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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 & 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 tech-
nologists 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, named after Lyle J. Micheli, one of the world’s pioneers in
pediatric and adolescent sports medicine, had its official opening in April 2013.
Thus far, The Micheli Center has served more than 2800 athletes and has published
more than 100 studies. Dr. Micheli is the series editor of Contemporary Pediatric &
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
prevention 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.

Series Editor Biography

Dr. Lyle J. Micheli is the series editor of Contemporary Pediatric & Adolescent
Sports Medicine. Dr. Micheli is regarded as one of the pioneers of pediatric and
adolescent sports medicine, 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 Orthopaedic 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



The Micheli Center for Sports Injury Prevention vii
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Preface

Dear Reader:

We would like to introduce you to this book by way of a brief word to and about the
authors represented here. These are all MDs or PTs who have taken time out from
their extremely busy practices to compose the chapters you will be reading, and for
that we are eternally grateful. You should also know that the majority of them are
affiliated with the newly opened Micheli Center for the Prevention of Sports
Injuries, in Waltham, MA. This highlights two important points: First, that dance is
finally in the process of being recognized, from the standpoint of both medical and
dance personnel, as a form of athletic activity. What this means to the dance
community is that it is increasingly enjoying access to the extensive resources of
sports medicine. Hence, if you are a dancer, or the parent of a dancer, and should
make your way to the Micheli Center, you might well find yourself in the hands of
one of our authors and can be confident that he or she will be fully conversant with
your needs.

Second, it is a highly significant development that with the emergence of the
Micheli Center the prevention of injuries has been institutionalized for the use
of the general public. In essence, the mission of the Center mirrors the screening
procedures that are now being implemented in many colleges, universities, con-
servatories, and some professional dance companies (as described in two chapters
of this book), but the majority of dance students still do not have access to programs
of that sort. To the best of our knowledge, the Center remains unique as of this date,
but its early popularity provides reason to believe that it will soon be replicated
elsewhere.

Finally, a cautionary note about the text you are about to encounter. A few of the
chapters are laced with medical terminology that may be unfamiliar to you. This is
the result of two factors: (1) the need to appeal to both dance and medical readers,
who we have assumed would mutually comprise the book’s readership, and (2) the
fact that the way medical personnel conceive of prevention involves an under-
standing of the potential injuries that could result from a given activity (like dance),
and that kind of understanding can only be communicated in the language of

ix



X Preface

medicine. Each chapter begins with definitions of its key terms, but if this remains
an issue for you, our advice is to just stay with it, as brushing up against these terms
here can come in handy when faced with an injury.

We salute your interest in keeping young dancers healthy so that they can realize
their full potential. As we all know, “prevention is the better part of cure.”

Cordially,
Ruth Solomon

John Solomon
Santa Cruz, CA, USA
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Chapter 1
Epidemiology of Injury in the Young
Dancer

Lindsay N. Ramey, MD and Amy X. Yin, MD

Pertinent Definitions

Pediatric: The term pediatric is used to describe pre-pubertal (skeletally immature)
and pubertal (approaching skeletal maturity) dancers. Studies referenced in this
chapter include patients aged 3—20 years. In this chapter the term “child” typically
refers to the pre-pubertal group, while the term “adolescent” typically refers to the
peri-pubertal or pubertal group.

Airplane test: A functional test for pointe readiness. The trunk is pitched forward
and the non-supporting leg is raised straight in extension, bringing the trunk and
non-supporting leg into a line parallel to the floor with the pelvis square to the
ground. The dancer passes if he/she performs 4 of 5 pliés with arms moving from
second position to the floor while maintaining lower extremity alignment.

Sauté test: A functional test for pointe readiness. The dancer passes if he/she
performs at least 8 of 16 consecutive single-leg sauté jumps while maintaining
neutral pelvis and lower extremity alignment, stable trunk, toe-heel landing, and
fully extended knee with pointed foot in the air.
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Topple test: A functional test for pointe readiness. The dancer passes if she per-
forms a pirouette en dehors from fourth position with the gesture leg in full retiré
and the support leg fully extended while maintaining a vertical trunk and demon-
strating a controlled landing.

Soft tissue injury: Damage to muscles, tendons, or ligaments throughout the body.
Strain: An injury to muscles or tendons that causes fibers to be stretched and/or torn.
Sprain: An injury to one or more of the ligaments that support a joint.

Tendon injury: Includes tendinitis (acute inflammatory tendon injury), tendinosis
(chronic tendon injury with cellular degeneration and no inflammation), and
tendinopathy (chronic tendon injury of any etiology). Specific examples in this
chapter include groin, ankle, and foot (pedis) tendon injury.

Jumper’s knee: Patellar tendon injury resulting in pain at the anterior, inferior knee.
Bony injury: Injury to bone or cartilage.

Growth plate or physis: A hyaline cartilage plate in the metaphysis of long bones
that is responsible for the longitudinal growth. Growth plates close as the child ages
and are not present in mature, adult bone.

Physeal injury: Injury to the growth plate, or physis.

Apophysis: A secondary ossification center in bone that acts as an insertion site for a
tendon.

Apophysitis: Injury, irritation, or inflammation of the apophysis.

Chondromalacia patella: Damage to the cartilage on the undersurface of the patella.
Patellofemoral pain: Anterior knee pain arising from the patella subchondral bone.
Spondylolysis: Bony defect or fracture within the pars interarticularis of the ver-
tebral arch in the spinal column, typically lumbar.

Ankle impingement: Painful mechanical limitation of ankle range of motion due to
osseous or soft tissue abnormality.

Introduction

Dancing requires a unique blend of artistry and athleticism. It is studied by indi-
viduals of all ages and comes in many forms. Given the variability of its participants
and its demands, it can be associated with a broad profile of injuries. For young
dancers, while some enjoy it as a form of recreation, others undergo intense and
prolonged training starting at an early age with the hope of embarking on a pro-
fessional career. Some researchers consider the intensity of dance second only to
football [1]. Because of its high physical demand, the risk of injury can be signifi-
cant. Furthermore, young dancers may be more vulnerable to such injuries due to the
physiological growth process [1, 2]. Here, we highlight some important factors to be
considered in assessing and managing injuries in this special population.
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The Young Dancer Population

A substantial portion of American youth participate in dance. Approximately
3.5 million children receive dance instruction from dance specialists across 32,000
private dance schools in the USA [3]. A recent national survey of adolescents
showed a 20% prevalence of dance participation, ranging from 8% for males to
38.4% for females [4].

Young Dancer Injury Statistics

The self-reported rate of injury among adolescent pre-professional dancers has been
cited as high as 4.7 injuries per 1000 dance hours [5]. This injury rate is similar to
that reported in other adolescent sports—comparable to youