater than that of boys [9].

In an effort to continue to improve the quality of the sports experience for girls
and to provide them with opportunities to compete at the highest levels, it is impor-
tant to consider both the personality of the athlete, as well as the environment in
which the athlete lives and trains. Investigations of training environments revealed
that in ego-oriented training climates, mistakes are punished, the most talented
athletes are more highly valued, collaborative learning is discouraged, and rivalries
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are encouraged. In that type of environment, female athletes were found to have
more stress, less enjoyment of the sport, lower levels of self-esteem, and poorer
body image than those who train in mastery climates. Mastery climates are sport
environments in which mistakes are seen as part of the learning process, the contri-
butions of each team member are valued, collaborative learning is encouraged, and
importance is placed on effort [10, 11].

In a study of ten Olympic Champions (winners of 32 medals), coach and family
influences were particularly important and affected athletes through teaching and
modeling of certain psychological lessons [12]. Furthermore, athletes who play for
trained coaches (i.e. coaches holding the appropriate certifications or licensure
endorsed by the sport’s national governing body) enjoy their sport experience more,
evaluate their coach and teammates more positively, show significant increases in
general self-esteem over the course of the sport season, and are roughly five times
less likely than those playing for untrained coaches to drop out of the program the
following season [13-15].

Psychological attributes such as self-confidence and the ability to cope with and
interpret anxiety-related symptoms in a positive way are commonly accepted as
being major contributors to success in sports [16, 17]. Interestingly, distinct differ-
ences have been found between highly successful performers (i.e. Olympic medal-
ists) and performers who failed to achieve the level expected of them, with regards
to focus, commitment, use of competition simulation, imagery, and post-competition
recovery and planning [18]. In examining specific psychological characteristics of
U.S. Olympic Champions, common characteristics include a high level of motiva-
tion and commitment, a positive or optimistic outlook, the ability to focus and con-
centrate, resiliency, and sport intelligence (creativity and ingenuity) [12].

Female athletes seeking to enhance performance typically define three attributes
of mental fitness they want to strengthen:

1. Control—athletes want to feel more in-control of their performances and daily
training.

2. Consistency —athletes want to perform more consistently at their highest levels,
as well as consistently manage emotions on a daily basis.

3. Confidence —athletes want to believe in their abilities to succeed in their athletic
pursuits.

The goal is to assist female athletes in strengthening these personal attributes as
a way to ultimately develop into healthy, happy, successful adults, who also have
sport outcomes that match their capabilities. These attributes and skills can be
implemented into training, competition, and post-competition recovery.

The Why of Mental Fitness Training

In a survey conducted by this author, competitive athletes indicated that 50-99.9 %
of their performance is influenced by attitude. However, in the same survey, they
reported spending 0-5 % of their time working on their attitude. This suggests that
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the athletes recognize the importance of attitude, but tend not to work on improving
it. Most often athletes do not work on their attitude because they simply do not
know how to go about it.

High-level athletes also know that attitude is important. Michael Jordan’s famous
quote illustrates the importance he placed on emotional skills like resiliency, open-
ness to learning, and reframing:

“I’ve missed more than 9,000 shots in my career. I've lost almost 300 games. 26 times, I’ve
been entrusted to take the game winning shot and missed. I’ve failed over and over and over
again in my life. And that is why I succeed.”

Michael Jordan

In a study of over 300 Olympians representing 13 countries, athletes viewed
psychological factors as more important to their success than physical talent. The
most frequently cited attributes were drive and ambition (29 %), determination (20
%), confidence (15 %), focus (11 %), natural talent (8 %), and the ability to “relax”
(4 %) [19].

Researchers have evaluated psychological skills training programs to assess their
effectiveness in relation to the performance enhancement process, and 38 of the 45
studies examined (85 %) had found positive performance effects [20]. A number of
studies [21-23] have concluded that sport performance significantly improved as a
consequence of psychological skills training. It is relevant to note that a perfor-
mance enhancement of 3 % can make a significant difference at the elite level; it can
mean the difference between not making the Olympic team and winning a gold
medal [24].

The What of Mental Skills Training

Control

Regardless of the sport or level of participation, athletes and performers share a
common set of worries. When asked, most athletes can easily identify their worries,
which include stressors such as receiving unpleasant input from peers, fans, or
coaches, experiencing pain or injury, making a physical or mental error, and
receiving a “bad” call from officials [25, 26] (see Fig. 4.1). Yet, if an athlete is asked
to identify one action taken that contributed to the creation of a positive outcome,
she will likely respond, “I don’t know.” If an athlete cannot identify even one action
that contributed to her success, how can she compete consistently well at the highest
levels? More importantly, how can she feel in control of her performance? In
essence, the athlete has to hope she performs well, as opposed to creating a
systematic way of giving herself the best chance to create the desired level of play.
It is especially important for female athletes to make connections between personal
actions, behaviors, and successful competitive results, as female athletes tend to
have a more external attribution style, which means that they will often attribute
performance success to luck, and performance failure to personal flaws [27, 28].
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Fig. 4.1 Pressure loop: external and internal control factors in sport
Consistency

Elite athletes generally interpret their arousal and anxiety as more facilitative than
non-elite athletes [29]. Eubank and Collins found that individuals who view their anxiety
as facilitative are more likely to apply problem-focused and emotion-focused coping
strategies [30]. While there are many anxiety coping strategies available to athletes,
Tamres et al. found that female athletes used emotion-focused coping strategies, such as
seeking support for emotional reasons, rumination, and positive self-talk, more frequently
than males [31]. Most athletes who experience significant performance inconsistency
show similar inconsistencies in daily training and fluctuations in the effort they put forth
to manage “imperfect” emotions such as fear, worry, isolation, and stress. Consistency,
both in relation to performance and managing one’s emotions, can be created by identify-
ing what is important, accepting imperfect feelings, and using factual assessments.

Identification of What Is Important

There is inherent “noise” associated with any competitive sport. In order for athletes
to put filters on this noise and respond to the right cues, they can be invited to
identify “TBUs” (true but useless pieces of information). There will be many
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distractions in sport; perhaps someone else is physically stronger, or maybe an ath-
lete did not get the playing time she felt was deserved, or maybe she does not like
her coach. These are all examples of TBUs. In spite of these facts, there are still
positive actions the athlete can take to create success.

Acceptance of Imperfect Feelings

Feelings such as doubt, worry, and fear are a common part of the competitive sport
experience, and acceptance of these “imperfect” feelings is the pre-condition for
growth and change. We can be filled with doubt, AND we can be competent. We can
feel stressed, AND we can solve our problems. Understanding that we are capable
of holding two opposing emotions at the same time allows an athlete to use emo-
tions as information and as cues to take positive action. For example, “I feel worried
that my legs are tight, so I'm going to contract and release the muscles.” Athletes
should be discouraged from making JUDGMENTS about the feelings, such as, “I
feel worried that my legs are tight, so I'm probably going to swim slowly.”

The following is an example of acceptance by World Heavyweight Champion
Buster Douglas:

“Doubt is always ringing my doorbell. I just open the door and say, ‘How you doin’, Doubt?
Look everybody it's my old friend Doubt.” I've come to realize that doubt will always be
there.” - Buster Douglas on defeating Mike Tyson for the undisputed world heavyweight
championship in February 1990.

Use of Factual Assessment

The stories athletes tell themselves about their training and performance shape their
belief systems. Interestingly, what tends to be upsetting to female athletes is not
usually the FACTS, for example, “I missed five series on beam,” but rather the sto-
ries they tell themselves about those facts. For example, “I am falling behind in my
training” or “I am not going to perform well at the meet.” The way an athlete frames
a situation impacts her ability to learn from her experiences, especially in situations
where she fails to meet expectations. Reframing a situation is the ability to look at
a problem through a different lens, or frame of reference, in order to make the emo-
tional impact of an event less severe or to make finding a solution easier [32].
Female athletes want to know that they have earned others’ belief in them. Therefore,
when reframing a situation, it is crucial to stick to the facts.

An example of reframing through the use of factual appraisal comes from
the author’s early work with athletes. A junior level skater was preparing for the
National Championships. During morning practice, despite multiple attempts,
she was unable to execute her combination jump for the technical program.
Because she was frustrated, the story she was telling herself was that she was not



50 C. Silby

capable or prepared to compete. In response, she was asked to calculate the number
of times she had successfully completed the combination, and the facts showed that
she had been doing the jump at least five times per day, well over 8000 times in
total. She was asked to identify another activity that she did as often, and she indi-
cated that she brushed her teeth several times per day. When asked, “Have you ever
brushed your teeth and had the toothbrush slip and jam into your gum line?” She
responded, “Sure.” She was then asked, “Well, do you wake up the next morning
worried that you don’t know how to brush your teeth?” She laughed. When asked
“Why not?” she responded, “Well, I know I know how to brush my teeth.” With that
perspective, she was better able to reframe the situation and devise a plan to com-
plete the jump successfully during competition.

The exercise of reframing provides an athlete with an opportunity to look at the
facts, and tell an accurate story about herself and her competitive situation. From
there, the athlete is able to proactively devise a game plan and identify positive
actions to take that would give her the best chance to create the desired result.

Confidence

Sport confidence refers to the certainty an individual athlete possesses about her
ability to be successful in sport [33]. Sport confidence is often measured and referred
to as a trait, meaning it is a relatively stable characteristic. However, research
suggests that it also contains state properties, indicating that it can fluctuate in inten-
sity and over time [34]. Self-confidence is rooted in both belief and expectation.
Across research it has been consistently found that athletes who possess higher
levels of sport confidence tend to be more skilled and more efficient when using
cognitive resources necessary for sporting success [35]. Confidence also plays a
significant role in the athlete’s coping processes—an athlete who possesses a strong
belief in her ability is able to peak under pressure and cope successfully with adverse
situations during competition [35].

Several researchers have investigated differences between males and females in
sport confidence, and a relatively consistent finding is that male athletes demonstrate
higher levels of confidence than females [36]. Hays et al. also found that confidence
in female athletes is influenced by external factors such as social support and time
spent with a personal coach, whereas male athletes derived confidence from a belief
in the coach’s ability to create an effective training plan [35]. Horn and Glenn found
that anxious female athletes preferred coaches who gave strong support and positive
feedback [37].

There is much research indicating marked declines in girls’ self-confidence
during the adolescent years [38]. Bond and Neideffer found that self-esteem
scores progressively declined with age in female athletes, while the opposite was
true in male athletes [39]. Similarly, Carol Gilligan has reported that girls lose
confidence in their ability to express their needs and opinions as they move into
the early adolescence [40]. Mary Pipher, in her acclaimed book, “Reviving
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Ophelia,” outlined a variety of ways in which young female adolescents lose
confidence in themselves leading to anxiety and depression [41].

In sports, early adolescence is often the “perfect storm” for female athletes. It is
in this timeframe that there is a collision between increased expectations for
performance and decreased confidence, leading to much performance inconsis-
tency, frustration, and overall displeasure with the sport experience. It is therefore
not surprising that at the age of 14 years, girls drop out of sports at a rate two times
greater than that of boys [9].

There are numerous strategies used to enhance confidence, including mindfulness
training, goal setting, commitment to a tactical plan, relaxation/imagery, and pre-
and post-competition routines. Yet, most often athletes attribute differences in goal
attainment and missed expectations to an overactive mind. Simply put, they say that
they “think too much.”

Self-Talk

Self-talk has been defined as “dialogue in which the individual interprets feelings
and perceptions, regulates and changes evaluations and convictions, and gives
herself instruction and reinforcement” [42]. While there is a body of experimental
and field-based research supporting the use of positive self-talk [43—-46], other
research has found positive performance associations with negative self-talk [47] or
no effect with positive or negative self-talk [48, 49]. The use of cue/key words to aid
in learning and performance has shown more positive results. Cue words have been
found to aid in the learning of different skills, such as ground strokes [50], volleying
skills [51], and tennis and figure skating skills [52].

Zinsser et al. differentiate between self-talk that is motivational as opposed to
instructional [53]. Some have proposed that the motivational function of self-talk
assists athletes in building confidence and drive; it can increase effort and help con-
trol arousal and anxiety [16]. On the other hand, self-talk of an instructional nature
is theorized to improve performance through attending to and executing actions
based upon technique or tactics.

Informational self-talk can include both internal and external cues, which ath-
letes can use to create a mental pacing of the performance/game. Mental pacing
allows athletes predetermined opportunities to physically and mentally push or
relax throughout the performance/game while also connecting mind and body into
the present moment. It helps athletes achieve “flow,” which is described by Susan
Jackson as “a harmonious experience where mind and body are working together
effortlessly” [54]. Providing mental pacing allows an athlete to be proactive in her
execution of a predetermined tactical plan, thus minimizing questioning and
avoiding response to the wrong cues, while increasing decisiveness, execution,
and control.

The cues that create mental pacing of the performance/game can either be
internal cues directing the athlete’s attention to her body movements, or external
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cues directing attention to the action of the moment, but not specifically to body
movement and skill execution. In a series of studies conducted by Wulf and col-
leagues [55, 56], the researchers found that participants who were taught to direct
attention to an external cue, as opposed to their own body movement, performed
better than those directed to focus on their body and feel their movement. Internal
cues assist athletes in narrowing focus and serve as reminders to execute a certain
technique, form, or feeling. External cues tend to be actions that simulate the mind—
body connection that occurs when an athlete is naturally performing well, when her
mind is quiet, and she is in a state of “flow.”

The When of Mental Skills Training

One of the most frequently asked questions related to mental fitness training is “At
what point is it appropriate to start mental skills training?” While not always exact,
the following are commonly used references to frame an athlete’s capacity to learn
skills and principles:

e Pre-School (1-5 years)

* Pre-Adolescence (611 years)

e Early Adolescence (12-15 years)

e Maturing Adolescence (16+years)

The pre-school years are marked by allowing athletes to move their bodies in as
many different ways as possible, providing an environment of fun and sharing in
that fun. According to Carol Dweck, children’s attitudes and behaviors regarding
achievement and failure are already in place by pre-school [57]. Furthermore, pro-
viding descriptive feedback to 1- to 3-year olds by focusing on controllable aspects
of performance, such as effort, predicted their later desire to take on new challenges,
which in turn influenced these children’s math achievement 7 years later [57, 58].
By providing process-oriented feedback and making use of emotional control strat-
egies such as time-outs, it is possible to lay the groundwork for mental training in
the pre-school years.

Pre-adolescence is a time period when athletes have the capacity to express their
thoughts and feelings about sports participation, learn correct movement patterns,
and respond to strategies for learning. While Marshall and Comalli found that most
students are not formally taught much about their brain until at least middle school,
mental strengths can be taught at this stage by providing opportunities for girls to
openly discuss the actions that create success [59]. It is important to put emphasis
on reasons for happiness, provide descriptive feedback on controllable aspects of
performance, and help children identify personal actions that contribute to positive
outcomes.

Early adolescence marks the time when female athletes are at high risk of
experiencing performance inconsistency, burnout, injury, and dropout. This is the
stage of athletic development where a collision occurs between increased expectation
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and decreased confidence, leading to performance inconsistency, sensitivity to criti-
cism, feelings of frustration, resistance to learning, and a sense of staleness. If an
athlete confronts all of these challenges without strategies to navigate them, it is
likely she will quit her sport. Given that these performance challenges are
predictable, this is the time to continue to build upon the foundation of skills laid
earlier by proactively arming girls with a more advanced skill set to manage these
challenges before they occur.

Maturing adolescence is marked by uncertainty about the future, search for one’s
place in the world, and separation from immediate family. At this stage, athletes often
struggle to balance their commitment to sports with their responsibilities as students,
friends, and members of their families and communities. Recognition of only one
dimension of personality leaves athletes vulnerable to high anxiety and depression
[60]. The physical changes that accompany this time period can wreak havoc on the
performance as well as the confidence of female athletes. It is also during this time
period that overtraining, injury, and underperformance commonly emerge. While
males are likely to show increases in their strength and speed, females typically expe-
rience some difficulty emotionally and physically adjusting to their new body size
and composition. The physical and psychological symptoms of overtraining and
underperformance are related, making cause and effect difficult to distinguish. It is
critically important that athletes are both physically and psychologically prepared to
navigate both. If mental fitness strategies have previously been introduced and imple-
mented, the athlete can continue to hone those skills and transfer them to the new
situations and self-perceptions that emerge during this stage of development.

Summary

Athletes seem to know that in order to create sport outcomes that match their
capabilities, some sort of mental fitness training must be practiced. Typically,
athletes are seeking to feel more in control of their performance levels, perform
consistently to their abilities, and feel confident about their ability to deliver high-
level performances in critical moments. Through mental training, athletes can
develop the coping skills of focusing on the controllable aspects of performance,
finding perspective through factual appraisals, responding to appropriate cues, and
increasing confidence through the use of self-talk and cue words. Ultimately, the
foundation for mental training can be laid in early childhood when we begin to
teach emotional control. As children mature, more advanced coping strategies can
be introduced and honed to meet the specific cognitive, emotional, and performance
challenges presented by each stage in a young woman’s development.

Sports participation, like many other endeavors throughout life, is an adventure;
it is about figuring out what brings an athlete happiness, what gets her engaged, and
what challenges her. Developing mental fitness skills will not guarantee a young
woman success, but it can provide her with useful tools and the best chance of
reaching her goals while enjoying the process.
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Chapter 5
The Female Athlete Triad

Maria L. Eguiguren and Kathryn E. Ackerman

Introduction

The Female Athlete Triad (Triad) is a relatively new entity that has been described
and studied primarily in the past two decades. Due to ongoing research and efforts to
increase awareness of this condition, athletes, coaches, physicians, and other provid-
ers are now more familiar with the Triad and its health consequences. However, the
complete pathophysiology of the Triad is not fully understood, and debate continues
about how clinicians and the sports community should provide care for athletes with
this disorder. This chapter provides an overview of the definitions, epidemiology,
clinical presentation, current management, and future directions of the Triad.

Definitions

The Female Athlete Triad: A syndrome that involves the interrelationship of
decreased energy availability, menstrual dysfunction, and poor bone health.

Energy availability: The amount of dietary energy remaining, after exercise train-
ing, for all other physiological functions each day.
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Table 5.1 Definitions of the components of the female athlete triad in young females [6, 7]

Components Definitions
Low energy Low energy availability = (energy intake —exercise energy expenditure)/fat free
availability mass <45 kcal/kg per day or inadequate kcal/kg to sustain normal bodily functions

Disordered eating: various abnormal eating behaviors, including restrictive
eating, fasting, frequently skipped meals, diet pills, laxatives, diuretics,
enemas, overeating, binge-eating and then purging (vomiting)

Eating disorder: a clinical mental disorder defined by DSM-5 and
characterized by abnormal eating behaviors, an irrational fear of gaining
weight, and false beliefs about eating, weight, and shape

Menstrual Primary amenorrhea: Lack of menstruation by age 15 in the presence
disorders of normal secondary sexual characteristics

Secondary amenorrhea: absence of menstrual cycles for >3 months after
menarche

Oligomenorrhea: menstrual cycles at intervals >35 days
Anovulation: absence of ovulation due to follicular impairment
Luteal phase defect: luteal phase <11 days and/or low progesterone level

Low bone Low BMD: Z-score between —1 and —2 with secondary clinical risk factors
mineral density | for fractures®
Osteoporosis: Z-score <—2 with a significant fracture history®
Clinical risk factors for fracture include: chronic malnutrition, eating disorders, hypogonadism,
glucocorticoid exposure, previous fractures, and hyperparathyroidism
"Significant fracture history: (1) two or more long bone fractures by age 10 years, and/or (2) three
or more long bone fractures at any age up to age 19 years

Amenorrhea: Absence of menstruation by the age of 15 in those with normal
secondary sexual characteristics (primary amenorrhea) or absence of menses for >3
months after menarche (secondary amenorrhea).

Oligomenorrhea: Menstrual cycles at intervals >35 days.

Z-score: A measure of bone mineral density, which indicates the standard deviation
of a measurement obtained in a particular patient compared to a sex- and age-
matched control group.

Osteoporosis: A condition of decreased bone mineral density resulting in an
increased risk of fracture. In children and adolescents it is defined as a Z-score < -2
with a significant fracture history.

In 1992, the American College of Sports Medicine (ACSM) first described a
triad of disordered eating, amenorrhea, and osteoporosis in female athletes [1-5]
(see Table 5.1). The clinical consequences, need for treatment, and further questions
about the Triad were then presented in the ACSM’s 1997 Position Stand on the
Female Athlete Triad [8]. Subsequent research suggested that many patients do not
necessarily have all the components of the Triad simultaneously, and that previous
conceptual models of the condition failed to identify many women at risk of devel-
oping the disease [8—12].

Therefore, in 2007 the ACSM published an updated position stand, defining the
Triad as an interrelationship of energy availability, menstrual function, and bone
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Optimal Energy
Availability

Reduced Energy Availability
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Disordered Eating

Low Energy Availability

vith or without Eumenorrhea Optimal Bone
an Eating Disorder Subclinical Hasii
Menstrual
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Functional
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Fig. 5.1 The female athlete triad spectra along which female athletes are distributed: energy
availability, menstrual function, and bone mineral density. An athlete’s condition moves along
each spectrum at a different rate based on her diet and exercise habits [6]. From De Souza MJ,
Nattiv A, Joy E, et al. BrJ Sports Med 2014;48:289

health, noting that an athlete may be at different points along spectra from optimal
health to significant disease (Fig. 5.1) [6]. At the ideal end, an athlete has optimal
energy availability, eumenorrhea, and optimal bone health. Farther along the spec-
tra, an athlete may have decreased energy availability with or without disordered
eating, subclinical menstrual disorders, including oligomenorrhea, luteal defi-
ciency, and anovulation, and/or low bone mineral density (BMD). At the patho-
logic end are the combination of low energy availability with or without an eating
disorder, functional hypothalamic amenorrhea (absence of menses caused by
suppression of the hypothalamic—pituitary—ovarian axis without a known anatomic
or organic disease cause), and osteoporosis [6].

Low Energy Availability

Energy availability is the energy required to maintain bodily functions, and it is
defined as the dietary energy intake minus the energy used during exercise (exercise
energy expenditure) normalized to fat free mass [6]. The current recommendation
for daily energy availability is above 45 kcal/kg of fat free mass; below this level
alterations in bone can be seen. Metabolic and reproductive changes are observed
below 30 kcal/kg of fat free mass in adult women [6, 13, 14]. The appropriate
energy availability range for growing adolescents has not been rigorously tested;
therefore, the authors recommend that 45 kcal/kg of fat free mass/day be used as a
guideline for adolescent female athletes, while also closely monitoring growth and
development.

Some female athletes may inadvertently underconsume calories, while others
may have a disordered eating pattern or a true eating disorder as the cause of their
low energy availability. The revised criteria of anorexia nervosa in the fifth edition
of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) include
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restriction of energy intake relative to requirements leading to significantly low
body weight, intense fear of gaining weight or of becoming fat, and disturbance in
the way one’s body weight or shape is experienced [15, 16]. Amenorrhea is no
longer a criterion for the diagnosis of anorexia nervosa, and the qualification of
one’s weight being <85 % ideal body weight was also removed [16]. Bulimia
nervosa is defined as recurrent episodes of binge eating followed by recurrent
inappropriate compensatory behaviors (e.g., vomiting, laxative abuse, diuretic
abuse, and overexercising) at least once a week for 3 months in order to prevent
weight gain, and self-evaluation that is excessively influenced by body shape and
weight [16]. Eating disorder not otherwise specified (EDNOS) was a catch-all
category used in the past for those who did not fit neatly into a specific category;
instead, the DSM-5 includes subcategories, such as binge-eating disorder (binging
without inappropriate compensatory behaviors), atypical anorexia nervosa (if the
patient is not underweight), and purging disorder [16].

Menstrual Dysfunction

The etiology of amenorrhea is quite extensive; however, amenorrhea related to
energy deficiency in athletes is considered functional hypothalamic amenorrhea
(FHA). FHA is the suppression of the hypothalamic—pituitary—ovarian axis in the
absence of an identifiable anatomic or organic cause, and can be related to decreased
energy availability, exercise, and/or stress [17]. There are various menstrual irregu-
larities along the Triad menstrual spectrum such as amenorrhea, oligomenorrhea,
and subclinical menstrual disorders (luteal phase defects and anovulation). Table 5.1
shows the definitions of these menstrual cycle abnormalities.

Bone Impairment

There are different definitions referring to low BMD and osteoporosis based on age.
The World Health Organization (WHO) uses dual energy X-ray absorptiometry
(DXA)-derived T-scores to define osteopenia and osteoporosis in postmenopausal
women and men >50 years of age. This method compares the patient’s BMD to
normative data of sex-matched individuals in their 20s (the time of peak bone mass)
[18]. In recent studies in children, adolescents, and premenopausal women, Z-scores
are preferred over T-scores because a Z-score indicates the standard deviation of a
measurement obtained in a particular patient compared to a sex- and age-matched
control group [19]. According to the International Society for Clinical Densitometry
(ISCD), a Z-score <-2.0 SD is considered “below expected range for age,” and a
Z-score>-2.0 SD is “within the expected range for age.” In children and adoles-
cents, diagnosis of osteoporosis is used only when the BMD Z-score is<-2.0 and
there is a clinically significant fracture history. For premenopausal women, “osteo-
porosis” is defined as a BMD Z-score <-2.0 plus risk factors for fracture or
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secondary causes of osteoporosis [20, 21]. However, due to the expected higher
BMD in athletes participating in weight bearing sports, the ACSM defines the term
“low BMD” in premenopausal women as a Z-score between —1 and -2 in the pres-
ence of secondary clinical risk factors for fracture. ACSM reserves the term “osteo-
porosis” for those with a Z-score <-2.0 along with secondary clinical risk factors
for fractures (Table 5.1) [6].

Epidemiology

The prevalence of the Triad varies widely among athletes. In general, the estimated
prevalence of all three components of the Triad simultaneously is low. However, the
individual components are common in recreational and elite-level female athletes of
all ages [10, 22, 23]. In a systematic review of the literature, Gibbs et al. found that
the prevalence of all three components of the Triad in female athletes ranged from
0 % to 15.9 %. The prevalence of any two components ranged from 2.7 % to 27 %,
and 16 % to 60 % for any single component [24]. In a study by Hoch et al., up to
78 % of high school varsity female athletes were found to have one or more compo-
nent of the Triad [25].

Although energy restriction is common in athletes, it is difficult to assess its
prevalence because of a lack of simple and accurate methods to measure energy
intake and expenditure. One study, which was based on self-report questionnaires
and 3-day food diaries, showed that the prevalence of low energy availability
(defined as <45 kcal/kg fat free mass) in high school female athletes was 36 % [25].
In their review, Gibbs et al. reported that the prevalence of eating disorders among
female athletes in general ranged from 0 % to 48 %, and the prevalence of clinical
disordered eating ranged from 7.1 % to 89.2 % in 17 studies [24].

The prevalence of menstrual irregularities in athletes was examined in 34 stud-
ies using self-reported methods and/or hormonal assessments [24]. The prevalence
of primary amenorrhea ranged from 0 % to 56 %, secondary amenorrhea from 1 %
to 60 %, and of oligomenorrhea from 0.9 % to 52.5 % [24]. The prevalence of
luteal phase defects ranged from 5.9 % to 43 %, and of anovulation from 12 % to
30 % [24]. The wide range in each category likely reflects the menstrual dysfunc-
tion definitions used, methodologies of assessment, subjects’ ages, exercise vol-
ume, sport practiced, etc.

Individual estimates of low BMD, defined as a Z-score <-2.0, ranged from 0 %
to 15.4 % in various studies, while the prevalence of low BMD, defined as a Z-score
between —1.0 and —2.0, ranged from 0 % to 39.8 % [24]. BMD can have significant
variability depending on sport. In a study of 93 high school female runners, ages
13—18 years, 11.8 % and 28 % met the —2 and —1 BMD Z-score cutoffs, respectively.
Total hip and lumbar spine BMD were significantly lower in runners with menstrual
irregularity, after adjusting for body mass index (BMI) and lean tissue mass [26].

Even though the Triad can be observed in any exercising woman, the risk is
higher in those practicing leanness, aesthetic, or endurance sports [6, 27, 28]
(Table 5.2). For instance, 70.1 % of athletes competing in leanness sports are at risk
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Table 5.2 Examples of leanness sports: sports in which leanness and/or a specific body weight are
considered important for performance
Endurance sports Cross-country skiing, cycling, rowing, running, speed skating, swimming
Aesthetic sports Cheerleading, dance, figure skating, gymnastics, synchronized swimming
Weight-class sports | Boxing, judo, kickboxing, lightweight rowing, mixed martial arts,
tackwondo, weightlifting, wrestling
Anti-gravitational Cycling, swimming, synchronized swimming
sports

of developing the Triad compared to 55.3 % of athletes in other sports [29].
Moreover, the prevalence of all three components of the Triad is higher in athletes
participating in sports emphasizing leanness (1.5 % to 6.7 %) versus those in non-
lean sports (0-2 %) [24].

Pathophysiology

Low Energy Availability

Low energy availability results from failing to meet nutritional requirements for a
given amount of physical activity. For instance, studies among female soccer play-
ers found that the prevalence of low energy availability was highest during mid-
season [30] and was associated with a low carbohydrate diet and lower energy dense
meals [31, 32]. These findings suggest that restrictions in dietary intake (with or
without disordered eating or eating disorders), in addition to increases in exercise
activity, can lead to low energy availability.

Elite athletes are at increased risk for eating disorders, especially those athletes
in sports and activities emphasizing leanness, including dance [33]. Athletes gener-
ally start to diet to meet the body paradigm specific to their sport, to improve perfor-
mance, and to conform to sociocultural “ideals” for thinness [34, 35]. Although
many athletes have eating disorders, others are not consciously restricting food but
are simply unaware of the dietary intake needed. In fact, athletes often lack the
appetite necessary to promote food intake to compensate for energy expenditure
from intense exercise [36, 37]. Appetite is regulated by several hormones including
ghrelin, which stimulates food intake, and hormones such as peptide YY (PYY),
pancreatic polypeptide (PP), and glucagon-like peptide 1 (GLP-1), which suppress
food intake [38]. Some studies have shown that acute bouts of exercise suppress
acylated ghrelin and increase PYY, PP, and GLP-1 [39, 40]. This phenomenon is
called “exercise-induced anorexia” [39]. However, these studies have only analyzed
the hormonal response immediately after exercise training.

Chronic low energy stores in athletes are insufficient to maintain physiological
processes. In an effort to conserve energy, the body experiences certain physiological
adaptations, such as reproductive function inhibition, resulting in menstrual dys-
function [14, 41].
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Menstrual Irregularities

Menstrual function in those with the Triad can range from eumenorrhea to amenor-
rhea. In female athletes with the Triad, amenorrhea is caused by a disruption in the
hypothalamic—pituitary—ovarian (HPO) axis [42]. It has been shown that luteinizing
hormone (LH) pulse frequency decreases below an energy availability threshold of
30 kcal/kg of lean body mass [14]. As a consequence, gonadal steroid release from
the ovaries is disrupted, resulting in a hypoestrogenic state. In some cases, chronic
energy deficiency can reduce ovarian steroid secretion without disrupting menstrual
cycles. This may lead to subclinical menstrual disorders such as luteal deficiency
and anovulation [43, 44].

Low energy availability also affects other metabolic and gastrointestinal hormones
that may be involved in the regulation of the HPO axis. The adipocytokine leptin, as
well as insulin, ghrelin, and PYY, all have the ability to cross the blood—brain barrier
and are not only involved in appetite regulation, but also have been hypothesized to
regulate GnRH pulsatility [45, 46]. Ghrelin and PYY are elevated, while leptin and
insulin are suppressed in female athletes with amenorrhea [41, 47-51].

Bone Impairment

Bone mass accrual occurs principally during puberty, and by 26 years of age young
women reach 99 % of their total bone mineral content [52]. Weight-bearing exercise
typically has a beneficial effect on bone accretion when proper nutrition is present
[53]. However, in athletes with the Triad, bone health is compromised due to low
energy availability and the subsequent decrease in gonadal steroids and other hor-
mones [37, 54]. In fact, bone accrual in adolescent runners was found to be sup-
pressed when compared to non-runners, putting this group at special risk for
fractures and future complications [55].

It is well established that estrogen inhibits osteoclast activity, and low levels of
estrogen increase bone resorption. However, studies have also shown that energy
deficiency itself causes detrimental effects on bone health, independent of estrogen
[54, 56]. The mechanisms involve changes in metabolic hormones, such as leptin,
insulin-like growth factor 1 (IGF-1), PYY, cortisol (increased in low energy states
including Triad), and nutritional deficiencies critical to bone formation, such as
calcium and vitamin D [54, 56—62]. One study by Ihle et al. concluded that there is
an uncoupling of bone resorption and formation within 5 days of low energy
availability, and that extreme energy restriction causes a more pronounced effect on
bone remodeling, suggesting a dose—response relationship [63].

Although DXA is the gold standard for measuring BMD, it does not evaluate
other parameters of bone such as bone geometry and microarchitecture [37]. Recent
research has focused on the assessment of bone quality, mineral content, and strength
by using new imaging techniques such as high-resolution peripheral quantitative
computed tomography (HR-pQCT). It has been shown that bone microarchitecture
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is impaired in adolescent amenorrheic weight-bearing athletes compared to eumen-
orrheic athletes and healthy controls [64]. Athletes presented greater total area, tra-
becular area, and cortical perimeter compared to non-athletes; however, amenorrheic
athletes had lower cortical area and thickness, lower trabecular number, and higher
trabecular separation at the weight-bearing tibia [64]. Also, amenorrheic athletes
have lower estimated bone strength (by finite element analysis) at the non-weight-
bearing distal radius than non-athletes, and lose the strength advantage of weight-
bearing exercise seen in eumenorrheic athletes at the distal tibia [65].

Symptoms/Diagnosis

Patients with the Triad may present in a variety of ways, and coaches, teammates,
families, and physicians should be alert for early warning signs. Signs and symp-
toms may include weight loss, ritualistic eating, isolating behavior, excessive con-
cern with body image, mood changes, fatigue, frequent illness and injury, decreased
exercise performance, and prolonged recovery time after injury. Individuals suffer-
ing from Triad may notice weakness, bowel changes, lightheadedness, menstrual
irregularity, or difficulty concentrating; many other changes can also be seen, as
decreased energy availability can lead to a variety of musculoskeletal, cardiovascu-
lar, gastrointestinal, renal, and neuropsychiatric symptoms [66].

A pre-participation examination may pick up on signs of the Triad if the right
questions are asked. The Female Athlete Triad Coalition recommends the screening
questions listed in Table 5.3 [67]. Additionally, physicians should also have the Triad
on their radars when assessing female athletes in clinic with related problems, includ-
ing amenorrhea or recurrent injury, particularly stress fractures. An athlete who pres-
ents with one component of the Triad should be evaluated for the others [6].

Low energy availability may be suggested by a low BMI (<17.5 kg/m?) or in
adolescents, <85 % of expected body weight. In general, absolute BMI cutoffs
are not recommended in adolescents; the BMI percentile method for calculating
estimated body weight is preferred. This compares the adolescent’s weight to that at

Table 5.3 Female Athlete Triad Coalition pre-participation examination screening questions [67]

Have you ever had a menstrual period?

How old were you when you had your first menstrual period?

When was your most recent menstrual period?

How many periods have you had in the past 12 months?

Are you presently taking any female hormones (estrogen, progesterone, birth control pills)?
Do you worry about your weight?

Are you trying to or has anyone recommended that you gain or lose weight?

Are you on a special diet or do you avoid certain types of foods or food groups?

Rl Pl EN R E Bl Rl e

Have you ever had an eating disorder?
10. Have you ever had a stress fracture?
11. Have you ever been told you have low bone density (osteopenia or osteoporosis?)
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the 50th BMI percentile, the expected body weight [67, 68]. Using growth charts to
assess changes in weight and BMI is helpful. Some patients with inadequate energy
availability may not have significantly low body weight, but may have fallen off
their growth curve, have low triiodothyronine, have a low heart rate, hypotension,
hypothermia, orthostatic changes, or other signs of poor nutrition [67, 69]. A sports
dietitian and/or exercise physiologist can be instrumental in estimating dietary
intake and energy expenditure.

Menstrual dysfunction can be assessed initially with screening questions fol-
lowed by a more thorough workup. In addition to the questions included in Table 5.3,
it is important to assess familial menstrual history in order to determine hereditary
patterns. When evaluating primary or secondary amenorrhea, etiologies such as thy-
roid disorders (hyper- or hypothyroidism), pituitary tumors (e.g., prolactinoma),
and polycystic ovarian syndrome should be considered. A thorough medication
review should be performed, including questions regarding antipsychotic agents,
combined oral contraceptive pills, depot medroxyprogesterone acetate injections,
and possible intrauterine devices, all of which may disrupt menses [17]. If the treat-
ing physician is not comfortable evaluating FHA, consultation with an endocrinolo-
gist is recommended. The medical workup for amenorrhea is shown in Fig. 5.2 [67].
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dietitian and obtain a bone mineral density test (site of testing should be based on the age of the patient: spine and whole
body for growing children and adolescents, spine and hip for adult women); Refer or consult with endocrinologist if not
experienced in treatment.

Fig. 5.2 Amenorrhea Algorithm from 2014 Female Athlete Triad Coalition Consensus Statement
on Treatment and Return to Play of the Female Athlete Triad [67]. DHEA/S dehydroepiandros-
terone sulfate, FHA functional hypothalamic amenorrhea, FSH follicle-stimulating hormone, h}CG
human chorionic gonadotropin, LH luteinizing hormone, PCOS polycystic ovarian syndrome, 7SH
thyroid-stimulating hormone. From De Souza MJ, Nattiv A, Joy E, et al. Br J Sports Med
2014:48:289
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Bone health can be assessed by obtaining the patient’s history of fractures, family
history of osteoporosis and other possible metabolic bone diseases, and obtaining a
DXA scan as needed. The authors recommend obtaining a DXA when there is a history
of an eating disorder; a BMI <18.5 kg/m?, <85 % estimated weight, or recent weight
loss of >10 %; menarche >16 years of age; history of >6 months of amenorrhea; two
or more stress reactions/fractures; one high risk stress reaction/fracture (e.g., femoral
neck stress injury) or low energy non-traumatic fracture; or at least 1 year after a prior
low BMD DXA result [67]. Depending on results, further laboratory testing may be
warranted (e.g., 25-hydroxy vitamin D, calcium, phosphorus, magnesium, parathyroid
hormone, thyroid-stimulating hormone, urinary calcium and creatinine, etc.)

Treatment

A multidisciplinary approach is optimal to treat and prevent further complications
of the Triad. The treatment team often involves a primary care and/or sports physi-
cian, a dietitian, and a mental health professional. Broadening the team to provide
more support can be quite helpful and may include family members, coaches, ath-
letic trainers, and/or exercise physiologists.

The primary goal of treatment is to increase energy availability and body weight
to achieve normal gonadal and other hormonal levels. This is typically done with
both diet and exercise modification. Modest exercise reduction (10-20 %) and an
increase in caloric intake (20-30 % over baseline energy needs) offer a good begin-
ning strategy [6, 67]. If energy availability can be accurately estimated, the target
should be >45 kcal/kg of fat free mass per day [67]. If the athlete’s diet is signifi-
cantly restricted, caloric intake should be increased slowly to avoid raising the
patient’s fear of weight gain and to avoid the negative sequelae of “refeeding syn-
drome,” a condition that involves potentially fatal shifts in fluids and electrolytes
that can occur when caloric intake increases too quickly in a malnourished patient.

Weight gain to achieve a BMI >18.5 kg/m? or >90 % of ideal body weight is
recommended to restore menstrual function and increase BMD [6, 67, 70]. Some
athletes may need to achieve even higher weight goals to restore normal menstrual
function, because of their greater amount of lean muscle mass and relatively lower
amount of adipose tissue. In addition, getting BMD to a normal range may not be
possible depending on the timing, severity, and duration of energy restriction, but
stopping bone loss and achieving some BMD improvement is common [71].

Because decreased energy availability associated with the Triad often involves
maladaptive eating and training behaviors, many athletes are reluctant to adhere to
suggested activity and dietary modifications. Therefore, psychological counseling
may be necessary and may help uncover the drive behind the disorder. If a true eat-
ing disorder is suspected, more intensive therapy with an eating disorder treatment
team may be needed. Also, because progress is sometimes slow, pharmacological
therapy may be considered as an adjunct to lifestyle changes.

Oral contraceptive pills (OCPs) containing estrogen and progestin are commonly
prescribed to athletes with amenorrhea, but evidence regarding the effects on BMD
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is inconclusive. Different studies have demonstrated an improvement, no change, or
a decrease in BMD [67, 72, 73]. Transdermal estrogen may have a better impact on
bone than OCPs secondary to differing effects on IGF-1, a bone trophic hormone.
Oral estrogen decreases systemic IGF-1, while transdermal formulations maintain
or increase concentrations of this growth factor important for bone formation and
remodeling [74]. Studies involving postmenopausal women found that transdermal
estrogen (+/— progesterone) is more effective than OCPs in increasing BMD and
decreasing fracture risk [75, 76]. Transdermal estrogen and oral progesterone ther-
apy also improved spine and hip BMD in adolescents with anorexia nervosa [77].
Cyclic progesterone is suggested for those on transdermal estrogen to avoid the
negative effects of unopposed estrogen on the uterine lining. However, further
research on the efficacy of transdermal estrogen and oral progesterone on BMD in
Triad patients is needed.

Small studies have tested subcutaneous leptin analog injections for recovering
menstrual cycles and improving BMD in those with FHA. While some patients did
resume menses and had significant increases in BMD, leptin’s side effect of weight
loss is of great concern. Therefore, larger studies with detailed dosing adjustments
are warranted [78, 79].

Additionally, adequate calcium and vitamin D are important for bone health.
Calcium ingestion via food products is ideal, but often not achieved in restricted
diets, and serum 25-hydroxy vitamin D levels may be lower than the recommended
30-32 ng/mL cutoff. Therefore 1300 mg/day of elemental calcium in divided doses
in adolescents (1000 mg in premenopausal women >19 years old), and at least
600 IU of vitamin D daily are recommended [74, 80]. Higher vitamin D dosing may
be necessary to achieve adequate blood levels.

In general, bisphosphonates are not recommended for BMD treatment in pre-
menopausal populations, except in extreme circumstances and under the guidance
of a bone metabolism specialist, such as an endocrinologist [67]. Antidepressant
medications such as selective serotonin reuptake inhibitors (SSRIs) may be useful
in certain Triad patients. Studies have found SSRIs to be effective in the treatment
of bulimia nervosa, significantly reducing the frequency of binge eating and purg-
ing. The efficacy is less clear in anorexia nervosa [81, 82]. There is a potential
advantage to using antidepressants in Triad patients in order to treat comorbid con-
ditions such as anxiety, depression, and obsessive compulsive disorder [67].
However, SSRIs have been linked to weight loss in some individuals along with
negative effects on BMD, so further research is warranted [67, 83, 84].

Future Directions

In 2014 the Female Athlete Triad Coalition expanded on the prior ACSM position
statements by publishing updated research findings and suggesting evaluation and
return to play guidelines for Triad [67]. In addition, the International Olympic
Committee (IOC) published a consensus statement on Relative Energy Deficiency
in Sport (RED-S), highlighting the effects of energy deficit on not only the
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reproductive and musculoskeletal systems, but others as well. Their paper also
called for more research in other sport populations including male athletes, minori-
ties, and athletes with disabilities [66]. The Female Athlete Triad Coalition and the
IOC publications included their own Triad assessment and return to play models,
both of which are currently being tested in adolescent sport populations.

As knowledge about the Triad increases, more questions have emerged that need
to be answered: Should athletes with disordered eating or eating disorders have a
different approach to weight recovery than non-athletes? Are there more accurate,
faster, clinical tools for assessing energy availability? What other cardiovascular,
immunologic, neurologic, and psychological effects occur from energy deficiency?
Are there other adjunctive hormonal or other medical therapies that may be helpful
in treating the Triad? Are there different energy availability set points for adoles-
cents? These questions and others are currently being explored.

Summary

The female athlete triad and its individual components can occur in female athletes
at any age and in any sport. Early awareness and education during adolescence can
help prevent a variety of difficulties, ranging from unsatisfying sports performance
to lifelong health problems. Particular attention should be paid to athletes participat-
ing in high risk sports, which include leanness activities. Recent research has further
illucidated the complex hormonal pathways contributing to the Triad and the mul-
tiple negative consequences of decreased energy availability. As guidelines from the
ACSM, the Female Athlete Triad Coalition, the IOC, and other professional medical
organizations are refined, information about detection and treatment must be more
widely disseminated to improve the care of these young athletes.
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Chapter 6
Overuse Injuries in Young Female Athletes

Genevra Stone, Cassidy M. Foley, and Ellen Geminiani

Introduction

Along with the many benefits of sports participation, unfortunately injuries also
occur. Most injuries can be classified as either acute/traumatic injuries or overuse
injuries. This chapter focuses on some of the most common overuse injuries expe-
rienced by young female athletes.

Overuse injuries result from repetitive stress or load to the musculoskeletal tissues
without adequate rest to allow for tissue recovery. It is estimated that approximately
50 % of injuries in young athletes are overuse, and many may be preventable [1].
Lack of uniformity in injury definition, classification, and reporting methods leads to
underestimation of the total impact of overuse injuries [2].

A recent study found that athletic injuries differ between adolescent females and
males by type, diagnosis, and body area. Physically active females ages 5—17 years
have a higher rate of overuse injuries and are more likely to sustain injuries to the
lower extremity and spine compared to their male counterparts [3]. Additionally,
studies have demonstrated differences in joint angles, muscular strength, and pro-
prioceptive ability between male and female athletes [3].

G. Stone, MD
Graduate, Tufts University School of Medicine, Boston, MA, USA

C.M. Foley, DO
Pediatric Orthopaedic Associates, Next Level Sports Medicine,
Children’s Healthcare of Atlanta, Atlanta, GA, USA

E. Geminiani, MD (<)

Division of Sports Medicine, Department of Orthopedics, Boston Children’s Hospital,
Boston, MA, USA

e-mail: ellen.geminiani @childrens.harvard.edu

© Springer International Publishing Switzerland 2016 73
C.J. Stein et al. (eds.), The Young Female Athlete, Contemporary Pediatric
and Adolescent Sports Medicine, DOI 10.1007/978-3-319-21632-4_6


mailto:ellen.geminiani@childrens.harvard.edu

74 G. Stone et al.

Definitions

Tendinopathy: A nonspecific term that refers to tendon injury; it encompasses
conditions such as tendinitis and tendinosis. Histologically, tendinitis is marked by
inflammation of the tendon and typically develops over a short period of time.
Tendinosis represents a more chronic degenerative process within the tendon [3].

Physis: Also known as the growth plate, this is the area where the bone lengthens.

Apophysis: A secondary ossification center and the bony attachment site of a
musculotendinous unit. Rapid bone growth that exceeds the growth rate of the mus-
cle and tendon places particular traction stress at the apophysis [4].

Apophysitis: Inflammation and microtrauma at the apophysis that develop due to
repetitive traction forces at this site.

Epiphysis: The articular end of a long bone, which during growth is separated from
the bone shaft by an area of cartilage.

Epiphysitis: Inflammation of the epiphysis due to compression or shearing in this
region of growing bone.

Eccentric exercises: Exercises that strengthen while the muscles lengthen.

Risk Factors

Risk factors for overuse injuries are often categorized as intrinsic factors, related to
the athlete herself, or extrinsic factors, related to the conditions of sport participation
[5]. Intrinsic risk factors can include anatomic malalignment, joint hypermobility,
the adolescent growth spurt, hormonal irregularities, and biomechanical alterations
[6]. Extrinsic risk factors include rules, equipment, play surface, and environment,
including weather [7]. Training errors related to frequency, volume, intensity, and
technique are other extrinsic factors frequently responsible for overuse injuries [5].
In addition, over-scheduling injuries have been described due to excessive planned
physical activity without adequate rest and recovery time [8]. Pressure from coaches
and parents represents an additional extrinsic factor described in the literature [9].
Each athlete’s individual risk factors should be considered to help prevent injury.

History of prior injury is an important risk factor for overuse injury, which should
always be addressed when evaluating the young athlete. Additionally, overuse inju-
ries may be more common during periods of rapid growth, when the athlete is
adapting to tremendous changes and imbalances in body structures, strength and
flexibility [6].
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Overuse Injuries

Patellofemoral Knee Pain

Patellofemoral knee pain is one of the most common complaints among female
athletes with a lifetime incidence of 19.6 % compared to 7.4 % in males [10, 11].
It is estimated to account for up to 25 % of knee injuries in athletes [12].
Patellofemoral knee pain is a complex of symptoms affecting the anterior knee that
results from the position and movement of the patella and retinaculum, which is not
attributable to other intra-articular or peripatellar pathology. It is, therefore, a diag-
nosis of exclusion.

The patella is a sesamoid bone within the quadriceps tendon. It is an important
part of the extensor mechanism as it glides in the trochlea of the distal femur and
assists with leverage in knee extension. Articular cartilage of the patella and the
trochlea aid with the gliding motion, and soft tissue structures balance and stabilize
the patella within the femoral groove. Forces superiorly (quadriceps tendon), inferi-
orly (patellar tendon), medially (medial retinaculum, vastus medialis) and laterally
(lateral retinaculum, vastus lateralis, iliotibial band) act together to maintain posi-
tion of the patella in the trochlear groove [13].

The pathophysiology of patellofemoral pain is not clearly understood and is
most likely multifactorial. Forces acting on the patella can create a lateral deviation
and misalignment with a tight lateral retinaculum, iliotibial band, and/or vastus late-
ralis that overpowers the medial forces from the vastus medialis [14]. Other studies
have demonstrated a delay in firing of the vastus medialis as a factor in lateral track-
ing [15]. Poor flexibility in the gastrocnemius and hamstring has been identified in
patellofemoral pain patients [16] along with tightness and weakness in the quadri-
ceps [17], all of which can increase the compressive forces on the patella. Other
causative factors described include excess pronation [18], weakness of the hip sta-
bilizers [19], and increased physical activity [20]. It has also been observed that
adolescent girls with increased knee abduction (valgus stress) during landing may
be at increased risk for both patellofemoral pain and ACL injury [21].

Athletes typically report insidious onset of pain over the anterior knee. Pain is
usually worse with increased activity, especially running, squatting, prolonged sit-
ting (“theater sign”) or going upstairs or downstairs. Some patients experience a
“giving out” sensation, which likely represents poor quadriceps control due to
weakness, imbalance, or misfiring of the muscles; this sensation should be distin-
guished from true mechanical symptoms. Physical examination should initially
evaluate for structural causes of knee pain including tendinitis, ligament instability,
and internal derangement. Important elements of the physical exam include palpa-
tion of the patellar borders, mobility of the patella, and strength of the surrounding
muscles. A detailed evaluation of the patient’s lower extremity flexibility, strength,
and biomechanics is necessary to determine the contributing factors in the patho-
physiology of patellofemoral pain [22].
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The majority of patients respond well to conservative treatment, which may
includes physical therapy, activity modification, and orthotic support. Physical ther-
apy should focus on improving flexibility and strength. Counseling the patient
regarding temporary activity modification and cross training may help decrease the
load on the patellofemoral joint. In some patients orthotics may provide some pain
relief, especially if there is excess pronation [13]. Many patients may benefit from
bracing or taping techniques, but the data on the efficacy of these approaches are
inconclusive [23]. Rarely, conservative measures are not adequate, and surgical
interventions, such as lateral release or tibial tubercle osteotomy, are considered for
patients with persistent symptoms.

Stress Fractures

Stress fractures are a common overuse injury with a higher lifetime incidence in
female athletes (9.7 % in females vs 6.5 % in males) [24]. Like other overuse inju-
ries, stress fractures result from repetitive stress without adequate recovery. Normal
bone undergoes a continuous process of repair and remodeling when under strain
and tension. Excessive bone strain causes an accumulation of microdamage and
possible crack initiation. Fracture can develop when normal bone healing is over-
whelmed by increased demands or when there is reduced bone healing that cannot
respond to normal strain on the bone [25].

Bones of the lower extremity are most commonly affected, with sites of injury
varying based on the specific sport. Athletes will typically describe an insidious
onset of pain that worsens during or after activity. Symptoms often follow an
increase in training volume or intensity. Physical examination usually reveals bony
tenderness, with or without associated soft tissue swelling. Symptoms often worsen
with provocative measures, such as hopping on one foot or placing a vibrating tun-
ing fork against the affected bone [26]. Clinical suspicion from patient history and
physical exam may prompt further diagnostic evaluation with plain X-rays.
However, X-rays are often negative, especially in the early stages of stress injuries.
While callus formation can sometimes be seen on plain films, visible changes gen-
erally take several weeks to develop. Therefore, in the setting of high clinical suspi-
cion, additional imaging with an MRI or bone scan can confirm the diagnosis.

In general, treatment of stress fractures consists of rest, proper rehabilitation, and
gradual return to activity. The location of the injury is important because of the risk
of delayed healing or nonunion. Stress fractures that typically heal well can be treated
with rest from sports activity and immobilization as needed for pain control [27].
Once the athlete is pain free, close follow up is important to determine the timing and
rate of safe progression back to activities [28]. In general, when there is no pain at
rest, the athlete may begin light activity such as pool exercises or elliptical training
with a slow progression to full impact physical activity and sports participation.

Some stress fractures have an increased risk of delayed healing or nonunion and
possible long-term sequelae. These high risk stress injuries include fractures of the
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pars interarticularis of the spine, tension side of the femoral neck, patella, anterior
tibia, medial malleolus, talus, tarsal navicular, the metaphyseal-diaphyseal junction
of the fifth metatarsal, and the sesamoids [6].

Stress fracture of the pars intrarticularis, known as spondylolysis, is a common
cause of back pain in adolescent athletes. During growth, spinal alignment changes
with an increase in lumbar lordosis, which results in greater stress on the posterior
elements and pars intrarticularis and an increased risk of stress fracture [28]. Sports
requiring repetitive extension of the spine, such as gymnastics, dance, and figure
skating, carry an elevated risk, but spondylolysis can be seen in many different
sports. A high index of suspicion must be maintained in all adolescent athletes with
back pain. Additional details about this condition can be found in Chapter 7.

Other high risk stress injuries occur on the tension side of the femur and the
anterior tibia. In athletes with anterior hip or groin pain, a femoral stress injury
should be suspected and an MRI may be warranted based on the history and physi-
cal examination, even in the presence of negative radiographs [6]. See Chapter 8 for
additional details. The “dreaded black line” anterior tibial stress fracture (see
Fig. 6.1) is another stress fracture recognized for its tendency towards delayed heal-
ing or nonunion. Surgical intervention is necessary on rare occasions, but conserva-
tive treatment is often successful if adequate time for rest is allowed [29].

Fig. 6.1 Black line stress
fractures
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Prevention of stress fractures comes from identifying and modifying risk factors.
Field et al. found that older age at menarche, a maternal family history of osteopo-
rosis, and greater than 8 h per week of sports participation were risk factors for
stress injuries. In addition, high impact activities, specifically basketball, running,
and gymnastics/cheerleading were identified to significantly increase risk for stress
fracture in adolescent girls [30]. Of these, training schedules, rest periods, and
amount of high impact activities are potentially modifiable.

Osteochondritis Dissecans

Osteochondritis dissecans (OCD) is a disorder of subchondral bone and the overly-
ing articular cartilage. It is hypothesized that vascular occlusion of subchondral
bone leads to local inflammation and subsequent poor bone health [31]. It is an
overuse injury due to repeated microtrauma that can be found at multiple joints
throughout the body, including knees, ankles and elbows. The OCD lesion may
remain intact, or the cartilage and bone may become a loose body in the joint.
Patients may then present with decreased range of motion or mechanical symptoms
such as locking, catching, or clicking.

OCD of the knee occurs most frequently at the lateral aspect of the medial femoral
condyle. Males are affected more often than females, and these lesions are usually
seen in older adolescents. The typical age range for patients with OCD lesions of the
knee is 12—19 years [32]. Kessler et al. did not find any patients under the age of six
with OCD of the knee in a 4-year study of 192 patients. This same study found that
African Americans had the highest risk compared to other racial/ethnic groups [32].

OCD of the talus represents one type of osteochondral lesion of the talus that
begins as a bony lesion with development of subsequent overlying articular carti-
lage abnormality [33]. Presentation is most common in the second decade with a
range of presentation from 10 to 40 years [34]. Symptoms include pain and swelling
with weight bearing activities, especially running [33].

OCD can also be seen in the elbow. Particularly in gymnasts and pitchers, OCD
may result from repetitive compression and shearing forces applied to the radio-
capitellar joint. These forces damage the subchondral bone’s blood supply at the
humeral capitellum [35]. Athletes generally present with poorly localized, activity-
related elbow pain.

OCD of the capitellum must be distinguished from osteochondrosis of the capi-
tellum, also known as Panner’s disease. Panner’s disease is typically self-limited,
may be related to overuse, and presents in children under 10 years of age [35].
Radiographically, Panner’s disease demonstrates involvement of the entire capitel-
lar epiphysis. The disease typically has a benign course. Recovery is achieved by
rest and activity modifications to avoid pain.

Treatment for OCD lesions is based on the stability of the lesion. Plain radio-
graphs may be used to diagnose and follow an OCD lesion, but MRI is generally
required to better characterize the size and stability of the lesion. A localized lesion
with flattening or radiolucency, or a more defined fragment with intact overlying
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cartilage, may be treated conservatively and followed closely for healing. Large
lesions may require surgical intervention if they do not show healing with conserva-
tive management. Unstable lesions, where the cartilage over the subchondral bone
has become cracked or compromised, allowing synovial fluid underneath the carti-
lage surface, generally require surgical stabilization. If a loose body has formed,
surgical intervention is necessary to replace and stabilize the fragment if possible.

Apophysitis

Open growth plates are one of the many factors that put immature athletes at particular
risk of certain types of injuries. Repetitive stress across the physis can result in pain,
inflammation, and even fracture. In particular, during growth spurts, the cartilage cells
of the hypertrophic zone of the physis become more active and are more susceptible to
injury [35]. Apophysitis results from traction at the attachment site of the tendon to a
secondary ossification site of bone (apophysis). Injury results from repetitive micro-
trauma and muscle-tendon imbalance. Apophysitis differs from epiphysitis, which is a
compression or shearing injury at the region of growing bone [28, 35].

Overuse injuries affecting the growth plates typically occur in active adolescents
between the ages of 8—15 years. Because female adolescents tend to experience
their growth spurt 1-2 years before males, they may also develop these conditions
earlier than their male counterparts [35].

Apophysitis can occur in many different areas of the body, and symptoms vary
by location. Pain is often insidious in onset and progressively worsens with activity.
Spinous process apophysitis can cause extension-based back pain and tenderness
along the posterior elements of the spine. Medial epicondyle apophysitis leads to
elbow pain and is one of the many different injuries commonly referred to as “Little
League Elbow.” Iliac crest apophysitis can cause lateral hip pain and tenderness
along the iliac crest. Apophysitis at the tibial tubercle, known as Osgood-Schlatter
disease, is a very common cause of knee pain in a growing athlete, and calcaneal
apophysitis leads to heel pain and is commonly known as Sever’s disease. A similar
condition at the base of the fifth metatarsal is known as Iselin’s disease.

The diagnosis of apophysitis can often be made clinically. Plain films may show
widening of growth plates, but in many cases they show no abnormality. Comparison
of the affected and unaffected sides may allow for recognition of normal growth
plates or identification of subtle abnormalities. Because symptoms of apophysitis
can overlap with other conditions and treatments differ based on diagnosis, care
must be taken to rule out other injuries.

Treatment of apophysitis is usually conservative. Rest, ice, compression, eleva-
tion, and NSAIDs are generally recommended [36]. NSAIDs are often used in the
acute phase to assist in decreasing pain and inflammation [36]. Correcting the ath-
lete’s muscle imbalances and increasing flexibility are very important components
of treatment and prevention of recurrence [28]. Although there is limited research to
support the use of acupuncture, it may offer symptomatic relief to some patients.
Symptoms of apophysitis tend to resolve as the athlete ages and the growth plates
fuse at skeletal maturity [36].
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Epiphysitis

One example of another kind of repetitive injury in the growing athlete is “Gymnast’s
Wrist.” This condition results from compression of the distal radial physis with
weight bearing. Pain is gradual in onset and worse with wrist extension, tumbling,
vaulting and back walkovers [35]. Patients may have normal range of motion, but
experience tenderness and swelling over the distal radial physis. Symptoms may
present at an older age than typical physeal injuries secondary to delayed skeletal
maturity in gymnasts and aesthetic athletes. Widening and/or sclerosis of the radial
physis may be evident on radiographs. Similar changes may be noted in the ulnar
growth plate and carpal bones. Permanent growth plate changes may result in short-
ening of the radius and a positive ulnar variance. The radial physis will typically
respond to 4 weeks of rest when radiographs are negative. However, with more
severe involvement healing may require 6 months or more of rest [35].

Tendinopathy

Athletes in general, and aesthetic and performing arts athletes in particular, fre-
quently develop tendinopathy. The term tendinopathy includes tendinitis, which
involves inflammation, and tendinosis, which is degeneration of the tendon without
inflammation. Tendinosis often results from a more prolonged injury in older ath-
letes [3]. Like many overuse injuries, athletes will present typically with insidious
onset of pain which progresses over time. Examination reveals pain over the
involved tendon often along with pain and/or weakness with resisted muscle testing.
Common tendons involved include the Achilles tendon, in addition to the peroneals
and posterior tibial tendons; these tendons contribute to dynamic ankle stabilization
and can become overworked with repeated movements. Conventional therapies,
including anti-inflammatory medications, physical therapy and orthotic devices, do
not have strong scientific evidence showing efficacy; however, these treatments may
provide some pain relief. Treatment with extra-corporeal shock wave therapy, injec-
tions with corticosteroid or blood products, and other interesting new treatments are
being studied. The most effective treatment studied seems to be eccentric exercises
implemented slowly at low intensity with gradual progression [37].

Overuse Injuries in Aesthetic and Performing Arts Athletes

Dancers, gymnasts, and figure skaters are among the athletes who combine the art-
istry of performance with athletic skills. The repetitions needed to master both the
artistic and athletic elements make the aesthetic athlete particularly susceptible to
overuse injuries. Errors in technique, combined with repetitive training, may put these
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athletes at increased risk of overuse injuries. Proper body alignment is an essential
factor along with balanced strength and flexibility to avoid potentially harmful move-
ment patterns. Several injuries are particularly common in aesthetic athletes.

Snapping Hip

The “snapping hip” is a common complaint among dancers, skaters and other ath-
letes who perform repeated hip flexion, hyperextension and rotation. Often the
snapping causes no pain at first and may not be recognized by the athlete as a prob-
lem. Coaches and teachers also may dismiss the problem, not understanding the
importance of proper technique, alignment, flexibility and strength. These factors
must be addressed to stop the condition from progressing and also to prevent mal-
adaptive compensation, which can result in other injuries [38]. A detailed descrip-
tion of snapping hip can be found in Chapter 8.

Os Trigonum

Os trigonum syndrome refers to a bony and soft tissue compression resulting in
posterior impingement of the ankle. The lateral tubercle of the talus can be more
elongated (called a Steida process) creating a source for posterior impingement. An
os trigonum results from a stress fracture/fracture of the Steida process or a failed
fusion of the secondary ossification center of the lateral tubercle [39]. Clinical
symptoms include stiffness and pain, particularly in the plantar flexed position, such
as en pointe or relevé in dance. Swelling may develop anterior to the Achilles, and
tendinitis of the flexor hallucis longus may occur concurrently [40]. Diagnosis is
based on clinical history and plain X-rays, however, presence of an os trigonum on
plain film is not clinically relevant without symptoms [39]. Treatment is initially
conservative with rest, ice, NSAIDs, physical therapy and possible ultrasound
guided injection. Failed conservative management warrants consideration for surgi-
cal excision [40].

Flexor Hallucis Longus Tendonopathy

The flexor hallucis longus (FHL) plays an important role in pointe work as well as
in pushing off during steps and jumps [38]. The FHL can easily become overworked
as it compensates for other weak muscles and improper foot mechanics. Proper
instruction on weight distribution on the feet while standing flat, in relevé (raising
oneself up onto the metatarsal heads or toes), and en pointe is important so that the
foot remains aligned in all positions.
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Lace Bite

For the skater, the anterior tibialis and extensor digitorum group are commonly
susceptible to the compressive forces along the anterior ankle from the skating boot
with repeated bending at the ankle. This condition is often referred to as “lace bite.”
Adaptation of the skating boot, protective padding, and the standard conservative
treatment measures should be implemented [41]. It is also important to assess the
overall ankle strength and stability since excess boot pressure can develop if the
peroneals and posterior tibialis groups lack adequate strength.

Hypermobility

Hypermobility is a term to describe joints that stretch beyond the normal
range. Increased length and elasticity of ligaments lead to increased transla-
tion at joint surfaces. Most commonly the hypermobility is benign, and indi-
viduals with flexible joints have no other symptoms. Some individuals,
however, have “joint hypermobility syndrome” in which their ligamentous
laxity leads to pain and other complications. Less commonly, hypermobility is
associated with other systemic complications as in the setting of hereditary
collagen or connective tissue defects, such as Ehlers—Danlos and Marfan syn-
dromes. Anyone suspected of having a connective tissue disorder should be
referred for genetic counseling and monitored by a rheumatologist or clinician
experienced in these systemic conditions.

It is estimated that between 4—13 % of the healthy population have hypermo-
bile joints [42, 43], and this hypermobility is more common in females. It is also
more common in younger populations, and its prevalence decreases sharply
through the adolescent years and then more slowly during the adult years [44],
Many athletes suffer no ill effects of their hypermobility. On the contrary,
hypermobility is an asset in many activities such as dance, gymnastics, and
throwing sports.

Beighton’s scoring system is the classic method of diagnosing joint hyper-
mobility. There are five criteria, and because four apply to the right and left
limbs individually, there are a maximum of nine points. The criteria are: pas-
sive dorsiflexion of the fifth finger beyond 90°, passive apposition of the
thumb to the flexor aspect of the forearm, hyperextension at the elbow beyond
10°, hyperextension at the knee beyond 10°, and the ability to rest palms flat
on the floor with trunk flexed and knees extended [45]. A Beighton score > 4
is commonly used to diagnose hypermobility. However, debate continues
about the most useful cut off points and the criteria for diagnosis of hypermo-
bility. This scoring system may not be appropriate for all populations [46].

Joint hypermobility syndrome is the diagnosis of hypermobility in the set-
ting of musculoskeletal complaints with no systemic symptoms [47]. Features
may include joint pain, easy bruising, ligament and/or tendon rupture, and
limb dislocations. Fatigue and muscle weakness have also been identified as

(continued)
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symptoms [48]. The pain is thought to be due to improper joint alignment
during activity [49]. Another potential contributing factor is impaired sensory
feedback in the affected joints leading to excessive joint trauma [47].

Patients with joint hypermobility syndrome are at increased risk of overuse
and joint instability injuries [50]. Some of the more frequent injuries include
synovitis, chondromalacia patellae, shoulder instability, dorsal wrist ganglion
cysts, and pes planus [51, 52]. As infants, some individuals with hypermobility
may have been diagnosed with congenital hip dysplasia. As these patients
age, it has been suggested that the increased translation at the articular surface
will predispose them to premature osteoarthritis; however, this hypothesis has
not been supported by the research [53-55].

Joint hypermobility syndrome in some individuals may be effectively
treated with exercise, proper body mechanics, avoidance of aggravating activ-
ities, and joint protection (e.g., supportive bracing and taping) [56].
Nonoperative therapeutic treatment with exercise regimens should be maxi-
mized when treating these patients in order to enhance joint stability and to
prevent musculoskeletal injury. Weightlifting and strength training can help
stabilize the joint by developing stronger muscles to maintain proper joint
alignment. In particular, the shoulder and knee joints benefit from increased
muscle tone in the rotator cuff and quadriceps, respectively [57]. Resistance
training should consist of open kinetic chain (distal end moves freely) and
closed kinetic chain (distal end meets resistance) exercises. Other physical
therapy involving balance and proprioception exercises may also be helpful in
injury prevention. Water therapy may also be helpful for some individuals,
especially if pain is prohibiting progress.

For acute episodes of pain, NSAIDs or acetaminophen have often been
used. Rest and abstinence from symptom-inducing activity may offer addi-
tional pain relief. In the event of acute injury (such as joint subluxation),
injury-specific physical therapy for treatment is advised [58].

For most, education, activity modification, and exercise therapy are impor-
tant tools in symptom management. However, in some individuals, joint sub-
luxation and repeated episodes of instability may lead to chronic pain and
soft-tissue or osseous lesions, especially in the shoulder (e.g., rotator cuff
injury, glenoid rim defect) and the hip (e.g., labral tear). Consultation with a
pain service may be helpful in some cases. Alternative pain management
options should be considered including biofeedback, acupuncture, and mas-
sage, in addition to physical therapy and pain medications if needed. If con-
servative measures are unsuccessful, consultation with an orthopedic surgeon
regarding surgical intervention may be necessary to improve symptoms and
function. Hypermobility syndrome itself is not a contraindication to surgery;
however, surgical techniques may need to be modified due to the nature of the
tissues in patients with hypermobility syndrome [59]. Patients should also be
counseled that because the underlying cause of joint laxity cannot be altered,
hypermobility may affect surgical outcomes.

83
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Conclusion

Many injuries in the young female athlete are due to overuse, resulting from repeti-
tive stress on the musculoskeletal system that overwhelms the body’s healing mech-
anisms. Especially during times of rapid growth, the young athlete is at particular
risk of injury. These injuries generally build up gradually over time, and thus there
are many opportunities to intervene, prevent progression, and allow for healing.
When injuries do occur, complete rehabilitation is important to help athletes heal
fully and reduce the risk of future injuries.
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Chapter 7
Spondylolysis

Pierre A. d’Hemecourt, Laura E. Gould, and Nicole M. Bottino

Introduction

Back pain in the female athlete is a common complaint. It may represent a simple
muscular or ligamentous injury that will often resolve spontaneously. However, when
pain is prolonged, a number of more significant considerations should be entertained,
including disk pathology, stress fractures, and bone tumors. One common cause of
back pain in the adolescent athlete that should be considered is spondylolysis.
Spondylolysis is an overuse injury to the posterior elements of the spine where a
stress fracture occurs at the pars interarticularis (pars), between the facet joints.
Repeated hyperextension and torsion of the spine are the main mechanisms for this
injury. In this type of motion, the superior facet places an increased load on the pars
[1]. Over time, there is enough stress across the pars that a stress fracture forms.
These stress fractures can occur unilaterally or bilaterally, and can take place at
any level of the lumbar spine. The preponderance of cases, roughly 85-95 %, are
seen at LS. The second most common site is L4, with 5-15 % of cases occurring at
this location [2]. In 4 % of people experiencing spondylolysis, stress injuries occur
at multiple levels [3]. Bilateral involvement occurs in 80 % of cases, and can result
in spondylolisthesis, a slippage of one vertebra anteriorly over the level below it [1].
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Definitions

Pars interarticularis: the area of the vertebrae located between the inferior and
superior articular processes of the facet joints. The pars is situated in the posterior
column of the spine, which is defined as the bony and ligamentous structures poste-
rior to the vertebral body (Fig. 7.1).

Spondylolysis: a stress fracture in the pars interarticularis of the vertebral posterior
elements (Fig. 7.2).

Spondylolisthesis: the slippage that occurs when a vertebra becomes displaced in
relation to the vertebra below it (Fig. 7.3).

Facet joint: also known as zygapophyseal joint, the articulation between the supe-
rior articular process of one vertebra with the inferior articular process of the verte-
bra superior to it.

Stress fracture: also known as fatigue fracture, a fracture in the bone as a result of
repetitive loading of a specific area over a period of time.

Lordosis: the normal sagittal inward curvature of the lumbar spine. When it is exces-
sive it is referred to as hyperlordosis (sway back). Factors that contribute to hyper-
lordosis are anterior pelvic tilt and core imbalance of strength and flexibility.

Kyphosis: the normal thoracic outward curvature. At times it can be excessive and
is referred to as round back. Excessive kyphosis may secondarily increase lumbar
lordosis in order to maintain horizontal vision.

Pars
Interarticularis

Fig. 7.1 Pars interarticularis
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Fig. 7.2 Spondylolysis

Fig. 7.3 Spondylolisthesis
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Epidemiology and Risk Factors

Spondylolysis and spondylolisthesis are the most common causes of back pain in
young athletes. While the most common cause of back pain in adults is disk pathol-
ogy, Micheli and Wood have reported the rate of spondylolysis to be as high as 47 %
in the adolescent athletic population with back pain [4]. When looking at the ado-
lescent population alone, the prevalence of back pain is 45 % in the athletic adoles-
cent in comparison to 15 % in the sedentary adolescent [5]. Anyone who cares for
young athletes should know how to diagnose, treat, and prevent this injury. The
ability to identify risk factors for this condition is an important place to begin.

During growth acceleration, the female athlete experiences several anatomic
changes that increase stress on the posterior elements of the spine. With the adoles-
cent growth spurt, the anterior pelvic tilt increases. Lordosis of the spine progres-
sively increases, which has been shown to result in back pain [14]. This pain may
be due to increased compression of the posterior column and facet joints.

The rate of bony growth during this time exceeds that of musculotendinous
growth. The subsequent muscular imbalance and tightness are seen particularly
with the hip flexors and the thoracolumbar fascia. These changes, combined with
weakness of the abdominal musculature and weakness of the gluteus maximus,
have been shown to increase lumbar lordosis and are associated with back pain [6].
Athletic activity, particularly gymnastics, is an additional factor that has been shown
to contribute to increased lordosis [7]. In female gymnasts participating in greater
than 300 h per year, there was a noted increase in lordosis and kyphosis.

Rapid linear growth during the growth spurt occurs with a much slower acquisi-
tion of bone mineralization; therefore there is temporarily a lower bone density [8].
The combination of these factors follows an order of increased linear growth with
decreased flexibility and temporary bone acquisition and increased anterior pelvic
tilt. See Chapter 1 for additional details on normal growth.

Genetics also contribute to spondylolysis risk to a lesser extent. A study by
Roche showed that in the prevalence of spondylolysis, the racial/ethnic breakdown
includes 6.4 % of Caucasian men, 2.8 % of African American men, 2.3 % of
Caucasian women, and 1.1 % of African American women [9]. Interestingly,
Canadian Inuit Eskimos show the highest prevalence, with a reported rate as high as
50 % [11]. Spondylolysis has a familial association. One study reported spondyloly-
sis in 19 % of first-degree relatives [10].

In the past, sex was thought to be a factor in the development of spondylolysis
because the condition was seen two to three times more commonly in males than
females; however, this is no longer the case [11]. As females have become more
active in organized and competitive sports, the development of spondylolysis is
now just as common in females as it is in males. In addition, sports and activities
such as gymnastics, figure skating, ballet, and other forms of dance, have both a
high level of female athlete participation and a higher incidence of spondylolysis
than other sports [12].

Some spinal deformities have been found to be risk factors in the development of
spondylolysis. The presence of Scheuermann’s kyphosis, a fixed severe thoracic
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outward curvature, has been noted to increase the incidence of spondylolysis by
30-50 % [13, 14]. This is likely due to an increase in lordosis that occurs with
Scheuermann’s kyphosis. Spina bifida occulta has also been related to an increased
incidence of spondylolysis by 3.7 % [15].

The biomechanics of specific sports are also predisposing factors for spondy-
lolysis. Flexion, extension, rotation, and shear forces all play a role in the develop-
ment of spondylolysis [16]. Sports that require a combination of repetitive extension
and rotation of the spine place the greatest stress on the pars and have the highest
incidence of spondylolysis [17]. The initiation of a pars fracture also involves a
tensile force on the ventral aspect of the pars [18]. Sports and activities with the
highest risk for the development of spondylolysis include dance, gymnastics, figure
skating, wrestling, diving, and football, specifically the lineman position. All of
these sports involve extremes of the motions mentioned above [19, 20]. The inci-
dence of spondylolysis has been reported to be as high as 40 % in diving and 32 %
in ballet dancing [21].

Spondylolisthesis

Bilateral spondylolysis occurs in 80 % of cases and can result in slippage of one
vertebra over another, a condition known as spondylolisthesis [1]. The Wiltse
Classification is used to classify the etiology of spondylolisthesis. There are five
types described, with type II being the most common type seen with a sports-related
mechanism. Type I is dysplastic, type II is isthmic (related to overuse of the pars
seen most frequently in the female athlete), type III is degenerative (usually present-
ing during middle age at the L4-5 level), type IV is traumatic, and type V is a patho-
logic fracture. Thirty-two percent of type I fractures are likely to progress with
increasing slippage. Conversely, only 4 % of type II are likely to progress [22].

The Myerding Classification is used to classify the actual degree of slippage that
occurs in spondylolisthesis. It is based on the percentage of slippage of the involved
vertebrae on the vertebrae below it. Grade I is less than or equal to 25 %, grade II is
26-50 %, grade III is 51-75 %, grade IV is 76-100 %, and grade V is greater than
100 %. Grade V is also referred to as spondyloptosis [23].

Clinical Presentation

In the adolescent athlete, back pain typically begins during sports activities, particu-
larly those involving lumbar extension. The pain generally develops gradually with
increased activity. Spondylolysis is an overuse injury that develops over time; how-
ever, patients often recall a particular injury or competition when the pain began.
The location of pain is usually described as either central or off to one side with
radiation to the buttocks or proximal extremity. In the early stages, the pain resolves
after activity. However, as the spondylolysis progresses, it can persist after activity,
even at rest. Neurologic signs are rare and are more often present in a high-grade
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Fig. 7.4 Stork test

spondylolisthesis or disk herniation. However, sciatic symptoms occasionally occur,
presumably secondary to the site of the fracture being one wall of the neuroforamina.

There are a number of common physical examination findings associated with
spondylolysis. Patients typically do not have tenderness with palpation along the
spine unless there is overlying spasm of the paraspinous musculature. Patients gen-
erally have no pain with flexion, but significant pain with hyperextension.
Hyperextension of the spine with the patient standing on one leg (Stork test) helps
to illicit information about the side of the spondylolysis (Fig. 7.4); pain on the
weight-bearing side is indicative of a fracture [24]. In the athlete with spondylolis-
thesis, there may be a palpable step off with higher grades of slippage. Patients also
commonly present with tight hamstrings. The strength and flexibility of the athlete
should always be assessed in order to identify any abnormalities and to structure a
regimented physical therapy program. A tight iliopsoas combined with weak gluteal
and abdominal muscles can result in an anteriorly rotated pelvis with increased
lordosis contributing to the progression of the spondylolysis [25].

Differential Diagnosis

There are several other diagnoses that the clinician must consider when seeing the
female athlete with extension-based back pain. These include lumbar disk injuries,
sacroiliac instability, lordotic low back pain, and segmentation abnormalities.
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While lumbar disk-related pathology is uncommon in children and young
adolescents, it may occur. Typically, patients present with worsened pain on flexion,
such as during sitting. However, central disk protrusion may elicit pain on
extension, causing some clinical confusion.

Another entity involving the disk in the young athlete is referred to as atypical
Scheuermann’s disease. Typical Scheuermann’s disease is a kyphosis, which involves
pathologic changes in the upper thoracic spine; this condition occurs when the disk
compresses the soft growth plate of the vertebral endplate and causes wedging in the
bone. When these changes occur in the upper lumbar and lower thoracic spine, they are
often painful and result in a more flat back appearance, called atypical Scheuermann’s.

Athletes with any type of lumbar injury may develop atrophy of the lumbar exten-
sor musculature due to pain inhibition and disuse. This atrophy may result in some
degree of sacroiliac instability, which typically presents with pain at the superior
buttocks adjacent to the L5 region. Pain often increases with lumbar flexion as well
as extension. A sacroiliac (SI) provocation maneuver, such as the thigh thrust or
thigh compression test, can be helpful to distinguish between SI instability and spon-
dylolysis. This maneuver involves having the supine patient flex both her hip and
knee to 90°. The clinician then pushes the thigh posteriorly into the pelvis. Pain at the
posterior superior iliac spine marks a positive test for SI instability.

Another possible diagnosis to consider is lordotic low back pain, which generally
presents with diffuse, multilevel back pain and significant lordosis. Palpation may
reveal tender posterior elements along the entire lumbar spine, including the facet
joints and spinous processes. Apophysitis of the growth cartilage of the spinous
processes can result in discomfort and tenderness to light palpation directly over the
spinous processes, which would not be expected with simple spondylolysis. Most
commonly, these diagnoses are made after spondylolysis has been ruled out.

Abnormalities of segmentation of the lower lumbar spine are common. These
include lumbar super-segmentation with a lumbarized S1 (i.e., “L6” is not incorpo-
rated into the sacrum), which is not commonly associated with back pain.
Conversely, incomplete segmentation of L5 is associated with a unilateral bony
bridge from L5 that remains in continuity with the sacrum and creates a pseudoar-
throsis. This pseudoarthrosis is a common cause of back pain in the athlete and
often presents in a similar fashion to spondylolysis or SI pain with pain on hyper-
extension. It is identified by plain radiographs, and the pain often correlates with
the area of pseudoarthrosis.

Diagnostic Testing

In order to confirm the diagnosis of spondylolysis, imaging is often needed if the
pain is more than 3—4 weeks in duration. Plain radiographs may be the first line of
imaging although they are not sensitive for picking up the disease process. The
oblique view may yield the “collar on the scotty dog” but has been shown to be only
32 % sensitive and adds unnecessary radiation [26]. Many clinicians will now
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simply avoid the initial radiographs in cases of prolonged extension-based back pain
in the young athlete and go straight to advanced imaging. However, plain radio-
graphs with anteroposterior and lateral views are useful in detecting spondylolisthe-
sis and transitional vertebrae (incomplete segmentation of vertebrae).

If suspicion is high, the most sensitive test is single-photon emission computed
tomography (SPECT) [27]. SPECT scanning can also evaluate osseous healing as it
is able to evaluate metabolic activity of bone [28]. In addition, it can be helpful in
looking at other etiologies of pain such as SI pain, osteoid osteomas, and transi-
tional vertebrae pseudoarthrosis [29]. However, there is a significant exposure to
radiation with bone scans, which should be considered.

Magnetic resonance imaging (MRI) is commonly used for detecting spondyloly-
sis. MRI can detect bone marrow edema in the pedicle and pars region to identify
the disease process at an early stage [30]. The MRI techniques involve a sagittal
STIR image that looks at pedicle edema, as well as axial T1 and T2 sequences. The
STIR images demonstrate the acuity of the pars involvement much like the bone
scan. Early detection of a stress reaction through MRI may prevent exacerbation of
the condition and development of a pars defect [31]. MRI tends to be a preferred
method of imaging in young athletes, as it does not involve radiation exposure. It
can also help detect other pain generators, such as disk pathology or other lesions in
the bone or soft tissue. At this time, many clinicians will use the MRI as the first line
of imaging in athletes with persistent extension-based back pain.

Despite its many advantages, MRI is not as accurate as computed tomography
(CT) in demonstrating bony detail. Once a fracture is detected, CT can classify
lesions as early, progressive, or chronic. This characterization of the fracture can
help to predict which fractures will heal. One study demonstrated healing in 73 %
of early fractures, while only 39 % of progressive fractures healed, and none of the
terminal or bilateral fractures healed [3]. Unfortunately, CT scanning involves radi-
ation exposure. The amount of radiation is best minimized by scanning only the
vertebral level of concern.

In the authors’ experience, a limited CT of the affected level is used at times if
the fracture is not responding in a clinically favorable manner. If the patient has
persistent pain after 6-8 weeks of treatment, a CT may help provide more informa-
tion for prognosis. An initial CT at the time of diagnosis is usually not needed.

Treatment

There is some controversy and variability in the treatment of spondylolysis.
Treatment regimens vary in terms of brace utilization, activity modification, and
physical therapy. Research does not support the superiority of one specific treatment
over others; however, many studies have not adequately differentiated patients by
age and fracture acuity. Furthermore, bony union is desirable, but fracture healing
has not been correlated with successful outcomes [32]. Nonetheless, the clinician
should attempt to gain a bony union when able. It is likely that the younger athlete
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with an early phase fracture will heal with a bony union. Those with a subacute or
more chronic fracture may not attain a bony union, but usually do well with a stable
fibrous union [33]. When considering treatment options, the principals remain the
same, and each case should be evaluated and treated based on presentation.

Most treatment plans begin with activity modification. Some providers opt to
restrict all sports and physical activities until the patient is pain-free, while others
may choose to restrict only those activities that cause pain. Some providers suggest
additional time out of sports even after the patient’s pain has resolved. Most proto-
cols utilizing only activity modification will recommend that the athlete remains out
of sports for 3—4 months [34]. In one study on pediatric soccer players, those ath-
letes who did not adhere to activity modification demonstrated diminished athletic
performance [35]. When the Boston Overlap Brace (BOB) protocol is used as
described below, the athlete will typically be out of sports for 4—6 weeks before
returning to the athletic arena as tolerated.

The use of a brace in treating spondylolysis remains somewhat controversial.
There has not been a definitive study demonstrating improved healing with or with-
out bracing. Nonetheless, one retrospective study showed the utilization of the hard,
customized BOB allowed early return to sports at 4—6 weeks while continuing brace
use [36]. Bracing may consist of either a hard lumbosacral orthosis (LSO), the most
common of which is the BOB, or a less rigid transitional brace.

There are three basic protocols for brace utilization. The first and one of the more
commonly used regimens does not involve using a brace unless the patient has per-
sistent symptoms after 3—4 months [37]. However, this approach often involves a
more prolonged period of activity modification.

The second bracing protocol utilizes a smaller transitional brace along with
activity modification for 6-8 weeks. At that time the athlete is assessed for contin-
ued pain and dysfunction. If pain persists, especially on lumbar hyperextension, the
more rigid BOB is then utilized. This bracing would be combined with activity
modification and maintained for an additional 6-8 weeks [2].

The third bracing protocol is the one the authors most often recommend. This
utilizes the BOB after confirmation of the diagnosis. The patient is generally placed
in the brace for 23 h/day, coming out only to shower and begin anti-lordotic physical
therapy exercises. The athlete is reevaluated at 4-6 weeks [34]. If she is pain-free at
that time and demonstrates no pain on lumbar extension, the brace is trimmed later-
ally and the athlete is allowed to return to sports in the brace. It is emphasized to the
athlete that this return to activity is dependent on remaining pain-free, wearing the
BOB brace, and continuing with a regular physical therapy program. At this point,
some providers will allow the athlete to come out of the brace at night. Most athletes
are able to participate in their sport and activities in the brace, but some sports such
as gymnastics and dance will be significantly limited by brace wear. At this 4—-6 week
mark, the core stabilization is advanced to incorporate all of the lumbar extensors,
while limiting hyperextension. With brace wear, it is crucial to avoid erector spinae
and multifidi atrophy.

For most athletes using this protocol, the brace is continued for 3—4 months.
However, in some circumstances, shorter treatment periods of 6—8 weeks may be
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considered; these shorter periods of brace use may be utilized in cases of stress reac-
tion with no identified fracture, or subacute fracture with minimal edema on the T2
MRI signal. Early fractures may heal in as little as 3 months, whereas more chronic
fractures can take up to 6 months to heal [38].

The athlete is reevaluated at 3—4 months from brace initiation to identify any
residual pain as well as to assess strength and flexibility. If the athlete is pain-free
and demonstrates good strength and flexibility, the brace is weaned off over the next
2-3 weeks. A smaller, less restrictive Velcro transitional brace for sports only may
be considered. Most importantly, education regarding repetitive extension-based
activity should be given in order to prevent recurrence.

Patients with persistent pain at this 3- to 4-month point should be evaluated for
adherence to brace use and physical therapy. Providers should also consider persis-
tent fracture and other pain generators, such as facet arthropathy or SI joint pain.
Surgical consideration may be necessary at this stage. In patients with persistent
pain and with non-union of the fracture, a bone stimulator may be considered to
advance healing. While bone stimulators have not been shown to expedite healing
in the acute phase of spondylolysis, there is evidence to suggest improved bony
healing in chronic cases [39].

When considering other potential contributors to the pain, PT modifications and
steroid injections can be utilized. PT can be directed at peri-pelvic strengthening as
well as SI stabilization. Alternatively, SI or facet injections can be both diagnostic
and therapeutic.

There are a few complications that can arise despite treatment. In general, the
outcome of unilateral pars fractures is good [2]. However, up to 25 % of cases can
develop a stress response or fracture in the contralateral side leading to bilateral
fractures. In addition, patients with bilateral pars defects can also develop spondylo-
listhesis. These often do not progress after diagnosis.

Surgery is sometimes considered in cases of spondylolysis and spondylolisthe-
sis. Surgery is reserved for truly refractory cases despite full conservative manage-
ment of at least 6—12 months of treatment. Other considerations for surgery include
progression of spondylolisthesis, a related neurologic deficit, or refractory radicular
symptoms [40]. The surgical treatment may involve a fusion or in some cases a
direct pars repair. Indications for a direct repair include minimal disk degeneration
and less than 3 mm of spondylolisthesis [40]. Return to sports after surgery is often
in the 6-12 month range.

Conclusion

Spondylolysis is an overuse injury to the posterior elements of the spine in which a
stress fracture occurs at the pars interarticularis of the vertebra. Repeated hyperex-
tension and torsion of the spine, which are common movements in many different
types of sports, are the main mechanisms for this injury. The young female athlete
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is at particular risk for spondylolysis, especially during times of rapid growth with
concurrent core weakness and muscle tightness.

When spondylolysis does occur, the best treatment starts with early detection to
avoid prolongation of symptoms and progression of the injury. Treatment centers on
limitation of extension and initiation of anti-lordotic and core stability exercises.
Activity modification is usually a temporary but important element of treatment.

These stress injuries are best prevented with good core stabilization and limita-
tion of hyperextension in the growing athlete. Therefore, it is necessary to recognize
risk factors and treat the core instability, poor biomechanics, and muscular imbal-
ances that can predispose young athletes to injury. Many of these risk factors can be
identified through a thorough preparticipation exam.
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Chapter 8
Hip Injuries in the Young Female Athlete

Sasha Carsen and Yi-Meng Yen

Introduction

Growing sports participation among children and adolescents has been met with
improvement in awareness, understanding, diagnosis, and management of hip injury
for the young female athlete. Advances in imaging technology have also increased
understanding of hip and pelvis pathology [1-4].

Injuries around the hip can be the result of a single traumatic event or repetitive
microtrauma. The majority of injuries around the hip in children are soft tissue,
apophyseal, or bony injuries that require supportive management with only a small
minority of injuries ever requiring surgical intervention. Important considerations
in the young female athlete include their skeletal maturity, status of their growth
plates, physiological maturity, and underlying bone health. This chapter focuses on
common injuries that occur to the hip joint and to surrounding structures in the
pediatric, adolescent, and young adult female athlete.
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Definitions

Athletic pubalgia: a non-specific term that refers to pain in the area of the groin.

Coxa saltans: also known as snapping hip, a condition that refers to a snap or pop
of the hip as it moves through particular positions. It is most often due to a tendon
or other soft tissue snapping over a bony area.

Labral tear: a tear of the fibrocartilagenous ring that is located along the perimeter
of the acetabulum known as the labrum.

Femoroacetabular impingement (FAI): Abnormal contact or rubbing of the hip joint
due to the shape of the proximal femur, the acetabulum, or both, which can cause
pain and damage to the joint.

Slipped capital femoral epiphysis (SCFE): A fracture through the growth plate of
the proximal femur.

Physical Examination and Diagnostic Evaluation

As with all injuries, it is important to understand the history and determine whether
symptoms followed acute trauma or developed over time. Awareness of the mecha-
nism of injury and the energy involved allows for better understanding of the sub-
sequent changes to the hip joint structures. Relevant elements of the history unique
to the female athlete’s hips include a menstrual history, known hip disease or
pathology (e.g. dysplasia or impingement), and past history of stress fracture or
other injury. Family history can be important, in particular if there is a family his-
tory of hip dysplasia or early-onset hip disease. Location and character of pain
should be identified, though at times they can be difficult to interpret because of the
variable radiation and referral patterns of pain in and around the hip. The classic
description of intra-articular hip pain is the “C sign” where the patient uses her
hand in the shape of the letter C to indicate that the area of pain is deep in the hip,
anterior and posterior to the greater trochanter [5] (Fig. 8.1). It is important to
remember that pathology of the hip can sometimes be expressed as symptoms of
the knee or lower back. Knee pain without findings or pathology in the knee should
always prompt evaluation of the hip.

A complete examination of the hip includes evaluation of the pelvis, as well as
joints above and below the hip, specifically the lumbar spine and knee. Observation
of the athlete’s gait can provide insight, as a Trendelenburg gait (weak abductor
gait) may point to a more chronic weakness or inhibition of the abductors, as
opposed to an acutely antalgic or pain-avoidance gait. Trendelenburg sign, a single
leg stance with a sagging pelvis to the contralateral side, may point to a more chronic
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Fig. 8.1 The C sign is
commonly used by patients
to indicate that pain is felt
deep in the hip

weakness or inhibition of the abductors (Fig. 8.2). A detailed neurovascular exami-
nation of the lower extremities should be included, and testing for general ligamen-
tous laxity may also provide helpful information, especially in the young female
athlete. Please see Chapter 6 for more information on ligamentous laxity.

Asking the patient to identify the area of pain or recreate the painful movement
can provide useful information as part of the physical examination. Tests for the
hip include checking range of motion and evaluating for tightness or contractures
in muscles crossing the joint. The log roll test of the lower extremity refers to
gently rolling the limb such that rotation occurs through the hip, and is relatively
specific for intra-articular pathology [5, 6]. The impingement or FADIR (Flexion,
Adduction, Internal Rotation) test is quite sensitive for hip injuries and disorders,
but not specific [5, 6]. The FABER (Flexion, Abduction, External Rotation) test
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Fig. 8.2 Trendelenburg Sign: pelvis sagging on contralateral side

can be used to stress the hip, the sacroiliac (SI) joint, and the hip adductors
(Fig. 8.3).

Standard radiographs are typically the first line of imaging, starting with an AP
radiograph of the pelvis, which provides full visualization of both hip joints [7].
A lateral radiograph of the hip in question is required in order to obtain orthogo-
nal visualization. In the setting of acute injury, a frog-leg lateral or cross-table
lateral is most appropriate. If assessing possible impingement morphology, a
Dunn lateral view is best, while possible dysplasia may require a false-profile
view. Discussion with a radiologist can help to determine the most appropriate
views (Figs. 8.4, 8.5, and 8.6).



Fig. 8.3 The FADIR or impingement test is sensitive, but not specific, for hip injuries

Fig. 8.4 The AP, Dunn lateral, and false-profile are common radiographic views used to evaluate
the hip joint. The AP radiograph demonstrates a center edge angle of 25° on the right side, mea-
sured by taking the angle between a line drawn from the center of the femoral head to the lateral
edge of the acetabulum and a perpendicular line from the center



106 S. Carsen and Y.-M. Yen

Fig. 8.5 The Dunn lateral radiograph shows a large cam deformity on the right side (circled) as
well as on the left, at the femoral head-neck junctions

Fig. 8.6 The false profile view of the hip

Muscle Injury

Muscle strains and contusions are common in the young athlete [8]. They can result
from trauma or be associated with previous injury, fatigue, weather conditions, and
uneven surfaces, among other factors [9]. Diagnosis is largely via history and physi-
cal examination. Muscle strains occur most commonly around the hip when mus-
cles are fired while being lengthened, known as eccentric contraction. Muscle strain
usually presents with sudden onset, localized pain and tenderness of the affected
muscle, and varying degrees of ecchymosis. The athlete is often unable to continue
the activity immediately after the injury. A contusion, on the other hand, is due to
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direct contact, and is more likely to allow a return to play. Treatment for muscle
injury involves early compression and icing to control bleeding and swelling, as
well as use of non-steroidal anti-inflammatories (NSAIDs). Immobilization and
partial weight-bearing can be used initially to help provide comfort and protection,
followed by early range of motion, gentle stretching, and progression to strengthening
when muscle pain is absent [10]. Functional activities can start once strength has
returned. Surgical intervention is rarely indicated.

Hip Bursitis

Hip bursitis refers to the inflammation of one of the major bursa, typically either the
iliopsoas bursa or the greater trochanteric bursa. Causes of bursitis include chronic
microtrauma, arthritis, regional muscle dysfunction, overuse, and acute injury [11].

The iliopsoas bursa is the largest synovial bursa in the body, located between the
iliopsoas tendon and the lesser trochanter, extending upward into the iliac fossa
beneath the iliacus muscle. Iliopsoas bursitis causes pain in the anterior groin, ten-
derness to palpation over the lesser trochanter and pain with resisted hip flexion [12].

The greater trochanteric bursa is located on the lateral side of the greater trochan-
ter and cushions the gluteal tendons, iliotibial band, and tensor fascia latae.
Symptoms of trochanteric bursitis include pain on the lateral aspect of the hip and
thigh, pain when moving from sitting to standing, and pain while walking up stairs.
Pain may be elicited on examination by having the patient lie on her side and repro-
duce the motion of riding a bike.

Bursitis can cause erythema, swelling, and warmth over the involved area.
Diagnosis is usually clinical and imaging is often unnecessary. Plain radiographs
can be used to rule out other pathology, and in chronic cases may show calcifica-
tions. Ultrasound or magnetic resonance imaging (MRI) can be used to localize
areas of inflammation if necessary. Treatment of isolated bursitis involves rest, ice,
NSAIDs, gentle stretching, and physical therapy. Corticosteroid injections may help
to decrease inflammation and pain. In recalcitrant cases, surgical bursectomy or
tendon release may be helpful [13-16].

Athletic Pubalgia

Athletic pubalgia is a general term for pain around the groin, which can refer to a
variety of conditions including osteitis pubis, adductor dysfunction, sports hernia,
or other pelvic/abdominal muscular injury.

Adductor dysfunction causes tenderness localized to the adductor longus inser-
tion, and on examination there is pain with adduction against resistance and with
stretch in abduction. This is usually treated with non-operative management includ-
ing rest and physical therapy. Occasionally, the use of injected corticosteroids can
give relief [17], while adductor tenotomy (tendon release) has been shown to pro-
vide long-term relief in recalcitrant cases [18, 19].
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Osteitis pubis is inflammation at the pubic symphysis, which causes localized
tenderness to palpation. Chronic osteitis pubis can cause resorption at the pubic
symphysis visible even on plain radiographs [20, 21] and a “secondary cleft sign”
on MRI, which refers to fluid signal extending inferolaterally from the pubic sym-
physis, indicating inflammation and possible chronic maceration at the joint [22].
In acute cases, edema can be seen around the pubis on MRI [23]. Osteitis pubis is
generally treated with rest and physical therapy [24], and with injections [25] and
surgical intervention [26] in recalcitrant cases.

While the term athletic pubalgia can encompass a variety of conditions, the most
common is the “sports hernia” [27]. It is a syndrome that results from weakness of the
posterior wall of the inguinal canal that results in both nerve irritation and disruption
and instability of the muscular attachments [28, 29]. Athletic pubalgia can be thought
of as an overuse injury [30] in which the muscular attachments of the pelvis are unbal-
anced and lead to a loss of postural control and increases in the shear forces across the
pelvis. Most patients report insidious unilateral, dull, achy pain in their groin that is
significantly exacerbated by activities such as running, cutting, or twisting. Coughing,
sneezing, and other Valsalva-type maneuvers usually worsen the pain. Physical
examination can show tenderness over the conjoined tendon, adductor origin, distal
rectus insertion, and inguinal canal. It is important to distinguish athletic pubalgia
from an inguinal or femoral hernia. Newer MRI imaging can be useful, showing rec-
tus abdominis tendon injury and subtle abnormalities of the myofascial layers of the
abdominal wall [31]. Prevention with core and hip stability and flexibility is para-
mount in decreasing the incidence of athletic pubalgia [32]. Non-operative measures
include rest, anti-inflammatories, strengthening of core musculature, and postural
control [33]. Referral to a general surgeon should be considered if non-operative
treatment has failed after 3—6 months and other diagnoses have been excluded.

Snapping Hip (Coxa Saltans)

A “snapping hip” refers to the finding of a “snap” or “pop” of the hip, often audible
or even visible, as it is brought though a specific range of motion. The most common
cause is a tendon or soft tissue snapping over a bony surface. Snapping hip, or coxa
saltans, is typically atraumatic in origin, and can be classified as being external,
internal, or intra-articular. Snapping hip can be painless, mildly uncomfortable, or
very limiting. It is often exacerbated by activities such as dancing or running up or
downbhill.

History and physical examination are typically diagnostic for the location and
cause of the snapping hip. Coxa saltans externa is most common, and involves the
posterior border of the iliotibial band or the anterior border of the gluteus maximus
tendon snapping over the greater trochanter when the hip is flexed from an extended
position or with internal and external rotation while the hip is extended. The snap-
ping is often visible as the iliotibial band snaps over the greater trochanter [34].
Patients with external snapping hip can often reproduce the symptoms voluntarily.
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More commonly painful and audible is coxa saltans interna, which is caused by
the iliopsoas tendon snapping over the iliopectineal eminence near the anterior ace-
tabulum or over the femoral head [35]. Internal snapping hip occurs when moving
the hip from a flexed and abducted position to an extended and adducted position.
This can oftentimes be seen by dynamic ultrasonography. Finally, intra-articular
snapping hip, which is less predictable, can be secondary to a synovial plica or intra-
articular pathology, such as a loose body or labral/chondral flap [36].

Initial management includes physical therapy for stretching of the iliotibial band
or iliopsoas. Anti-inflammatory medications, rest, and bursal injections [13] can
also be effective. If conservative management does not relieve the symptoms, surgi-
cal intervention may be considered. Open surgical approaches involve lengthening
or release [37, 38] and have also been described in adolescents [35]. Retrospective
study of open surgical correction of coxa saltans interna has shown high patient
satisfaction rates, despite a relatively high complication rate [39]. Arthroscopic
treatment has shown some good outcomes in both interna and externa [14, 40].
Intra-articular snapping can be caused by a loose body, chondral flap, labral tear or
synovial plica; these conditions require further diagnostic work-up such as MRI and
are far more likely to require surgical intervention [41].

It should be emphasized that physical therapy, rehabilitation, and non-invasive
techniques are successful in the treatment of snapping hip for the majority of
patients. Dancers in particular should be treated non-operatively with physical ther-
apy. Laible et al., in the largest series of dancers treated for snapping hip, found that
non-operative treatment was ultimately successful in all dancers [42].

Avulsion Injury

Avulsion injuries around the pelvis are quite common in skeletally immature
athletes, particularly in those approaching skeletal maturity [43]. This is due to the
inherent weakness of the open apophysis relative to the stronger tendon attachment.
Avulsions are most often secondary to sudden forceful muscle contraction as can be
seen with kicking, jumping, and rapid acceleration and deceleration sports, such as
soccer, gymnastics, sprinting, rugby, and hockey.

Common sites of avulsion injury around the hip and pelvis include the ischial
tuberosity (hamstring attachment), the anteroinferior iliac spine (rectus femoris
attachment), anterior superior iliac spine (sartorius attachment), iliac crest (abdomi-
nal musculature attachment), lesser trochanter (iliopsoas attachment), or greater
trochanter (abductor muscle attachment) [44].

Clinical presentation typically follows a traumatic incident with an acute onset of
localized pain and the description of a “pop.” Palpation and passive stretching of the
muscle is typically quite painful, and patients will assume a position that places the
least amount of tension on the involved muscle. Radiographs of the region assist with
diagnosis. They are used to gauge the size of the fragment and the degree of displace-
ment, and they serve as a baseline to monitor for future healing or displacement.
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Principles of treatment include relative rest, icing, and possibly reduced
weight-bearing. The vast majority (>90 %) can be successfully treated non-opera-
tively, with mean times of healing and return to sports under 3 months [45].
Rehabilitation is progressive, with return to sport only once full pain-free range of
motion is restored. Fragment displacement greater than 2 cm can be a relative
indication for surgery. Also, avulsions of the ischial tuberosity are at a greater risk
of requiring surgical intervention [45]. Due to the risks of proximal hamstring
syndrome and chronic irritation of the nearby sciatic nerve, there is an ongoing
debate regarding both the timing and indicators for intervention in ischial tuberosity
avulsions [46-48].

Iliac Crest Apophysitis

Apophysitis of the iliac crest is an inflammatory overuse injury of the adolescent
athlete with an open iliac crest apophysis. It involves pain along the iliac crest,
which can be very tender to palpation. Generally there does not tend to be a specific
injury, but rather an insidious onset and development of pain. It can often be linked
to a recent change in training technique or an increase in intensity. Radiographs are
usually normal or show only mild widening of the iliac apophysis. Treatment begins
with relative rest and activity modification, cold therapy, anti-inflammatory medica-
tion, and physical therapy for muscle-stretching exercises. Return to full activity is
dependent on symptoms and is widely variable, but can range from 6 weeks to sev-
eral months. Recalcitrant aphophysitis has shown some potential benefit from bone
stimulator treatment [49], though its use is still investigational.

Stress Fractures and Injuries

The young female athlete is at particular risk for stress injury, especially during
adolescence. In addition to the physiological changes that occur, there are increas-
ing levels of training and competition during roughly the same time period. When
treating the young female athlete, one must always have a low threshold for
suspecting a stress injury or fracture. In the hip and pelvis, in particular, such a
diagnosis is important in order to help prevent or mitigate the effects of a potentially
significant injury. Stress fractures of the femoral neck are seen most commonly in
distance runners and young people enlisted in the military [50, 51], but the inci-
dence of femoral neck stress fractures specifically in young female athletes has also
been reported to be significant [52].

Stress fractures occur due to abnormal forces on normal bone (fatigue fractures)
or normal forces on abnormal bone (insufficiency fractures) [53]. Overuse and stress
injuries are a result of repetitive microtrauma damage that exceeds the body’s ability
to repair and remodel. The most common sites of stress fracture in the hip are in the
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femur, pubic rami, iliac crest, and sacroiliac joints [54]. Stress fractures of the femo-
ral neck are particularly important because they often go unrecognized and untreated
and can lead to the potentially devastating consequence of an acute femoral neck
fracture [55, 56]. Female athletes are at a particular risk of developing stress frac-
tures in the setting of the Female Athlete Triad (Triad), the interrelationship of
decreased energy availability with or without an eating disorder, menstrual irregu-
larity, and low bone mineral density [56—58]. The Triad should always be consid-
ered when evaluating a young female athlete and her risk for stress fracture. See
Chapter 5 for additional information on the Triad. Additional risk factors for stress
fracture include chronic glucocorticoid use, smoking, endocrine disorders, malab-
sorption syndromes, and calcium deficiencies [S9—61].

Stress fractures of the hip often present with only subtle symptoms, such as
vague groin discomfort worsened with activity, making the diagnosis difficult.
Patients often provide a history of a recent increase in training frequency or intensity.
As the fracture worsens, pain may occur earlier or even at rest. On physical exami-
nation, pain may be reproduced at the extremes of range of motion, in particular
with impingement testing or simple internal rotation [62]. A positive Trendelenburg
test, inability to straight leg raise against resistance, or inability to hop on the
affected side should raise suspicion of a possible stress fracture [63]. Plain radio-
graphs are often negative in the acute setting, and advanced imaging, such as MRI
or bone scan, may be required.

Management of a hip stress fracture is based upon the location, chronicity and
causative factors, but they require urgent orthopedic or sports medicine consultation
and immediate non-weight-bearing status on the affected side. Femoral neck stress
fractures in the young female are most likely to occur on the compression (inferior
and medial) side of the femoral neck, and are most often treatable non-operatively
[64, 65]. Non-weight-bearing and relative rest are important until radiographic and
clinical union is achieved. Assessment and treatment of any underlying predispos-
ing disorder is important to allow both healing as well as to prevent recurrence.

Acute Fractures and Dislocations

Fractures around the hip and pelvis are relatively rare in the adolescent and pediatric
population. These fractures usually result from high-energy trauma or fall from a
height, rather than from participation in sports. However, due to increased joint lax-
ity, traumatic hip dislocation can occur secondary to a low-energy injury in children,
and can result from sports injuries or falls from relatively low heights [66, 67].
Most hip dislocations occur posteriorly [67, 68], and the hip is usually held in
flexion, adduction, and internal rotation. Neurovascular status must be documented
thoroughly, and mechanism of injury and possible blunt trauma to the ipsilateral knee
should be noted. Radiographs of the pelvis and/or hips are generally diagnostic; how-
ever, advanced imaging, such as computed tomography (CT) scan or MRI, can be
helpful when radiographs are negative but fracture or spontaneously reduced dislocation
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is suspected. CT and MRI can also be used to detect bony fragments within the joint
and concomitant injuries.

Fracture of the pelvis or femur and dislocation of the hip require immediate
orthopedic consultation to evaluate the need for urgent surgical intervention. For
example, traumatic hip dislocation requires an emergent closed reduction within the
first 6 h after injury to minimize the risk of avascular necrosis [66, 68]. Closed
reduction should be performed in a controlled environment by experienced clini-
cians. Open reduction is occasionally required if the hip is irreducible or if soft
tissue or bony fragments are interposed between the head and acetabulum.

The major complication after a dislocated hip is avascular necrosis of the femoral
head [66, 67, 69, 70]. Other complications include sciatic nerve injury, post-traumatic
osteoarthritis, coxa magna, heterotopic ossification, and recurrent dislocation.

Pathological and Neoplastic Conditions

Although rare, pathological conditions in and around the hip can be a cause of hip
pain. Adolescents and young adults are at a relatively increased risk of such lesions
as they happen with greater frequency in the periods of maximal growth. The vast
majority of these lesions are benign, such as non-ossifying fibromas and bone
islands; many are found incidentally and do not require any management other than
reassurance. Atypical pain or symptoms, especially night pain or constitutional
symptoms, such as fevers, warrant further investigations, starting with plain radio-
graphs. Simple (unicameral) bone cysts, chondroblastomas, and osteoid osteomas
are examples of benign lesions that require assessment by an orthopedic surgeon.
Malignant lesions include Ewing’s sarcoma, osteosarcoma, and metatstatic disease,
all of which require urgent referral to an orthopedic oncology team [71]. If the his-
tory or the physical examination is concerning, advanced imaging, such as MRI, CT
scan, or bone scan, may be indicated.

Developmental Dysplasia of the Hip

Dysplasia of the hip exists along a spectrum, with the dislocated hip existing at the
extreme. More common, however, is the mildly dysplastic hip that is minimally
symptomatic through childhood and is diagnosed during adolescence or young
adulthood as a relative under-coverage of the femoral head and a potential source of
pain. Relative under-coverage can lead to relative instability of the hip, labral
pathology and tearing, and even early osteoarthritic changes due to abnormal hip
loading and biomechanics. Young active females are the prototypical group to
develop symptoms, and there is often a family history of hip dysplasia or early
arthritis of the hip [72]. In addition to physical examination, preliminary assessment
requires radiographs of the pelvis and hips. On the PA pelvis radiograph,
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a centre-edge angle (measuring from the center of the femoral head to the edge of
the weight-bearing acetabulum) of less than 25°, or a roof-arc angle of greater than
10°, are indicators of possible under-coverage, as is an anterior center-edge angle of
less than 20° on a false-profile lateral view of the hip [7]. Suspected dysplasia or
under-coverage should be referred to an orthopedic surgeon, preferably one with
experience in hip preservation. There may be a role for hip preserving techniques
such as re-directional osteotomies.

Labral Tears

The acetabular labrum refers to the fibrocartilagenous ring that runs along the
outside edge of the acetabulum. It functions to deepen the acetabulum and provide
enhanced joint stability, as well as create a type of fluid seal of the hip [73-75]. The
labrum is subject to significant stress and can be torn, especially in the setting of
anatomic morphologies like femoroacetabular impingement (FAI) or dysplasia
[76]. Labral tears can lead to pain, clicking, and/or locking of the hip, and they are
most frequently seen in the antero-superior labrum [77]. Labral tears are identified
most commonly and easily through the use of MR-arthrograms, but they may also
be detected without contrast in the setting of an experienced musculoskeletal radi-
ologist and a high-powered MRI [78, 79]. Isolated symptomatic labral tears are far
less common than tears that accompany an underlying anatomic predisposition,
such as FAI or dysplasia. Therefore, radiographs are important in assessing the
anatomy of the hip. Arthroscopic management and repair of symptomatic labral
tears is now generally the standard of care for the young athlete, with good reported
results [80-83]. In some cases with significant underlying anatomic abnormality,
there may be a role for open surgery.

Femoroacetabular Impingement (FAI)

FAlIrefers to dynamic impingement of the hip joint secondary to osseous morphology
of the proximal femur, the acetabulum, or both. Impingement exists near the end of
the range of motion of the hip, such that the bone of the femoral head—neck junction
abuts the anterior rim of the acetabulum. This impingement can cause damage of the
hip joint and pain with repetitive motion. FAI has not only been implicated in the
development of osteoarthritis, but it is also recognized as a significant cause of hip
pain in the adolescent population [84]. It is the most commonly found underlying
pathoetiology for labral tears and early cartilage damage [85, 86]. FAI morphology
includes relative over-coverage from the acetabulum (pincer impingement), a
“bump” on the femoral head—neck side (cam impingement), or, as is seen most
often, both (mixed impingement) (Fig. 8.7) [87].
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Fig. 8.7 Morphology of the hip

Patients often present with insidious onset of groin pain that worsens with activi-
ties. A concomitant labral tear is also common. FAI is a dynamic finding, and
decreased hip flexion, limited internal rotation, and a positive impingement test
(flexion, adduction, and internal rotation) are typical. Radiographic imaging should
include an AP of the pelvis and orthogonal views of the hip, including Dunn lateral
views of the hips if cam impingement is suspected [7]. MRI and MR-arthrogram are
important for evaluation of the intra-articular cartilage and labrum [88]. Treatment
of FAI depends on severity and associated pathology. Non-operative treatment
includes physical therapy with focus on hip muscle flexibility and strength, pelvic
tilt, posture, and core strengthening. Surgical management may be necessary for
recalcitrant or more severe cases in order to address both the soft tissue pathology,
such as labral tears, as well as the underlying osseous morphology [85]; results in
the adolescent population have been positive and encouraging [89].

SCFE

Slipped capital femoral epiphysis (SCFE) is a shear fracture through the physis of
the proximal femur. The femoral head is displaced posteriorly, and the femoral neck
and remainder of the lower extremity move anteriorly and externally rotate [90].
Though SCFE is a fracture through the growth plate, it can be acute or chronic, and
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patients most commonly present without any history of trauma [91]. This condition
is often described in overweight, African American adolescent males; however, it
can also be seen infrequently in young female athletes [4]. Patients may present
with pain in the groin with activity or weight-bearing, but radiating pain felt more
in the knee or lower back is also common. SCFE is clinically classified as either
stable or unstable, based on the patient’s ability to bear weight on the affected limb
[90]. Diagnosis requires imaging, followed by urgent orthopedic consultation for
possible surgical intervention. Delayed diagnosis is linked to poorer outcomes [92].
In the setting of high clinical suspicion but negative X-rays, an MRI can be used to
rule out SCFE with higher sensitivity [90]. Endocrine workup may also be helpful
to rule out possible underlying conditions.

Summary

Hip injuries in the young female athlete are becoming better recognized using
modern imaging modalities such as MRI and targeted ultrasound to supplement a
thorough history and physical examination. It is important to correlate the athlete’s
symptoms and history to her physical examination findings and imaging results.
Intra-articular analgesic and corticosteroid injections can provide added diagnostic
benefit in questionable cases where the articular nature of the injury is unclear. Most
pathology of the pelvis and hip in the young female athlete can be treated non-
operatively, with activity modification, physical therapy, medications, and injec-
tions. However, a high level of suspicion must be maintained for abnormal bony
morphology and the underlying presence of the Triad. Structured and progressive
rehabilitation and resolution of pain through full range of motion and weight-
bearing is important prior to return to sport.
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Chapter 9
ACL Injuries in the Female Athlete

Benedikt L. Proffen and Martha M. Murray

Introduction

Injury to the anterior cruciate ligament (ACL) is relatively common, particularly in
young women, and it has potentially serious short- and long-term consequences. A
number of risk factors, such as being female and playing specific types of sports,
predispose some individuals to ACL injury. Fortunately, there are training tech-
niques that can help reduce the risk of ACL injuries, and effective surgeries for ACL
reconstruction if an ACL injury occurs. This chapter will review the risk factors for
ACL injury, existing prevention strategies, the overall mechanics of ACL recon-
structive surgery in its current form, and some new directions for treatment of ath-
letes with ACL injuries.

Definitions

Anterior cruciate ligament (ACL): The anterior cruciate ligament (ACL) is a major
ligament of the knee (Fig. 9.1). It stabilizes the shinbone (tibia) relative to the
thighbone (femur), especially during activities that involve twisting and turning.
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Fig. 9.1 The anterior
cruciate ligament (ACL) is
inside of the knee joint. It
courses from the front of
the tibia to the back of the
femur

Fig. 9.2 When the ACL is
torn, it is typically treated
by replacing the torn tissue
with a graft of tendon and
fixing the tendon to the
tibia and femur to secure it

B.L. Proffen and M.M. Murray
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ACL reconstruction: An operation involving a graft of tendon taken from elsewhere
in the patient (typically the same knee or the thigh on the injured side) or from a
cadaver which is placed through tunnels in the bone to replace or “reconstruct” the

torn ACL (Fig. 9.2).

Allograft and autograft: An allograft is a graft that is taken from a cadaver. An autograft

is tissue taken from the patient herself.
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Epidemiology

The ACL is one of the most commonly injured ligaments in the knee joint with an
estimated 400,000 ACL tears per year in the USA alone [1]. The incidence is par-
ticularly high in adolescents [2]. Scandinavian national registries estimate the
annual incidence of primary ACL reconstruction at 76 per 100,000 girls and 47 per
100,000 boys in the age group of 10-19 years [3]. Most ACL injuries are sports
related [4], and in women’s sports, gymnastics, soccer, and basketball have the
highest rates of ACL injuries. Overall, ACL injuries make up a higher proportion of
total injuries in women’s sports than in men’s [5].

ACL tears most frequently occur when an athlete is turning or changing direction
on a planted foot. The knee drops toward the ground, stretching the ACL, and if
enough force is applied, the ACL is torn (Fig. 9.3). While most people think of this
happening with high-impact trauma, such as in professional football or basketball,
the fact is that 80 % of all ACL injuries are non-contact injuries; they occur when
no one else is near the athlete, typically when the player is quickly changing direc-
tion, cutting, pivoting, or stopping suddenly [6].

Femoral *
. Adduction

Dynamic
Valgus |
WUction
I
I
I
I
Ankle Midline
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Fig. 9.3 The typical mechanism of an ACL tear. The foot is fixed (planted) on the ground, and
when the player goes to change direction (pivot), the knee drops toward the ground and the ACL
is torn. Exercises to teach players to not let their knee drop down toward the ground are a key
component of most ACL injury prevention strategies (Used with permission from “The ACL
Handbook,” Eds. Murray, Vavken, and Fleming, Springer, 2013)
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Girls and women are at higher risk of sustaining an ACL tear than boys and men
participating in the same activities. This increased risk is estimated to be about 3:1
(Fig. 9.4) [7]. Multiple risk factors have been proposed to explain this difference.
These include anatomical factors: smaller bones of the knee, which allow less room
for the ACL; wider hips, resulting in greater angulation of the femur; hormonal fac-
tors with cyclic rise and fall of estrogen and progesterone [8]; and neuromuscular
factors [9], including development of knee valgus (knee dropping toward midline)
during impact on landing (Fig. 9.3). While anatomic factors are difficult to change,
and the research around hormonal factors is inconclusive, the neuromuscular risk
factors are of great interest as they are modifiable with proper training. Programs
that teach female athletes to land in a safer, non-valgus position, to focus on keeping
the knees in position over the toes when landing, to land softly on the toes rather
than the whole foot, and to land on both feet when possible, have been very effec-
tive in reducing rates of ACL injury (See Prevention Section later in this chapter for
links to specific programs).

Sports-Specific Risks of ACL Tears

Not all sports are equal in terms of ACL injury risk. Sports that involve jumping,
landing, or abrupt changes of speed and/or direction, place athletes at a higher risk
for ACL injury (Fig. 9.4). These include sports such as soccer, basketball, and foot-
ball. For female athletes, the injury rate per 1000 athlete-exposures is highest in
gymnastics, soccer, and basketball [4, 5].

Another question that surrounds ACL injuries is whether the risk of injury
changes with age. Over the past few years there has been a 400 % increase in ACL
injuries reported in children and adolescents, and it is currently estimated that
50 % of all patients with an ACL tear are between the ages of 15 and 25 years
(Fig. 9.5) [3]. For women, the peak age of ACL injury is between 15 and 19 years
of age [10, 11]. One of the most likely reasons for this increase may be secondary
to young women having just completed their adolescent growth spurt at that age.
When girls get taller during the growth spurt, they do not automatically develop
larger muscle bulk as boys do. Therefore, young women in particular need to train
in order to strengthen their leg muscles, improve the control over their knees, and
protect their ACLs. Until that muscle strength comes in, young women are at
increased risk for injury.

Once an athlete has an ACL tear, the risk for another ACL tear is higher than for
someone who has never had a tear. The baseline risk for an initial ACL tear is 35 out
of 100,000, or 0.035 %. However, once an athlete sustains an ACL tear, the risk of
tearing the contralateral ACL within the next 2 years is in the range of 8—16 % [12].
This may be due, in part, to a return to high-risk activities, including participation in
cutting and pivoting sports. Other risk factors, including major differences in limb
strength at the time of return to sport, are also likely to play a role [13].
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Fig. 9.4 Chart for specific sports demonstrating the relative risk for male and female athletes

participating in the same sports for sustaining an ACL tear (Reprinted with permission from
Renstrom, P., et al., British Journal of Sports Medicine, 2008; 42:394-412.)
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Fig. 9.5 The epidemiology of ACL injury as a function of age and gender. Note that the curve for
women has a sharp peak between the ages of 15 and 19—the time of high school sports and just
after completion of the adolescent growth spurt (Reprinted with permission from Renstrom, P.,
et al., British Journal of Sports Medicine, 2008; 42:394—412.) [5]

Symptoms/Diagnosis

What if injury prevention strategies do not work? What happens when an athlete
tears her ACL? The common story is a non-contact injury—a plant and pivot, a lay-
up for a basket, landing from a jump—and the athlete feels the knee shift and often
feels or hears a pop. Swelling occurs within the first few hours of the injury as the
ends of the ACL bleed into the joint. An athlete with a complete ACL tear typically
cannot walk off the field.

As with any major knee injury, evaluation by a physician is essential for diagno-
sis and treatment. On exam, tests like the Lachman test or pivot shift exam evaluate
for abnormal movement of the tibia relative to the femur (Fig. 9.6). If the injury is
acute and the knee is very swollen or painful, these tests may have to wait for a few
weeks until the swelling subsides to provide accurate information. Imaging of the
knee with an MRI can often confirm the diagnosis of an ACL tear, and can also
provide information about injuries to other structures, including other ligaments of
the knee and the fibrocartilage menisci between the bones.

Early treatment of an ACL injury involves taking weight off the injured knee by
using crutches until the knee feels well enough to walk on. If the knee feels unsta-
ble, a functional ACL brace can help stabilize the knee from the outside until it
becomes more stable or until surgery is performed to reconstruct or replace the
torn ACL.
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Fig. 9.6 Lachman test. To evaluate for ACL tear, the femur is stabilized while anterior translation
of the tibia is assessed

Treatment

For most young athletes, treatment of a torn ACL involves surgery to improve the
stability of the knee. For sports that do not involve cutting and pivoting, such as
running or cycling, some athletes may be able to get back to their prior level of
activity without surgery. But for activities that involve turning and twisting (e.g.,
soccer, basketball, skiing), there is an increased risk of injury to other structures in
the knee with return to sport without surgical stabilization of the knee. For this rea-
son, most young athletes opt for surgery.

Unlike other tissues that live outside of the fluid joint environment, the ACL
typically does not heal after it tears, even with surgery to repair it. For this reason,
the gold standard of surgical treatment is to reconstruct, or replace, the torn ends of
the ligament with a graft of tendon taken either from elsewhere in the knee (auto-
graft) or using a donor tendon (allograft) and placing it where the ACL used to be
(Fig. 9.2). The graft is anchored to the tibia and femur using one of several devices.

The two most common autograft choices are two of the hamstring tendons from the
posterior aspect of the knee or the central section of the patellar tendon, with parts of
the patella and tibia attached to each end (bone—patellar tendon—bone or BPTB graft).
Overall, there is little difference in outcomes for these two grafts—both have a high
rate of improving knee stability and allowing patients a return to sport. The only signifi-
cant difference is a higher incidence of kneeling pain after a patellar tendon graft [14].
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For athletes who still have open growth plates, there are special concerns. Graft
tunnels should be kept central and as small as possible through the growth plate,
and the surgeon needs to avoid placing bone or fixation devices across the growth
plate [15]. Thus, for most patients in their early teens, hamstring grafts are selected
rather than BPTB grafts. For very young patients (girls younger than 12 years and
boys younger than 14 years), the surgeon may suggest a “growth-plate sparing”
operation, where the growth plate, or physis, is avoided altogether [16]. These pro-
cedures may not be available everywhere and should be performed by a specialist
in pediatric orthopedics.

The use of cadaver grafts, or allografts, is another option; however, recent studies
have suggested that the failure rates for these grafts in a young, active population is
twice as high as that for the autografts (hamstring tendon or BPTB) [14]. Therefore,
these grafts are typically not used as first-line treatment for adolescent athletes, although
they can be used to supplement autograft tissue if the harvested tendons are small.
There are advantages and disadvantages to all graft sources. Each patient should dis-
cuss graft choices with her orthopedic surgeon to help determine which is best for her.

The surgery is typically done athroscopically, with multiple small incisions and
a camera to guide the work inside the knee. The use of this minimally invasive tech-
nique results in less pain for the patient postoperatively, and a faster initial recovery.
Unless there are other reasons for urgent surgery (e.g., a displaced meniscal tear or
injury to other ligaments), surgery is typically delayed from 4—6 weeks after injury
to allow swelling to decrease and motion to improve. This is thought to lessen the
risk of postoperative stiffness in the knee and to facilitate recovery and rehabilita-
tion after surgery [17].

Healing of the graft within the bone tunnels takes time, and thus, rehabilitation
after an ACL tear is lengthy, with most patients not returning to sport until
6-9 months after reconstructive surgery [18]. During that postoperative period,
strengthening of the knee is paramount to protect the graft. Focus is on hamstring,
hip external rotator and core strengthening in particular, and is often done on a pro-
gressive, graded basis. The Multicenter Orthopaedic Outcomes Network has a goal-
oriented rehabilitation protocol which has been used with great success [19]. The
need for a lengthy rehabilitation in addition to the surgical costs and hospital stay
makes the ACL tear a particularly expensive injury, with an estimated average life-
time cost of $38,000 [20].

Even after reconstruction, there remains a risk of re-rupture. The risk of re-
rupturing a surgically treated ACL is approximately 6 % (2—8 %), which is about
half the risk of tearing the ACL of the contralateral knee [21]. Most of these graft
ruptures occur within 12 months after surgical reconstruction. In fact, during this
first year, the risk of re-rupture can be as high as the risk of a contralateral injury
(12 %) [21]. Another study looking at 612 patients undergoing ACL reconstruction
found that factors increasing the risk of repeat ACL injury included a contact mech-
anism of index injury and a return to competitive sports that required side-stepping,
pivoting, or jumping [22].
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Fig. 9.7 Relative risk for graft failure as a function of age and graft choice (Used with permission
from Kaeding CC, Aros B, Pedroza A, et al. Allograft versus autograft ACL reconstruction:
Predictors of Failure from a MOON Prospective Longitudinal Cohort. Sports Health. Jan-Feb
2011;3(1):73-81)

Both patient age and graft selection have been shown to affect rates of ACL tears,
with higher graft failure rates in younger patients and in those patients with an
allograft reconstruction [23]. These factors have been found to be multiplicative.
For example, a 14 year old with an allograft ACL reconstruction has a 22 % chance
of tearing her graft, while the same patient has only a 6.6 % chance of tearing an
autograft. In contrast, a 40 year old patient has only a 2.6 % chance of tearing her
allograft, and only a 0.6 % chance of tearing an autograft (Fig. 9.7) [23].

ACL Injury Prevention Strategies

Understanding the risk factors associated with ACL tear allows for better identifica-
tion of individuals at increased risk. Risk factors can be reliably used by doctors,
parents, and coaches to identify players who might be at higher risk for an ACL tear
due to their muscle development or limb alignment. The benefit of identifying high-
risk individuals is that a number of exercises have been developed and assembled to
create highly effective ACL injury prevention programs (Fig. 9.8) [24]. In addition,
these programs can be used by an entire team, to reduce the risk among all the par-
ticipating athletes. Such programs consist of simple balance board exercises and
postural training, which typically require only 30 min twice a week. Recent evi-
dence has shown that for every 40 high school students enrolled in such programs,
one ACL tear can be prevented [25]. And after all, the most effective treatment for
any disease is its prevention.



IFA 11+

RUNNING
STRAIGHT AHEAD

e e o U s o e e, s
o e e B 8 o B
etk pa  , m y h
s e e .

m‘;ﬁm 'm:noom

T e ——
T ek Tha e st et e v i
o o e e o B i s e
sttt S

et e o

H SIDEWAYS BENCH
e i

S
e -':u—--nr-“
i

e -'.'-"-..-_-.--L.' ot .
A o s

SINGLE-LEG STANCE

THROWING BALL WITH PARTNER

i a3 1 s o s s 8 o g g
et e o e, 8 .t s 5, P P

.':.'.'..-"'-.:' mTSRAIS TR

R kg e
Bt SRR R R
T e o,

B L s

T e s b
et

=
R e o s it o e
._-—-ﬂ;--n-oa-m-’:_‘_q—-._-—
e as S R

m—.—mmr--::-‘
ety

RUNNMNG
HIPIN

8 0 iy o o ey 4 s o ek e
e LRIV LIS

E mm & BACKWARDS
e et e A

: "1:-""‘-:.'.. __

THE BENCH
OME LEG LIFT AND HOLD

T e
e T T S

SI)E\M!\’S BENCH
WITH LEG

s e
m:‘:.'._ e

-...-.-.-
m.-. =l Ty

n SINGLE-LEG STANCE
TEST YOUR PARTNER
et i i e s g

e e b s b, o e e
e T TS e

b e e L]
e T

AIMANG

BOX JUMPS
S
= .nm-l'.'-.--”-:_:;_'_
s s e i L iy o Sl o et B
T e e P e B

HWQUI'I'

T o s B e e e o ey
e e ]

Fig. 9.8 The FIFA 11+ ACL injury prevention program. Additional details on the program can be
found at http://f-marc.com/11plus/ (reprinted under the permission of the creative commons
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Excellent descriptions of such programs, including pictures, background
information, and physician information, can be found online at the Boston Children’s
Hospital webpage (http://childrenshospital.org/cfapps/research/data_admin/Site2226/
mainpageS2226P9.html) or the PEP program website (http://smsmf.org/pep-pro-
gram). The International Federation of Football Association, FIFA (Fédération
Internationale de Football Association), has endorsed a warm-up and exercise
program to reduce ACL injury, called FIFA 11+ (Fig. 9.8). The program can be
downloaded from the FIFA website (http://f-marc.com/1 1plus/), and has been shown
to be effective in reducing ACL tears [26, 27]. It also has been proven to work in
sports other than soccer, for example in elite level male basketball players [24].

Future Directions

Improvement of injury prevention protocols and implementation of validated pro-
grams have a high likelihood of preventing many non-contact ACL injuries. In addi-
tion, advances in surgical technique—making the surgery less invasive and the
rehabilitation quicker—are also in the pipeline. Techniques such as bio-enhanced
primary ACL repair, where the ACL is repaired using a biologically active scaffold
implanted between the two torn ends of the ligament may also play a role in the
future [29]. Finally, prevention of the posttraumatic osteoarthritis, which affects the
majority of patients within the first two decades after ACL tear [28], will be of para-
mount importance for this young patient population.

Summary

ACL injuries are common and important injuries, especially for the female athlete.
It is necessary for the athlete to recognize that injury prevention programs can help
minimize the chances of sustaining an ACL tear, and patients and parents should
encourage coaches to institute these programs, particularly for high-risk sports like
gymnastics, soccer, and basketball. ACL reconstructive surgery is very effective at
restoring gross stability to the knee; however, patients remain at a higher risk for a
second ACL injury than their non-injured counterparts. Improvements in surgery
and prevention of posttraumatic osteoarthritis are currently in progress, and research
in these areas will continue over the next decade to help improve the care of all
patients with ACL injuries. Additional information on this topic can be found in
“The ACL Handbook,” edited by Murray, Vavken, and Fleming and available at
www.springer.com [30].
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Chapter 10
Concussion and the Female Athlete

Cynthia J. Stein and William P. Meehan 111

Introduction

Concussion is a traumatic brain injury that affects over a million Americans each
year [1]. Differences in males and females with regard to concussion are now
emerging in the literature. Some studies suggest that female athletes may be at
higher risk of concussion [2, 3], and may differ from males in terms of symptom

profile [4, 5] as well as recovery time [6].

Concussion is generally initiated by a blow to the head or body, causing rapid
rotation of the brain. Symptoms, such as headache, confusion, difficulty with con-
centration, and memory impairment, result from the disturbance of normal brain
function. For most athletes, concussion causes short-term difficulties that resolve
spontaneously; however, some athletes suffer prolonged changes after concussion.
The purpose of this chapter is to review concussion risks, symptoms, management,

and areas of research that are important to the young female athlete.
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Definition

Concussion: A type of traumatic brain injury, which is “a complex pathophysiologi-
cal process affecting the brain, induced by biomechanical forces” [7]. It can be
caused by a direct blow to the head or by transmission of force to the head leading
to a shaking or rotation of the brain. Clinical symptoms are due primarily to a distur-
bance of normal brain function, rather than a structural injury. This disturbance has
been attributed to a variety of changes, described as a neurometabolic cascade,
involving ion shifts, neuronal depolarization, release of neurotransmitters, altera-
tions in glucose metabolism, and changes in cerebral blood flow patterns [8, 9].

Epidemiology

The Centers for Disease Control and Prevention have determined that concussion is
a public health problem, and the magnitude and effects of this issue are underesti-
mated by existing surveillance systems [10]. It is estimated that there are 1.7 million
traumatic brain injuries each year in the USA [11], and the majority of these are
concussions [10]. Seventy percent of sports- and recreation-related traumatic brain
injuries evaluated in the emergency department (ED) are among 10—19-year-olds
[12], and females account for 31 % of all pediatric (age 0—19) concussion visits to
the ED [13].

Bicycles and sports are the cause of 25-30 % of all mild traumatic brain injuries
sustained by patients aged 5—14 years and cared for in the ED [13, 14]. Concussion
is the cause of close to 15 % of all sports-related injuries in high school athletes, and
90 % of recorded injuries to the head and face in these athletes [15]. The estimated
cost of these injuries, in terms of direct medical cost, plus indirect costs such as loss
of productivity, is $76.5 billion per year [16].

Football has more concussions, in terms of absolute numbers, than any other
sport [2]. It has both a high rate of concussion and a large number of participating
athletes, who are almost exclusively male. Therefore, in order to accurately com-
pare risk in female and male athletes, it is important to look beyond the absolute
numbers and to evaluate those sports played with similar rules by both males and
females. Some studies have shown that in these sports—soccer, basketball, and soft-
ball/baseball —the risk of concussion is higher for female athletes [2, 3]. For exam-
ple, one study showed that in high school sports, the overall concussion rate was 25
per 100,000 athlete-exposures (AEs). However, in gender comparable sports, the
rates are higher among female athletes (17 per 100,000 AEs) than among males (10
per 100,000 AEs) [2]. Not surprisingly, rates of concussion are higher in contact and
collision sports. For female high school athletes, the highest rates of concussion are
found in lacrosse, soccer, and field hockey. For male high school athletes, football,
ice hockey, and lacrosse have the highest incidence [2].

One study showed that the risk of concussion was over 50 % higher in girls’ soc-
cer (34 per 100,000 athletic exposures) than in boys’ soccer (19 per 100,000 AEs)
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[2]. This relationship has been noted in both high school and college athletics; the
incidence of concussion was over 60 % higher for female high school soccer players
compared to their male counterparts (36 per 100,000 AEs in females vs. 22 in
males.) [3] Among college soccer players, women continue to have an elevated risk
compared to men (63 vs. 49 per 100,000 AEs). This apparent increased risk for
female athletes has also been observed in basketball and in softball/baseball [3].

Concussion incidence rates are generally higher in competition than in prac-
tice, except for cheerleading where the incidence is higher in practice [2, 17].
Player-to-player contact is the most common mechanism of injury, causing 70 %
of concussions, followed by player-to-surface contact, which is involved in 17 %
of injuries [2].

Second Impact Syndrome

In rare cases, additional injury after concussion results in second impact syndrome
[18]. This devastating syndrome was first described by Saunders and Harbaugh in
1984 [19]. It occurs when a person with a concussion suffers another injury, often
minor, that is followed by cerebral edema, cerebral herniation, and death [19-21].
Cerebral edema, herniation, and catastrophic injury have been well described after
a single episode of trauma to the brain, prompting some authors to question whether
second impact syndrome is a separate clinical entity or whether a single blow to the
head results in the catastrophic outcomes, arguing that the previous injury may be
coincidental [22, 23]. Animal models, however, have demonstrated a window of
increased vulnerability during which the brain is more susceptible to additional
injury [24, 25]. Given these findings in animal models, and case reports of second
impacts with devastating outcomes, it is crucial that concussed athletes avoid return-
ing to sports or other high-risk activities until they have completely recovered.

Symptoms

Headache is the most commonly reported symptom of concussion [26, 27]. The
pathophysiology of many post-concussion headaches remains unknown [28], but
most appear to be migraine- or tension-type headaches [29]. Other common symp-
toms include dizziness, poor balance, nausea, fatigue, confusion, difficulty with
concentration and memory, sensitivity to light and noise, sleep disturbance, sadness,
and other emotional changes. Symptoms can vary widely by individual and by
injury. Female athletes report more concussion symptoms overall [4], and one study
showed female athletes tend to have more cognitive, emotional, and sleep symp-
toms than male athletes [5]. A separate study of high school athletes found that
females report more neurobehavioral symptoms (related to sleep, fatigue, drowsi-
ness, or nervousness) and somatic symptoms (such as headache, nausea, light and
noise sensitivity, and balance difficulties) after sport-related concussion [30].
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The post-concussion symptom scale included in the Sport Concussion
Assessment Tool 3 (SCAT3) [7] is a frequently used tool for athletes to rate the
severity of the most common concussion symptoms on a scale of 0 (none) to 6
(severe). After injury, the symptom severity score can be tallied for the athlete and
used as a clinical measure to track recovery.

The classic presentation of concussion involves the development of symptoms
after a rapid rotational acceleration of the brain, which is then followed by a gradual
resolution over time. However, in some cases, symptoms can take hours to evolve
[7] and may not be easily or immediately recognized. In addition, most concussion
symptoms are not specific to concussion and can be due to a variety of other ill-
nesses, injuries, and medications, which underscores the importance of proper med-
ical history taking. Other etiologies of symptoms should always be considered [31],
especially in cases without a clear history of a traumatic initiating event.

Diagnosis

Many sport-related concussions go undiagnosed [32, 33]. Most concussions do not
involve obvious signs, such as loss of consciousness or convulsions [17, 27, 34, 35],
and symptoms may be unrecognized or intentionally minimized by the athlete. One
study found that a third of athletes evaluated for concussion had experienced a prior
blow to the head that led to concussion-like symptoms, but that was not diagnosed
as concussion [33]. Because symptoms can be subtle or change over time, the ath-
lete, along with her coaches, parents, athletic trainers, and team physicians, must
maintain a high index of suspicion for sport-related concussions.

The diagnosis of concussion is predominately based on the history and physical
examination. Tools that have been developed to aid in diagnosis include symptom
inventories, balance evaluations, and neurocognitive assessments. Instruments, such
as the SCATS3, are available online [7]. This tool includes sideline cognitive assess-
ments and a commonly used balance assessment, the balance error scoring system
(BESS) [36]. Because there is great variability in balance and cognitive perfor-
mance among individuals, these assessments are most helpful when compared to
baseline measurements recorded at the start of the season prior to injury.

Different types of computer-based neurocognitive testing are available and are
becoming more widely used to analyze and monitor changes that occur with con-
cussion [37]. While these tests cannot be used to diagnose concussion, they offer
objective measures of cognitive function and provide an additional tool that can be
used in concussion management and return-to-play decisions. Some athletes show
persistent deficits in their level of cognitive functioning, even after they report
resolution of their symptoms, suggesting incomplete recovery [38—40]. The use of
computerized neurocognitive testing allows clinicians to detect this possibly
incomplete recovery and avoid potentially returning an athlete to play prematurely.
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Scores vary by individual and can be affected by many different factors; therefore,
preseason baseline scores are helpful in interpretation of these tests.

Because concussion is a functional problem as opposed to a gross structural
injury to the brain, currently available imaging, such as magnetic resonance imaging
(MRI) and computed tomography (CT), cannot detect concussion. Routine imaging
is not recommended for the young athlete with concussion; however, imaging may
be useful and necessary in some cases to rule out other causes of symptoms.

Risk Factors

Athletes involved in contact sports are at higher risk for sustaining concussions than
those who participate in non-contact activities; [2, 15] however, concussions can
occur in all types of sports and activities, including non-contact sports, such as
swimming, golf [12], cheerleading, track [2], and dance [41]. A history of prior
concussion is associated with an increased risk of a sustaining another concussion
[17, 26, 34]. It is not clear if this elevated risk is due to genetic or structural factors
that predispose individual athletes to concussion or whether this risk is associated
with style of play, time spent in active participation, or changes to the physiology of
the brain after the initial injury. Also, athletes with relatively low body mass index
may have an elevated risk of concussion compared to their peers [17].

Some studies suggest that female athletes are at higher risk of sustaining concus-
sions compared to male athletes involved in similar activities [2, 3, 42, 43]. Multiple
hypotheses have been developed to explain this difference in risk. Some suggest that
smaller head size, weaker neck muscles, or less dynamic head—neck stabilization
may predispose the female athlete to concussion [44]. Others suggest that more
accurate reporting by female athletes or increased attention by trainers and coaches
to female athletes’ complaints may explain some of the differences between reported
rates of concussion between males and females. However, given that female athletes
appear to have greater deficits on neuropsychological testing following injury com-
pared to males [4], a physiological explanation seems more likely.

Treatment Guidelines

The most recent consensus statement from the 4th International Conference on
Concussion in Sport held in Zurich (2012) [7] replaced earlier recommendations
from Zurich (2008) [45], Prague (2004) [46], and Vienna (2001) [47]. Previously
used grading systems (I/II/IIT) and classifications of concussion (simple/complex),
have been superseded by a more individualized approach to concussion manage-
ment, followed by a graduated return-to-play protocol.
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If an athlete is suspected of sustaining a concussion, she should be removed from
play and evaluated immediately. Because symptoms can develop and change over
time, there should be no return-to-play on the day of injury [7]. During recovery,
athletes must remain out of activities that involve risk of direct or indirect injury
to the head.

The foundation of concussion management is physical and cognitive rest [7, 48].
However, the optimal amount of rest is not known and likely varies from person to
person and injury to injury. In terms of physical rest, athletes should avoid strenuous
activity and resistance training, which often worsen symptoms during the initial
phases of treatment. After a period of rest and with continued recovery, some light
exercise such as walking or stationary bicycling may be reintroduced gradually fol-
lowed by more vigorous activities, as long as the athlete does not experience worsen-
ing of current symptoms or onset of new symptoms.

The Zurich guidelines outline six stages of progression from complete rest to full
activity: [7] (1) No activity, (2) Light aerobic exercise, (3) Sport-specific exercise,
(4) Non-contact training drills, (5) Full contact practice, and (6) Return to play. The
guidelines recommend that the return-to-play protocol be initiated when the athlete
is asymptomatic at rest. The athlete can then advance through the stages if she
remains symptom free. If her symptoms reoccur at any stage, she should return to
rest for at least 24 h and restart at a previous symptom-free level. As outlined in the
guidelines, each stage should take at least 24 h [7].

Also for those with persistent symptoms, the guidelines suggest that light exer-
cise may be beneficial, recommending a “sensible approach” that avoids exacerba-
tion of symptoms [7]. Beyond being enjoyable for the athlete, it is hypothesized that
exercise during recovery may improve sleep and decrease stress. However, few
studies have looked at methods of physical activity advancement [49, 50], and the
optimal timing of initiation, frequency, and intensity are not yet known.

Cognitive rest is also important in recovery, as many daily activities can worsen
concussion symptoms and should be avoided or significantly limited. These include
schoolwork, reading, computer work, video games, text messaging, and games that
require concentration, such as chess. For students, academic accommodations are
often used to adjust school schedules and academic workloads [51]. There is evi-
dence to support the use of cognitive rest [52]; however, the amount of cognitive rest
required is quite variable among injured athletes. Gradual return is recommended,
but specific steps have not been well studied.

Most athletes will recover quickly from a sport-related concussion and will not
require any treatment beyond physical and cognitive rest. Some athletes, however,
suffer persistent symptoms and additional treatment may be recommended [53].
Common post-concussion symptoms, such as insomnia, headache, cognitive
dysfunction, balance difficulties, and emotional changes, can continue to interfere
with daily activities. A variety of medications, vestibular and other physical thera-
pies, as well as educational and emotional support programs can be utilized to
address these issues and improve quality of life during recovery. Many of these
treatments are considered experimental and are not approved by the US Food and
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Drug Administration for the management of concussion. Therefore, they should be
used by providers who are experienced in concussion management. It is not yet
known which treatment strategies work best with female or male athletes, or if sig-
nificant differences exist.

Recovery Time

Most athletes recover from sport-related concussions within a few days to weeks [2,
15, 26, 27]. Over 95 % of high school athletes will recover from concussion within
a month [15, 27]. Unfortunately, some have a more prolonged recovery. Factors
associated with longer recovery include history of prior concussion [17, 26], amne-
sia at the time of injury [26, 39, 54], and decreased computerized neurocognitive
test scores after injury [55, 56]. Interestingly, brief loss of consciousness is not
associated with a prolonged recovery [57]. However, loss of consciousness, espe-
cially if it lasts longer than a few seconds, may indicate other injuries, such as an
intracranial hematoma, and should be evaluated immediately by a medical
professional.

Female athletes report more symptoms and demonstrate greater deficits on neu-
ropsychological testing after concussion compared to male athletes [4]. In addition,
some data suggest that female athletes may experience longer symptom duration
than their male counterparts [6], but other studies have found no difference in time
to recovery in males and females [30].

Variations in recovery time are not well understood and are the subject of ongo-
ing research. Currently there is no known way to predict duration of symptoms, and
recovery times vary from person to person and injury to injury. Therefore, athletes
and their families should be counseled on the natural course of concussion and may
need support in managing expectations, especially around return to play.

Cumulative Effects

For most athletes who experience concussion, symptoms resolve with time and
rest, and they are able to return to full activities. However, some people who sus-
tain multiple concussions or multiple sub-concussive blows to the head do suffer
long-term effects [26, 58—60]. There is growing awareness and concern surround-
ing chronic traumatic encephalopathy (CTE), a degenerative neurological disor-
der that is believed to result from repetitive brain injury. Symptoms attributed to
CTE include memory loss, difficulty with impulse control, depression, and
dementia [61]. CTE has been found postmortem in contact sports athletes, but the
association specifically with concussion or sub-concussive injuries is not yet well
understood [62].
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It has been shown that people who have had multiple concussions are at higher
risk of additional concussions and longer recovery times [26]. Prolonged symptoms
can include decreased processing speed [59], cognitive impairment, and memory
difficulties [60]. Athletes, especially those with a history of multiple concussions,
should understand the risk involved before making decisions about return to play.

Prevention

In some cases, changes to and enforcement of the rules of play may decrease the
risk of concussions [63, 64]. Protective equipment, such as helmets and mouth
guards, are crucial in preventing skull fractures, dental injuries, and catastrophic
brain injuries. Therefore, all athletes participating in sports that require their use
should wear properly fitting, undamaged personal protection equipment. However,
there is little convincing evidence, that helmets, mouth guards, or other personal
protection devices significantly reduce the risk of sport-related concussions.

There is some evidence to suggest that athletes are less likely to suffer a concus-
sion when they anticipate an oncoming collision [65], and it has been hypothesized
that stronger neck muscles, which can better stabilize the head, may reduce the risk
of concussion by decreasing the acceleration of the brain after impact [43, 66].
Preliminary evidence suggests that increased neck strength does reduce the risk of
concussion, and a 5 % reduction in the odds of concussion was estimated for every
1 pound increase in measured neck strength [67]. It is not yet known whether
increased core strength and stability might also make the athlete better able to avoid
or react to an impact. However, where there seem to be few risks and multiple
potential benefits of neck and core stabilization, the athlete may want to ensure that
these exercises are included in her regular fitness program.

Future Directions

Many questions about concussion have yet to be answered. Researchers are work-
ing to learn what puts some athletes at greater risk than others and which factors
affect severity and duration of symptoms. We do not yet know why female athletes
may be at higher risk, or what genetic, physical or behavioral elements may play a
role in concussion risk and recovery. Efforts are being made to better understand the
underlying pathophysiology of concussion, to improve methods of diagnosis and
treatment, to predict recovery time and risk of long-term sequelae, and, perhaps
most importantly, to discover and develop effective methods of preventing
sport-related concussions.
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Summary

Concussion is a traumatic injury to the brain that causes functional impairment.
Female athletes may be at higher risk for concussion than male athletes involved in
similar activities. Female athletes also may experience different types of symptoms
and show more changes on neurocognitive testing after injury, compared to their male
counterparts. For most athletes, concussion symptoms resolve quickly and completely.
Unfortunately, some athletes suffer severe symptoms and prolonged recovery.
Treatments exist to mitigate symptoms, and guidelines have been created to help
athletes successfully return to full sports participation. Some factors, such as play-
ing contact sports and history of prior concussion, are known to put athletes at
higher risk of concussion, but other risk factors have not been well defined.
Additional research is needed to better understand which factors put the female
athlete at particular risk and to identify optimal methods of prevention, diagnosis,
and treatment of sport-related concussions.
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Chapter 11
Management of Cardiovascular Concerns
in Female Athletes

Jennifer A. Michaud Finch and Aaron L. Baggish

Introduction

For decades, girls and women were discouraged from participating in competitive
sports or vigorous exercise training for fear that physical activity could harm the
reproductive system and ultimately diminish fertility. Fortunately, numerous vision-
ary women rejected these recommendations [1]. The last 30 years in particular have
seen a tremendous increase in female athletes’ participation in a wide variety of
sporting arenas. Effective care of the athlete requires an understanding of the car-
diovascular demands of exercise, a familiarity with training-related cardiovascular
adaptations, and a structured approach to the athlete with symptoms suggestive of
cardiovascular disease [2]. This chapter is written to provide the clinician with a
basic foundation of knowledge in these principal areas of patient care with emphasis
on the differences between female and male athletes.

Definitions

Stroke volume (SV): The quantity of blood ejected from the heart during each
contraction.

Cardiac output (CO): The product of stroke volume and heart rate.
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VO,: The volume of oxygen consumed by the body. The relationship between CO
and VO, is quantified by the Fick equation [VO,=cardiac outputx (A arterial—
venous O,)]: used to quantify the relationship between cardiac output and VO,.

Syncope: A sudden, transient loss of consciousness with inability to maintain pos-
tural tone, followed by complete and spontaneous recovery.

Falpitations: The awareness of forceful or subjectively abnormal heartbeats.

Overview of Relevant Exercise Physiology

There is a direct relationship between exercise intensity (external work) and the
body’s demand for oxygen. Oxygen demand is met by increasing pulmonary oxy-
gen uptake (VO,). Peak oxygen consumption (peak VO,) is the amount of oxygen
uptake/utilization that occurs at an individual’s peak level of exercise. The cardio-
vascular system is responsible for transporting oxygen-rich blood from the lungs to
the skeletal muscles, a process that is quantified as cardiac output (liters per min-
ute). In the healthy human, there is a direct and inviolate relationship between VO,
and cardiac output.

Cardiac output (CO) may increase fivefold to sixfold during maximal exercise
effort. Coordinated autonomic nervous system function, characterized by rapid and
sustained parasympathetic withdrawal coupled with sympathetic activation, is
required for this to occur. Heart rates may range from <40 beats per minute at rest
to >200 beats per minute in a young, maximally exercising athlete. Heart rate
increase is responsible for the majority of CO augmentation during exercise.
Maximal heart rate varies innately among individuals, decreases with age, and does
not increase with exercise training.

In contrast, stroke volume (SV), both at rest and during exercise, may increase
significantly with prolonged exercise training. Cardiac chamber enlargement and
the accompanying ability to generate a large SV are direct results of exercise train-
ing and are the cardiovascular hallmarks of the endurance-trained athlete. SV rises
during exercise as a result of increases in ventricular end-diastolic volume and, to a
lesser degree, sympathetically medicated reduction in end-systolic volume.

Hemodynamic conditions, specifically changes in CO and peripheral vascular
resistance, vary widely across sporting disciplines. Although there is considerable
overlap, exercise activity can be classified into two forms with defining hemody-
namic differences. Isotonic exercise, or endurance exercise, involves sustained ele-
vations in CO, with normal or reduced peripheral vascular resistance. Such activity
represents a primary volume challenge for the heart that affects all four chambers.
This form of exercise underlies activities such as long-distance running, cycling,
rowing, and swimming. In contrast, isometric exercise, or strength training, involves
activity characterized by increased peripheral vascular resistance and normal or
only slightly elevated CO. This increase in peripheral vascular resistance causes
transient, but potentially marked, increases in systolic hypertension and left ventricular
afterload. Strength training is the dominant form of exercise in activities such as
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weightlifting, track and field throwing events, and American-style football. Many
team sports, such as soccer, lacrosse, basketball, hockey, and field hockey, involve
significant elements of both endurance and strength exercise [4].

Cardiac Remodeling in Female Athletes

Long-term training is associated with left ventricular (LV) remodeling, including
increases in chamber size, wall thickness, and mass. This remodeling is considered
a physiologic adaptation to the increased hemodynamic load imparted by exercise
[5, 7-9]. The term “the athlete’s heart” is often used to describe the numerous attri-
butes of exercise-induced cardiac remodeling. Despite persistence of this term in
the literature, it has no specific definition and does not convey with certainty any
specific aspect of cardiac structure and function. We therefore discourage its use in
favor of more specific descriptors of cardiac morphologic findings.

The impact of exercise training on LV structure has been the topic of extensive
study [22, 40, 41, 42, 44]. Early ECG investigations demonstrated increased electri-
cal voltage suggestive of LV enlargement in trained athletes [10]. Subsequent work
with 2-dimensional echocardiography confirmed underlying LV hypertrophy and
dilation [11]. Italian physician-scientists have contributed a great deal to our under-
standing of LV structure in athletes using data derived from their long-standing
pre-participation screening program. Pelliccia et al. [12] reported echocardiographic
LV end-diastolic cavity dimensions in a large group of Italian elite female athletes
representing 27 different sports. LV end-diastolic cavity dimensions ranged from 40
to 66 mm (mean 49+4 mm). Most demonstrated absolute values within normal
limits (i.e., end-diastolic diameter <54 mm), but 8 % exceeded this, and 1 % (four
athletes) had cavity dimensions in the range of primary dilated cardiomyopathy
(DCM) (260 mm). In this study, LV wall thickness was far less likely to exceed
clinically accepted upper limits of normal and ranged from 6—12 mm (mean 8.2+0.9
mm). Maximum LV wall thickness measured >10 mm in only a small minority of
female athletes. Compared to sedentary controls (of comparable age, body size, and
racial composition), the female athletes showed larger LV cavity dimensions (aver-
age +6 %), increased wall thickness (average +14 %), and larger LV mass normal-
ized to body size (average +25 %) [12] (Fig. 11.1).
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Fig. 11.1 Distributions of LV cavity dimensions (mm) in 600 elite female athletes compared to 65
sedentary controls. Adapted from Pelleccia, JAMA 1996
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It may be difficult to differentiate normal physiologic adaptation from structural
cardiovascular disease based solely on LV dimensions. As mentioned above, some
highly trained female athletes may have dilated LV cavity dimensions (i.e., end-
diastolic dimensions >54 mm) and, occasionally, marked dilatation (>60 mm) that
overlap into a distinctively pathologic range observed in patients with DCM [14].
This morphologic finding raises a differential diagnosis between extreme cardiac
adaptation to intensive exercise training and a pathologic cardiac condition with
potential for adverse clinical consequences.

Sharma et al. [13] reported a low incidence (0.4 %) of LV wall thickness >12 mm
among 720 female and male elite adolescent athletes, and confirmed that increased
LV wall thickness is associated with increased chamber size in young athletes. It
must be emphasized that LV wall thickness in excess of 13 mm is a rare finding in
healthy female athletes. This finding should therefore prompt consideration of path-
ological hypertrophy and further diagnostic workup. In contrast, LV dilatation
accompanied by mild increases in LV wall thickness is common among female
endurance athletes and should not necessarily be considered pathology. The correct
identification of physiologic LV dilation may prevent the unnecessary withdrawal of
athletes from competition, and the unjustified loss of the varied benefits derived
from sport.

Overall, much of the variability of the LV dimensions seen in female athletes is
associated with body size, greater chronological age, and lower resting heart rate
(which reflects the intensity and duration of athletic conditioning) [12]. In addition,
sport type impacts cardiac remodeling, with athletes participating in endurance dis-
ciplines (e.g., cycling, cross-country skiing, rowing, canoeing) often demonstrating
the largest LV cavity dimensions. Gender itself is an independent determinant.
Although much of the difference between male and female LV dimensions are cor-
related with differences in body size, other mechanisms possibly implicated are the
lower absolute blood pressure response to exercise and lower availability of ana-
bolic androgenic hormones in female versus male athletes.

Electrocardiography in Female Athletes

In addition to the morphological adaptations discussed above, there are characteris-
tic patterns of electrical remodeling that are commonly captured on the 12-lead
electrocardiogram (ECG). Sinus bradycardia, first degree atrioventricular (AV)
block, incomplete right bundle branch block, early repolarization, and isolated volt-
age criteria for left ventricular hypertrophy (LVH) are common features of normal
electrical remodeling in the female athlete’s heart and do not usually require further
evaluation [24, 43, 50]. In a cross-sectional analysis, such benign ECG patterns
were observed among 40 % of trained competitive athletes participating in endur-
ance sports [23, 47]. In contrast, ECG findings that warrant further cardiovascular
evaluation include widespread T wave changes, complete left bundle branch block,
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left atrial enlargement when coupled with voltage criteria for left ventricular
hypertrophy (LVH), right ventricular hypertrophy when coupled with right axis
deviation (>120 degrees), ST segment depression, pre-excitation, prolonged heart
rate, corrected QT interval (>500 ms), and pathologic Q waves, as none of them are
normal features associated with physiologic cardiac remodeling.

Although the ECG increases the ability to detect underlying cardiovascular condi-
tions that place athletes at increased risk for adverse events during sport participation,
the ECG is a screening and diagnostic tool with inherent limitations in both sensitiv-
ity and specificity. Even if properly interpreted, an ECG will not detect all clinically
relevant cardiovascular conditions. Our group evaluated 510 collegiate athletes using
medical history, physical examination, ECG, and transthoracic echocardiography
[17]. While 16 % demonstrated ECG abnormalities, only three male athletes (<1 %)
and no female athletes were ultimately found to have conditions that warranted
restriction from participation [17]. In a similar single university experience [48], 964
consecutive athletes underwent prospective collection of medical history, physical
examination, 12-lead electrocardiography, and 2-dimensional echocardiography.
ECGs were classified as abnormal in a third of athletes, and 10 % of those were clas-
sified as distinctly abnormal. Compared with females, male athletes were nearly three
times more likely to have a distinctly abnormal ECG pattern [48].

It is important to note that the two studies discussed above used the 2005 European
Society of Cardiology ECG interpretation criteria, which did not address some of the
benign adaptive patterns frequently noted in trained athletes. Revised criteria [25, 50]
have been developed, resulting in improved ECG sensitivity and specificity among
athlete cohorts. Weiner, et al. [49] compared diagnostic accuracy of the European
Society of Cardiology’s 2010 ECG criteria to the 2005 criteria in 508 university ath-
letes. Use of the revised criteria reduced the number of participants with abnormal
ECG findings from 16.3 to 9.6 %, primarily due to the reclassification of participants
with isolated QRS voltage criteria for LVH from abnormal to normal [49].

Clinical Care of the Female Athlete

Although participation in sport and regular exercise promotes good health, athletes
are not immune to cardiovascular symptoms and disease. Sudden death in a young
athlete is a tragic event that attracts substantial interest within the general and medi-
cal communities [15, 45, 46]. These deaths often assume a high public profile
because of the youth of the victims and the generally held perception that trained
athletes constitute the healthiest segment of society. Sudden death during sport is
most commonly caused by occult cardiovascular disease [28], and many of the key
cardiovascular diseases responsible for sudden death first manifest as symptoms
during exercise. The following sections address the most common cardiovascular
issues encountered in the clinical care of the female athlete.
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Chest Pain

Chest pain is a common complaint seen in athletes across the entire age spectrum
and the underlying etiologies of chest pain are both myriad and referable to many
organ systems [38]. The term “chest pain” encompasses vague sensations that carry
a low likelihood of cardiac etiology to typical angina that is commonly associated
with pathologic underlying cardiovascular disease. Athletic patients presenting with
chest pain most often experience their symptoms during physical exertion. In
patients under 35 years of age, congenital valvular heart disease, genetic cardiomy-
opathies, such as hypertrophic cardiomyopathy (HCM), and coronary anomalies/
malformations are the leading causes of cardiac chest pain. In contrast, among
patients over 35 years of age, obstructive coronary artery disease due to atheroscle-
rosis is the most common cause of exertional chest pain [26, 27].

Chest pain can be divided into two categories: chest pain resulting from myocar-
dial ischemia and chest pain from other causes. Myocardial ischemia results from
an imbalance between myocardial oxygen demand and coronary blood flow. The
most common causes of ischemic chest pain in athletes include atherosclerotic cor-
onary artery disease (typically in older patients), anomalous coronary arteries (typi-
cally in younger patients), and genetic cardiomyopathies, most often HCM. Ischemic
chest pain can also be caused by less frequent entities including coronary vasospasm,
coronary artery dissection, valvular heart disease, including aortic stenosis (both
congenital and acquired), severe anemia, and thyrotoxicosis.

Congenital coronary artery anomalies originating from the contralateral Sinus of
Valsalva and following a course between the aorta and pulmonary artery are the
most common cause of underlying ischemic chest pain in young athletes (Fig. 11.2)
and are an important cause of exercise-induced sudden death [8, 29-31]. Pre-
participation screening, whether confined to standard medical history and physical
examination or inclusive of a resting or exercise 12-lead ECG, has limited capacity
to identify coronary artery anomalies. Therefore, anomalous coronary lesions
should be suspected in the athlete who presents with chest discomfort during or
immediately after exertion, even if the athlete has been previously screened with a
pre-participation exam. In our experience, “refractory asthma,” more precisely
defined as exertional dyspnea that fails to respond to conventional treatment for
reactive airway disease, is a common presentation among athletes with high-risk
coronary anomalies. When this diagnosis is suspected, direct, noninvasive imaging
of the coronary anatomy is required. Transthoracic echocardiographic imaging is
capable of accurately defining coronary anatomy in 90 % of athletes [31, 48]. Given
the absence of radiation exposure and the widespread accessibility of this technique,
we recommend this as the initial diagnostic imaging test in this setting. If transtho-
racic echocardiography does not yield definitive images of the coronary origins and
proximal course, conventional invasive arteriography [32], magnetic resonance
imaging [30, 33, 34], or computed tomography [35] should be considered, based on
institutional preferences and insurance reimbursement patterns.

Chest pain that is unrelated to myocardial ischemia is common and often referred
to as “atypical chest pain.” While few studies have examined this type of pain in
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Fig. 11.2 Panel (a) Anomalous origin of a coronary artery from the opposite sinus with an inter-
arterial course. Panel (b) Normal coronary anatomy. RCA right coronary artery, LAD left anterior
descending artery, LCx left circumflex artery. N non-coronary cusp, R right coronary cusp, L left
coronary cusp. Adapted from Lim, J. C. E. et al., Nat. Rev. Cardiol. 2011

athletes, the literature pertaining to the general population has relevance. Two stud-
ies examining atypical chest pain leading to hospital admission found that the causes
fell into five categories: musculoskeletal, cardiac, gastrointestinal, respiratory, and
miscellaneous. Musculoskeletal causes were the most common (27 %) [36], and in
our experience, this finding also applies to athletes with chest pain. A careful physi-
cal examination of the chest wall can be relied on to differentiate musculoskeletal
chest pain from other causes.

There are a few important cardiac conditions that can cause chest pain without
myocardial ischemia. The most common are pericarditis, myocarditis, and aortic
dissection. Pericarditis and myocarditis are inflammatory diseases of the heart lin-
ing and muscle respectively, which are most often caused by infectious agents
(most commonly viruses). Both conditions often follow clinically appreciable
infectious syndromes and are typically characterized by positional chest discom-
fort, fatigue, and in some cases palpitations. Aortic dissection, acute tearing of the
aortic wall, is a surgical emergency that classically presents with “tearing” chest or
back pain, often localized to the mid-scapular region. Among athletes, aortic dis-
section most commonly occurs in individuals with underlying aortopathy and is
usually precipitated by intense isometric actions (i.e., lifting heavy weight) or
direct blunt chest wall trauma (Table 11.1).



J.A. Michaud Finch and A.L. Baggish

154

A1931ns oerpIed Juddiowyg
uonounysAp AY 10 AT
PayIBW JO SOSBD Ul UWIgal
eorpowr AyyedoAworpre))
uonnjosar woydwAs

[[Un UonoLISaI AJNANOY

uornnjosar woydwAs
[IUN UoNOLSAI ANATIOY

QUIYO[0 FSATVSN

uonejuerdur-a1

Io  3ugooun,,

Areuo1od Jurpnjout
ampadoid [eor3ins o}
93p1iq e se uonoLsal Jodg

JjuowaSeue

Aydei3orpresoyos [eaFeydosasuen
JO ueds D Y Surdewrr onJIoe Juddin

A19)18 A18U0I0D SOPN[I00
UONDASSIP SSI[UN dNsouseIp-uou HHF

TdIN 1o/pue
oyo9-(I £q uonouny [eIuaw3as 10 [8qO[3 PAONPaY

suzoyed orwouoyyed Je9[o INOYIIM J[qeLIeA DD

pmy rerpreotad Jo 9oudsqe Jo douesard
9} JUSWNIOP 0) PAISPIO 3q P[NOYS OYd3-JT

onsougeIp st D) Sunsoy

Awojeue A12U0I00 Snofewoue Joadsns jo
sased [[e ul pesind oq pinoys urewr JoaI1g

BIWAYDST 9[qIoNpul moys Kew
SurSewr Jnoy)im Jo Y Sunsd) 9SIOIOXS [BWIXBIA

[ewwIou ualyo DD pedl-Z] Sunsay
uonenfeAg

endeos 10 yorq 2y ur pazifedof ured , Jurreay,,

(9dUBIS[OJUT ISIOIOXD
‘eoudsAp ‘ured 3soyo) o[qerrea swoydwAg

snpreotrad Yim 9A0Qe Se YUI] SNONOJUT Je[IIS
premio} Sumis

Aq yred ur jse9] Je paaaral pue auidns Surk]
UQUM QI9AS Jsoul ST Jey) uted Jsayo [euonISOq
UOTIOQJUI [BITA OBIPILO-UOU

Je[d B JO $[0aM 0) SABp UIY)IM SISOJIUBW UAJO
swoldwAs K10)1uoward ynoyjim

Jsa1Ie oeIpIED 10 9dOJUAS S JsojIuBW UB))
BUIYISE,, SE [9qe[SIW

U9)JO )eaIq JO SSAULIOYS [BUOTIOXH

UonIoXa JO

S[oAQ] Y31 & 1IOJWOISIP ISAYD [BUONIIXH
uonejuasaid [eorurpo TeordAy,

UOTOISSIP JNIOY

STIPIBOOATA

SOIPIEOLIR

Arewoue 1800100

sojo[yye SunoA ur ured 3S9UO JO SISNED OBIPILD A JO SONSLISIOBIRYD [BJIUI]D [°IT d[qeL



11 Management of Cardiovascular Concerns in Female Athletes 155
Syncope

Syncope is one of the most common cardiovascular presentations among athletes.
In a large series of young Italian athletes, approximately 6 % experienced some
form of syncope during their athletic careers [18]. Etiologies of syncope in the
female athlete range from the benign neurally mediated collapse to life-threatening
pathologic conditions, including structural heart disease and primary arrhythmias.

Most syncope in athletes is attributable to neurally mediated mechanisms involv-
ing predominant and often excessive vagal tone related to chronic exercise training.
Syncope frequently occurs in athletes outside of sports participation. Typical trig-
gers include anxiety, sudden postural changes, and painful stimuli. While often
recurrent, non-exertional, neurally mediated syncope in the athlete is usually a
benign condition.

A closely related and common fainting syndrome is “post-exertional” syncope,
often informally referred to as exercise-associated collapse. Post-exertional syn-
cope occurs following abrupt cessation of exercise, most commonly moderate to
high intensity endurance exercise, and is caused by a rapid reduction in central
venous return. This reduction in venous return, caused by both the cessation of
skeletal muscle contraction and altered sympathetic/parasympathetic balance,
causes transient cerebral hypoperfusion. The affected athlete typically reports pre-
syncopal feelings of warmth, lightheadedness, or diaphoresis, which begin within
seconds of exercise termination and rapidly culminate in a loss of consciousness
lasting from several seconds to a minute. Athletes predisposed to this condition
should be counseled to avoid abrupt termination of exercise and in some cases
may benefit from maneuvers to augment vascular volume, including hydration,
dietary sodium augmentation, and use of commercially available compression
stockings.

Syncope that occurs during intense exercise, either with or without prodromal
symptoms, should raise suspicion for underlying cardiac disease. Traumatic injury
secondary to syncope should further increase the index of suspicion for underlying
disease. Current American College of Cardiology/American Heart Association
(ACC/AHA) guidelines recommend that the approach to the athlete with exertional
syncope begin with a meticulous history, physical examination, resting 12-lead
electrocardiogram and echocardiogram [58]. The medical history should character-
ize potential triggers, the timing and duration of the event, and the risks associated
with future episodes of loss of consciousness. Physical examination should be
directed toward signs, most often pathologic murmurs, of occult heart muscle and
valve diseases. The resting 12-lead ECG should be inspected for abnormalities of
conduction (QT prolongation, pre-excitation, pathologic right bundle branch block
with early precordial ST elevations suggestive of Brugada syndrome) and findings
suggestive of structural heart disease (left bundle branch block, LVH with repolar-
ization abnormalities, diffuse T-wave inversion). Transthoracic echocardiography is
recommended to exclude structural and valvular heart disease in individuals with
syncope, especially if any abnormality is detected during medical history, physical
examination or ECG interpretation.
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The comprehensive assessment of true exertional syncope often extends far
beyond these basic measures and must be tailored to exclude underlying structural
and electrical heart disease. We recommend such evaluations be conducted under
the supervision of a cardiovascular specialist with expertise in the care of athletic
patients. Provocative and customized exercise testing is often high yield and should
be designed to approximate the exercise conditions in which the syncope occurred.
Careful attention should be given to the exercise ECG for the detection of explana-
tory arrhythmias. When lab-based exercise testing is inconclusive, ambulatory
rhythm monitoring may be necessary. There are numerous ambulatory rhythm
monitoring devices available, and the choice should be dictated by the frequency
and duration of syncope on an individual patient basis. The use of tilt-table testing
in athletes, due to high rates of false-positive testing, is of limited value. In very
select cases, most often in the setting of a documented arrhythmia syndrome, inva-
sive electrophysiologic (EPS) study may be both diagnostic and potentially thera-
peutic [19].

Management of the athlete with syncope is dictated by cause. Individuals with
significant structural or valvular heart disease should be managed with appropriate
sport restriction, medication, EPS with or without ablation, implantable defibrillator
placement, or surgery on the basis of specific pathology [39]. Neurally mediated
post-exertional syncope can often be avoided by mandating an active cool down
period after exertion and by paying attention to hydration and supplemental salt
intake. In athletes with recurrent neurally mediated syncope despite these first-line
treatments, postural training or pharmacologic therapy may be reasonable; however,
these should be prescribed only after careful consideration of rules delineating
banned substances in athletes.

Palpitations

Palpitations are a frequent complaint in athletes. The heightened vagal tone that
accompanies routine exercise training commonly results in marked sinus bradycar-
dia, and the relatively lengthy time period between sinus beats may facilitate an
increase in ectopic atrial and ventricular beats. Slow resting heart rate coupled with
the keen body awareness that is typical among athletic patients, often lead to sens-
ing of these spontaneous depolarizations. In the majority of cases, resting palpita-
tions that are suppressed with exercise, particularly among athletes with no findings
during medical history, physical examination, and 12-lead ECG, are a benign phe-
nomenon that requires no further evaluation [21].

The athlete presenting either with palpitations that are exacerbated by exercise or
with other findings suggestive of occult cardiac disease requires a comprehensive
evaluation by a cardiovascular specialist with expertise in the care of athletic
patients. A broad differential diagnosis must be considered. Noninvasive cardiac
imaging, customized exercise testing designed to stimulate the demands of training
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and competition in an attempt to trigger and capture the cause of palpitations, and
ambulatory rhythm monitoring play key roles in the evaluation.

The choice of a specific ambulatory rhythm-monitoring device is crucial and
requires individualized decision making. For symptoms that predictably recur
within a 24-h period, simple Holter monitoring may be adequate. If the athlete expe-
riences less frequent, more intermittent symptoms, she is best evaluated with a con-
tinuous loop recorder or event (patient-triggered) monitor. For those with very
infrequent or elusive symptoms (>1 month between symptoms), an implantable
loop recorder may be required.

Palpations due to benign atrial and/or ventricular ectopy that occur at rest, are
suppressed by exercise, and are not accompanied by primary structural or electrical
diseases, are best managed conservatively. Often counseling geared toward patient
reassurance coupled with avoidance of potential triggers including alcohol, caf-
feine, and stimulants are sufficient. Among athletic patients with palpitations caused
by pathology, disease-specific therapies designed to reduce the burden of arrhyth-
mia (e.g., pharmacologic suppression, intracardiac ablation) and to reduce the risk
of sudden cardiac death (e.g., sports restriction, implantable defibrillator placement)
are often indicated.

Sudden Cardiac Death

Occult cardiovascular disease is the most common cause of sudden death in young
athletes. The vast majority of these deaths in US athletes <35 years of age are due
to congenital or genetic cardiac conditions [14, 26, 45-47]. Data establishing the
true prevalence of sudden cardiac death (SCD) in athletes are plagued by impreci-
sion, with reported figures ranging from 1:24,000 to 1:300,000 [27, 28, 45, 46].
Such variable findings are attributed to geographic differences in the prevalence of
causal diseases, characteristics of the population studies, case ascertainment tech-
niques, and other factors.

The incidence of SCD in high school and college athletes was first reported by
Van Camp et al. [47] and was estimated to be 1:300,000 (1:212,000 for male ath-
letes and 1: 1:300,000 for female athletes). Over a 10-year period of observation,
SCD was found to be more common among male football and basketball athletes,
more common in college athletes than in high school athletes, and more common
among male athletes compared to females [47]. A subsequent registry-based series
of SCD in young competitive US athletes over a 25-year period suggests an overall
lower rate of SCD [26]. This study, the first to present autopsy data, suggested that
HCM was the single most common cause of athletic deaths (responsible for 1/3 of
cases), followed by congenital coronary artery abnormalities, particularly those of
wrong aortic sinus origin (Fig. 11.3) [26].
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Fig. 11.3 Distribution of cardiovascular causes of sudden death in 1435 competitive athletes.
HCM hypertrophic cardiomyopathy, LVH left ventricular hypertrophy, ARVC arrhythmogenic
right ventricular cardiomyopathy, MVP mitral valve prolapse, LAD left anterior descending artery,
CAD coronary artery disease, AS aortic stenosis, DCM dilated cardiomyopathy. Adapted from
Maron. Minneapolis Heart Institute Foundation

A more recent study of National Collegiate Athletic Association (NCAA) ath-
letes in the United States reported an incidence of SCD ranging from 1.05 to 3.45
per 100,000 athlete-years (Division 3 and 1 athletes, respectively), but no autopsies
were performed and the causes of death were not verified [46]. SCD was 2.3 times
more common in male athletes than in female athletes, and cardiac deaths were
most common in basketball, football, swimming, lacrosse, and cross-country.

SCD incidence rates varied considerably by sport with the highest incidence
observed in Division I basketball athletes. Looking specifically at basketball play-
ers, the rate of SCD was approximately 5 1/2 times higher in males (1:7000) than
females (1:38,000). Race/ethnicity also appeared to affect risk in these basketball
athletes, with the highest rate of SCD among black males (1:4000) compared to
white males (1:13,000) [46].

The notion that underlying cardiovascular disease accounts for a substantial por-
tion of athletic SCD has led to recommendations for pre-participation cardiac dis-
ease screening [16]. ACC/AHA joint guidelines recommend a pre-participation
cardiovascular screening protocol for competitive athletes consisting of 12 items
(8 personal and family history questions and 4 physical examination maneuvers),
and do not require an ECG. A positive response or finding in one or more of the 12
items should trigger a referral for more in-depth cardiovascular evaluation. Parental
verification of the responses for medical history questions is regarded as essential
for middle school and high school students (Table 11.2).
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Table 11.2 The 12-element AHA recommendations for preparticipation
cardiovascular screening of competitive athletes
Family History
1. Premature sudden cardiac death
2. Heart disease in surviving relatives less than age 50 years
Personal History
3. Heart murmur
. Systemic hypertension
. Fatigue
. Syncope/near syncope

N N DB

. Exertional chest pain
8. Excessive or unexplained exertional dyspnea
Physical Exam
9. Cardiac auscultation for heart murmurs (in supine and standing positions)
10. Palpitations of peripheral pulses (bilateral) to detect diminished femoral
pulses
11. Visual inspection for signs of Marfan Syndrome
12. Measurement of brachial blood pressure (bilateral) sitting position
Adapted from Maron et al., Circulation 2007

In contrast to the ACC/AHA guidelines, European pre-participation screening
guidelines recommend mandatory inclusion of the 12-lead ECG. This difference is
based on the concept that medical history and physical examination lack sufficient
accuracy to detect the pathologic conditions that are of most relevance. Current
ACC/AHA guidelines acknowledge this possibility but continue to avoid a national
mandate for ECG inclusion due to concerns about financial cost and anticipated
high rates of false positives.

At the present time, the definitive scientific and economic data required to set-
tle this controversy are lacking. As previously mentioned, our group prospectively
evaluated over 500 US collegiate athletes [17], and we found that screening with
history and physical examination alone correctly identified fewer than half of the
athletes with potentially important cardiac findings and failed to detect any of the
athletes with structural abnormalities, including two athletes with cardiomyo-
pathic conditions that necessitated sports restriction. Adding ECG to the history
and examination improved the overall sensitivity and negative predictive value of
athlete screening to 99.8 % and led to the detection of all participants with abnor-
malities that required sport restriction. However, ECG use was associated with a
16 % rate of false positive screening when the 2005 European Society of
Cardiology criteria, the only athlete-specific criteria available at the time of the
study, were applied. Refinements in ECG criteria have now been shown to mark-
edly reduce the rates of false positive testing and have renewed interest in the use
of ECG-inclusive screening in settings with the necessary clinical expertise
[49-51].
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Future Directions

Several clinical issues in sports cardiology require further attention. First, a strategy
for differentiating adaptive from pathological cardiomyopathy that integrates basic
clinical factors with modern diagnostic tests (imaging, cardiopulmonary exercise
testing, and genetic assessment) should be developed and validated for clinical use.
Second, consensus committee guidelines for the management of cardiovascular dis-
ease in athletes require timely updates as dictated by diagnostic and therapeutic
advances. Third, prospective, longitudinal study of the impact of pre-participation
ECG screening should be conducted to end the ongoing debate about how best to
reduce incidence of sport-related sudden cardiac death.

Summary

Our understanding of the athlete’s heart has progressed, however a number of unan-
swered questions remain. The physiologic cardiac adaptations to endurance and
strength training that have been well-defined in male athletes need to be better stud-
ied in female athletes, and we need to continue to refine our understanding of the
ways that these physiologic changes are reflected on the ECG and other cardiac
screening tools.

Caring for the young female athlete requires an understanding of exercise-related
cardiovascular demands and adaptations, as well as a structured approach to screen-
ing asymptomatic athletes and evaluating those athletes who present with symp-
toms. With growing participation of female athletes, future prospective sports
cardiology studies need to include larger numbers of girls and women of various
demographics and sports disciplines in order to better address the needs of these
athletes.
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Chapter 12
Physical Activity and Chronic Disease
Prevention

Hank Dart, Nhi Nguyen, and Graham A. Colditz

Introduction

It is clear that there are many benefits of sports participation for the young female
athlete, including increased self-esteem, higher academic performance, decreased
risk of depression, and lower rates of drug use [1-3]. In addition, there are also
significant long-term health benefits that come with regular physical activity.
Approximately 12 % of all mortality in the USA is related to the lack of regular
physical activity, and generally recommended levels of physical activity provide a
20 % reduction in all-cause mortality [4, 5] (Fig. 12.1). Studies have consistently
shown that physical activity reduces the risk of major chronic diseases in a dose-
dependent relationship (Table 12.1). The strongest evidence exists for diabetes, car-
diovascular disease, colon cancer, breast cancer, and osteoporosis. There is also
emerging evidence of the protective effect of physical activity on dementia. In the
following sections, we briefly review the evidence for each of these conditions.
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Despite demonstrated and robust health benefits, less than half (47 %) of adult
women in the USA engage in recommended levels of aerobic physical activity [6, 7].
In girls aged 12—15 years old, only 23 % meet the recommended guidelines for youth
of 60 min of moderate to vigorous-intensity activity every day [8]. Just under 9 % of
girls get zero moderate or vigorous-intensity activity in the course of a week.

Increasing physical activity levels is a major goal of Healthy People 2020, which
aims to set achievable targets for improving the nation’s health [9].
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Table 12.1 Health benefits associated with regular physical activity

Children and adolescents
Strong evidence
¢ Improved cardiorespiratory and muscular fitness
* Improved bone health
* Improved cardiovascular and metabolic health biomarkers
¢ Favorable body composition
Moderate evidence
* Reduced symptoms of depression
Adults and older adults
Strong evidence
* Lower risk of early death
¢ Lower risk of coronary heart disease
* Lower risk of stroke
* Lower risk of high blood pressure

(continued)
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Table 12.1 (continued)

* Lower risk of adverse blood lipid profile

* Lower risk of type 2 diabetes

¢ Lower risk of metabolic syndrome

* Lower risk of colon cancer

* Lower risk of breast cancer

¢ Prevention of weight gain

* Weight loss, particularly when combined with reduced calorie intake
* Improved cardiorespiratory and muscular fitness
* Prevention of falls

* Reduced depression

* Better cognitive function (for older adults)
Moderate to strong evidence

¢ Better functional health (for older adults)
* Reduced abdominal obesity

Moderate evidence

e Lower risk of hip fracture

* Lower risk of lung cancer

* Lower risk of endometrial cancer

e Weight maintenance after weight loss

* Increased bone density

¢ Improved sleep quality

Reproduced from: US Department of Health & Human Services. 2008 Physical
Activity Guidelines for Americans

Definitions

Physical activity: bodily movement produced by the contraction of skeletal muscle
that increases energy expenditure above the basal level [10].

Exercise: a form of physical activity that is planned, structured, repetitive, and
purposeful with a main objective of improvement or maintenance of one or more
components of physical fitness [11].

Type 2 Diabetes

Diabetes affects over 11 % of females in the USA, with the vast majority of cases
being preventable type 2 diabetes [12]. Once very rare in childhood, type 2 diabetes
is now seen with increasing frequency in obese youth under age 20 [13]. All told,
the economic cost of diabetes is approximately $245 billion each year in the USA
alone [14].
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Strong evidence supports physical activity as a key intervention for preventing
type 2 diabetes (DM2). One analysis of ten prospective cohort studies reported a
30 % reduction in the risk of developing DM2 with moderate physical activity, such
as brisk walking, compared with being sedentary [15]. Regular exercise has also
been shown to reduce hemoglobin Alc (HbAlc), which is an indicator of average
blood glucose levels over the previous 60-90 days [16-19].

In DM2, genetics play a substantial role in insulin resistance and impaired
insulin secretion. Moderate physical activity on a long-term basis increases the
translocation of insulin-responsive glucose transporter (GLUT4) from intracellu-
lar stores to cell surface. GLUT4 promotes glucose uptake, which probably
explains the overall increase in insulin sensitivity [20]. In addition, favorable
changes also occur in skeletal muscles including increased mitochondrial enzyme
activity, thereby improving muscle energetics, and muscle capillary recruitment.
However, there is little or no increase in muscle capillaries in patients with micro-
vascular complications [21]. Although exercise can transiently increase urinary
protein excretion, there is no evidence of increased progression of chronic kidney
disease [22].

The American Diabetes Association recommends at least 150 min of moderate-
intensity aerobic activity per week for prevention of DM2, along with strength-
training multiple days per week. Efforts to lose weight or maintain weight loss may
require greater levels of aerobic activity. Regular activity is also a key part of man-
aging DM2 as well as helping to reverse it [22-24].

Cardiovascular Disease

Cardiovascular disease is a major health burden in the USA. More than a third of
adult women have some type of cardiovascular disease, which includes heart dis-
ease, stroke, and related conditions [25]. Cardiovascular disease kills approximately
400,000 women each year—more than all cancers combined [25].

Despite their high prevalence, heart disease and stroke are largely preventable
through a mix of healthy lifestyle choices and therapeutic interventions to control
risk factors like diabetes, unhealthy blood lipids, and hypertension [26]. Though
heart disease and stroke usually do not present until older age, risk factors can
begin to accrue early in life. A 2012 analysis by May et al. found that 14 % of US
adolescents 12—-19 years old had hypertension or prehypertension; 22 % had high
or borderline high low-density lipoprotein (LDL) cholesterol; and 15 % had diabe-
tes or prediabetes. Fully 37 % of normal weight adolescents had at least one car-
diovascular disease risk factor, while 43 % of obese adolescents did [27].

Regular physical activity has been demonstrated to lower the risk of cardiovas-
cular disease, with the American Heart Association classifying activity as a “useful
and effective” Class I lifestyle intervention [26]. Separate analyses of the Women’s
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Fig. 12.2 Risk reduction of coronary heart disease with physical activity. Data source: Lee et al., 2001

Health Study and Nurses’ Health Study found significant benefits from regular
walking, with 1 h or more a week lowering risk by 30-50 % compared to those who
did not walk regularly (Fig. 12.2) [28, 29]. Results from the Nurses’ Health Study
also showed a lower risk of total stroke and, especially, ischemic stroke with increas-
ing amounts of regular physical activity and walking [30].

Regular activity reduces serum triglyceride and increases high-density lipopro-
tein cholesterol (HDL) with variable effect on LDL. Within 4 weeks of beginning an
exercise program, blood pressure can lower as much as 5—15 mmHg in patients with
primary hypertension. There is also increasing evidence that regular exercise reduces
serum C-reactive protein, which plays an important role in atherosclerosis [31-33].

For adults, the American Heart Association strongly recommends 30 min of
moderate-intensity aerobic activity at least 5 days per week for a total of 150 min,
or 25 min of vigorous aerobic activity at least 3 days per week for a total of 75 min,
or a combination of the two. A weaker recommendation is given for moderate to
high intensity muscle strengthening activity at least 2 or more days per week for
additional health benefits [34].

Cardiac events during exercise are uncommon, with the highest risk in those who
are untrained and take part in vigorous-intensity activity [10]. The overall benefits
of physical activity far outweigh the possible associated risks in the majority of
individuals [10].
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Sudden cardiac death in youth and young adult athletes is a rare, but often high
profile, event, affecting fewer than 100 athletes each year [35]. Hypertrophic cardio-
myopathy and coronary artery abnormalities have been identified as primary causes,
among others [35, 36]. Multiple professional medical and athletic organizations
endorse pre-participation cardiovascular screening for young competitive athletes
to identify those at high risk of cardiac events [36]. The American Heart Association
currently recommends that such screening involve a targeted personal history, fam-
ily history, and physical examination [37, 38]. For more information on cardiac
conditions and risks, see Chapter 11.

Cancer

Cancer is rare in youth and young adults, and becomes increasingly common with
age. Over three quarters of all cancers are diagnosed at age 55 years or older [39].
Early life, however, is an important period for establishing lifelong healthy habits
that can reduce adult cancer risk. Regular physical activity lowers the risk of numer-
ous cancers, including colon cancer, breast cancer, endometrial cancer, and possibly
lung cancer.

Colon and rectal cancer: Cancer of the colon and rectum is the third most common
cancer among American women, after lung and breast cancers [39]. The benefit of
physical activity on colon cancer risk has been extensively studied, with consistent
reports of 30—40 % reduction in colon cancer risk in adults who increase their physi-
cal activity [40]. A meta-analysis by Wolin et al., of 52 observational studies, found
that, compared to the least active women, the most physically active women experi-
enced a 21 % lower risk of colon cancer (Fig. 12.3) [41]. However, no association has
been found for rectal cancer [42, 43]. It is estimated that 30—60 min of moderate to
vigorous physical activity per day is needed to protect against colon cancer [40].

Breast cancer: Breast cancer is the most common cancer among women both in the
USA and worldwide [39, 44]. In the USA and other high-income countries, approxi-
mately 22 % of cases are diagnosed in women under 50 years old, and about 8 % in
those under age 40. Early interest in the effect of physical activity on breast cancer
resulted from the association of activity with weight and hormone metabolism.
However, physical activity is now recognized as an independent risk factor.
Numerous studies have reported that moderate to vigorous physical activity is
associated with a decreased breast cancer risk of 20-30 % among both premeno-
pausal and postmenopausal women [45, 46]. A study by Bernstein et al. linked lifetime
regular exercise habits from the age of 10 years with reduced adult breast cancer risk
(Fig. 12.4) [47]. Women who increase their physical activity after menopause
may also experience a reduced risk [48, 49]. In addition, research also suggests that
regular activity in early life, between the ages of 12-22 years, may be particularly
beneficial when it comes to later life breast cancer risk [50]. Most studies suggest
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that 30—-60 min per day of moderate- to high-intensity physical activity is associated
with a reduction in breast cancer risk [40, 51].

Endometrial cancer: Epidemiologic studies consistently report an inverse associa-
tion between physical activity and endometrial cancer. These studies suggest that
women who are physically active have a 20—40 % reduced risk of endometrial can-
cer in a dose-dependent relationship [40].

Lung cancer: Lung cancer is the leading cause of cancer death in both women and
men in the US, with more than 85 % of deaths caused by tobacco smoking [52, 53].
Overall, studies suggest a 20 % risk reduction in lung cancer with physical activity
[40, 51]. However, smoking is an important risk factor, and tobacco use is associated
with lack of activity and unhealthy dietary habits. Therefore, it is difficult to isolate
effects of these factors in relation to the risk of developing lung cancer. For example,
one study found that higher levels of physical activity among current and former
smokers were associated with a lower risk of lung cancer, but no association was
found in nonsmokers. The authors suggested these discrepancies may be due to a
residual confounding effect of smoking [54].

Physical activity may lower cancer risk through a number of potential causal
mechanisms, including improved immune function and the regulation of selected hor-
mones [55, 56]. Although the optimal intensity, duration, and frequency of physical
activity to prevent cancer are unknown, standard recommendations of 150-300 min
or more of moderate intensity physical activity each week should provide benefits.

Osteoporosis

Osteoporosis is a major health burden in the US. Sixteen percent of women age 50
or older suffer from osteoporosis of the femoral neck or lumbar spine, while over
75 % exhibit some level of compromised bone strength [57].

Marked by a significant fracture risk due to poor bone strength, osteoporosis is a
condition most often of later life. Yet modifiable lifestyle factors in youth and young
adulthood can have an important impact on later adult risk. Physical activity is a
particularly important factor in both achieving optimal bone mineral density (BMD)
and maintaining bone mass throughout adulthood.

Approximately 90 % of a woman’s peak bone mass (PBM) develops by the time
she reaches age 18, with most of this occurring in the adolescent years [58].
The remainder accumulates between the ages of 20-30 [58]. Bone mass is slowly
and inevitably lost after this. Optimizing PBM in early life offers one of the most
important opportunities to avoid or delay osteoporosis in later adulthood [58].

Studies of identical twins attribute 60—70 % of variability in the magnitude of
peak bone mass to genetics, while 30—40 % of variability is thought to be related to
environmental factors such as diet, exercise, diseases, and medications [59].

Lack of physical activity in adolescence has been shown to be an independent
risk factor of low bone mass in healthy premenopausal women [60]. Results from
studies in children consistently report that weight-bearing physical activity increases
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both bone size and BMD during pre-puberty and early adolescence [61].
Additionally, in a 20-year longitudinal study, Foley et al. found a positive correla-
tion between measures of childhood fitness and later adult bone health [62].

While regular activity in adolescence and the young adult years have undeniable
benefits, the young female athlete also needs to be cautious about the Female Athlete
Triad (Triad), which is a medical condition that involves at least one of three com-
ponents of low energy availability, menstrual dysfunction, and poor bone health [58,
63]. Though any female may be affected, athletes in sports that stress leanness (such
as gymnastics, long-distance running, and Nordic skiing) are more prone to the
condition, which, if untreated, can advance to disordered eating, amenorrhea, and
osteoporosis, with both short-term and lasting effects [64]. The initial focus of treat-
ing Triad conditions is to improve an athlete’s energy availability, with increased
calorie intake, lower energy output, or a combination of both [63, 64]. On a popula-
tion level, coaches, trainers, parents, and others directly involved with athletes need
to be educated on the health risks related to the Triad and approaches to help avoid
them [64]. For additional information on the Triad, see Chapter 5.

In adulthood, bone loss begins to occur around age 40. Rates of loss vary from
woman to woman but are on the order of 0.5 % per year, with a higher rate of loss
in the years surrounding menopause [65]. Regular physical activity can help limit
bone loss and reduce the risk of fractures. A 2010 Cochrane Collaboration meta-
analysis of 43 randomized controlled trials by Howe et al. found that regular exer-
cise in postmenopausal women had a “relatively small statistically significant, but
possibly important, effect [on bone density]” [66]. Women in the exercise group had
0.85 % less bone loss at the spine and 1.03 % less bone loss at the trochanter com-
pared with controls. A meta-analysis by Moayyeri of 13 prospective cohort studies
found that regular exercise lowered the risk of osteoporotic hip fracture by 38 %
compared to those who did not exercise regularly [67]. The role of regular activity
in the prevention of falls in the elderly remains unclear.

Evidence is lacking on the exact exercise program that will optimize bone health
and lower the risk of osteoporosis [66]. Generally recommended levels and types of
physical activity that promote overall health and chronic disease prevention are likely
to also have bone health benefits. Within the 60 min of daily activity recommended
for youth in the Physical Activity Guidelines for Americans, it is recommended to
include bone-strengthening activities, such as jumping jacks, running, and weight-
lifting, at least 3 days of the week [68]. A 2004 position stand by the American
College of Sports Medicine (ACSM) highlights approaches that may help optimize
bone health in youth and adults. The ACSM recommends that, to maximize peak
bone mass, children and adolescents need to perform high intensity impact activities,
such as plyometrics, gymnastics, and jumping, and moderate intensity strength train-
ing 3 or more days per week for 10-20 min [69]. Running, soccer, and basketball are
likely beneficial as well. The Canadian Academy of Sports and Exercise Medicine
recommends that youth perform at least 60 min of weight-bearing activity per day,
mostly at moderate to high intensity, and including 15 min sessions of jumping three
times per week [70].
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Adult activity is aimed at limiting bone loss. ACSM recommendations focus on
weight-bearing endurance activities and activities that include jumping, such as run-
ning, walking with periods of jogging, and playing basketball, tennis, and volley-
ball, 3-5 times per week, in addition to strength training 2-3 times per week, for a
total of 30—-60 min per day [69]. A moderate or high intensity level is recommended
for bone-loading forces [69].

Alzheimer’s Disease and Dementia

With the aging of the US population, cognitive decline will become an increasing
burden on the nation’s health system. In 2000, Alzheimer’s Disease (AD) had a
prevalence of 4.5 million. By 2050, this is expected to balloon to 13.2 million [71].
Identifying effective approaches to lowering the risk or delaying the onset of AD
and dementia is essential, and growing evidence supports the benefits of healthy
behaviors in preventing cognitive decline [72, 73].

Though there is some variance in study results, the overall body of evidence points
to regular physical activity playing an important role in helping maintain cognition
and in preventing both AD and dementia [74-76]. A 2003 meta-analysis of 18 inter-
vention studies found that fitness training improved performance on cognitive tasks
by 0.5 standard deviations compared to 0.16 standard deviations in controls [76].
Other reviews have demonstrated reductions in AD and dementia risk with physical
activity, but some studies have found no risk reduction from physical activity [74, 75].

Regular activity likely works to reduce cognitive decline though multiple mecha-
nisms, such as the mitigation of coronary heart disease, stroke, and diabetes risk
factors, as well as improved blood perfusion and brain volume [75].

Though results of studies to date do not point to clear guidelines for the type and
duration of activity that has the greatest cognitive benefits, practical guidelines for
the prevention of AD were discussed at the International Conference on Nutrition
and the Brain in Washington, DC in July 2013 and subsequently published in 2014
[72]. The recommendations for physical activity included 40 min of brisk walking
(or other moderate-intensity aerobic activity) three times per week.

Amounts of Physical Activity for Disease Prevention
and Overall Health

Young athletes, by definition, are physically active and many exceed recommended
activity guidelines for health and wellness. However, with variances between ath-
letes, sports, and sports programs, it is important to detail current activity guidelines
for both adults and youth. Though there are immediate benefits from physical activ-
ity, the majority of prevention and health benefits accrue when it is practiced
throughout life—in addition to, and often well after, participation in organized
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Table 12.2 Examples of moderate-intensity and vigorous-intensity physical activity

Moderate-intensity physical activity Vigorous-intensity physical activity

(approximately 3—6 METs) (approximately >6 METs)

Requires a moderate amount of effort and | Requires a large amount of effort and causes rapid

noticeably accelerates the heart rate. breathing and a substantial increase in heart rate.

Examples of moderate-intensity exercise Examples of vigorous-intensity exercise include:

include:

¢ Brisk walking * Running

* Dancing * Walking/climbing briskly up a hill

¢ Gardening * Fast cycling

* Housework and domestic chores * Aerobics

* Traditional hunting and gathering * Fast swimming

¢ Active involvement in games and sports | * Competitive sports and games (e.g., traditional
with children/walking domestic animals games, football, volleyball, hockey, basketball)

¢ General building tasks (e.g., roofing, * Heavy shovelling or digging ditches

thatching, painting)

* Carrying/moving moderate loads (<20 kg) | Carrying/moving heavy loads (>20 kg)
Metabolic Equivalents (METs) are commonly used to express the intensity of physical activities.
MET is the ratio of a person’s working metabolic rate relative to their resting metabolic rate. One
MET is defined as the energy cost of sitting quietly and is equivalent to a caloric consumption of
1 kcal/kg/h. It is estimated that compared with sitting quietly, a person’s caloric consumption is
three to six times higher when being moderately active (3—6 METs) and more than six times higher
when being vigorously active (>6 METs)

Reprinted from WHO.int: What is Moderate-intensity and Vigorous-intensity Physical Activity,
Copyright (2015). Accessed 19 May, 2015 < http://www.who.int/dietphysicalactivity/physical_activ-
ity_intensity/en/>

athletics. Certain activities such as tennis, swimming, and cycling can be part of an
active lifestyle throughout all stages of life.

Youth should get at least 60 min of moderate intensity or vigorous activity each
day, largely from aerobic activities such as brisk walking, running, cycling, and
active sports (see Table 12.2). Muscle-strengthening and bone-strengthening activi-
ties three or more times per week are an important part of the physical activity
routine [10]. It is important to guard against the health risks of the Triad by promot-
ing healthy levels of athletic training combined with a healthy diet that includes
adequate calories. Overtraining should also be avoided, and adequate time for heal-
ing and tissue repair must be allotted.

Adults should avoid inactivity and work to be regularly active, getting at least
150 min of moderate intensity activity each week. Getting 300 min or more per
week has added health benefits and may be necessary for weight control and sus-
tained weight loss. Even greater amounts have further health benefits [10]. Exercise
programs should also include strength-training two or more times per week.
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Counseling Patients

Though many young athletes will reach or exceed recommended levels of physi-
cal activity, many will not, and it is important to counsel them on healthy levels
and types of physical activity. The focus should be on choosing enjoyable activi-
ties that provide health benefits but also lay a solid foundation for lifelong physi-
cal activity. Some young female athletes will also require counseling related to
the Triad.

Patient counseling on physical activity can be done in less than 5 min and should
be directed at healthy patients as well as those with chronic disease or related condi-
tions. The 5A’s brief intervention model, which has been used successfully for
smoking cessation, can be modified for physical activity counseling (Table 12.3).
It can be helpful to understand the stages of change through which individuals can
move forward or back (Trans-theoretical model). Even if patients are not ready to
change, providers may help patients move forward from one stage to the next
toward the goal of increasing physical activity or taking a healthier approach to
physical activity.

General Messages for Patients
Youth

e Aim for 60 min a day of moderate or vigorous activities, such as running, brisk
walking, and playing basketball, and get three or more muscle-strengthening and
bone-strengthening sessions each week.

* Choose activities you enjoy —whatever gets the body moving.

* Avoid long periods of sitting—even on days that include a lot of physical
activity.

* Keep screen time (TV, computer, phone) to under 2 h a day. Less is even
better.

* Being on a sports team may not provide all the activity you need to be healthy.
Be active on top of sports if need be.

* If you are very active in sports (especially sports that place a priority on being
thin), be sure to get enough calories to keep your weight healthy and your bones
healthy.

Adults

* Any level of activity is better than none, and it is important to avoid inactivity.
* Try to get at least 150 min of moderate intensity physical activity per week, like
brisk walking. More is even better and can help with losing weight or keeping it off.
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Table 12.3 5A’s for adult physical activity counseling

Ask all patients about their current level of activity.

* Ask about the type, frequency, and duration of exercise, including occupational, household,
and leisure-time activities.

* Determine whether their activity level is below, at, or above the minimum recommended
levels of 150 min per week of moderate-intensity aerobic activity, with two or more
strength-training session per week.

¢ Document this information in the patient’s chart.

Adbvise all patients to be physically active.

* Deliver a clear, strong, and personalized message advising the patient to get at least 30 min of
exercise per day.

Assess the patient’s attitudes toward physical activity.

¢ Understanding the patient’s readiness to change can help both the provider and the patient set
realistic physical activity goals.

o If the patient is unwilling to consider becoming more active, provide information, and stress
the benefits of increased physical activity.

o If the patient is interested in increasing activity, provide motivational support and assistance
as described below.

* For patients who are currently active, provide encouragement and assistance, and note that
increasing the duration or intensity of activity can yield additional health benefits.

Assist patients who want to become more active.
* Identify potential barriers, and help patients come up with solutions that will work for them.

» For patients who have been inactive for a while, counsel them to initiate activity slowly and
then gradually increase.

» Discuss exercise safety and help tailor the mode, intensity, duration, and frequency of activity
to meet the needs of individual patients.

Arrange follow-up.

* Follow up is necessary to support successful behavior change, to reinforce messages, and to
examine barriers that persist or arise.

* Offer positive feedback and congratulate patients on their successes. Provide additional
encouragement and practical advice.

* Reinforcement is important for helping patients maintain their activity levels. Studies suggest
that the number, type, and duration of reinforcements are central to the success of behavioral
interventions.

* Help patients reassess their goals and obstacles.

e Try to add three or more muscle-strengthening sessions per week.

* Avoid long periods of sitting—even on days that include a lot of physical
activity.

* Keep screen time (TV, computer, phone) to under 2 h a day. Less is even better.

» If starting a new exercise program, start slowly and build from there.

* Choose activities you enjoy —whatever gets the body moving.



176 H. Dart et al.

Conclusion

Regular activity is one of the most important contributors to wellness, quality of
life, and disease prevention (Table 12.1). Relatively modest amounts of activity can
lower the risk of heart disease, stroke, diabetes, osteoporosis, dementia, and numer-
ous cancers. Though there are immediate benefits from physical activity, the major-
ity of prevention and health benefits accrue when it is practiced lifelong—in addition
to, and often well after, participation in organized athletics.
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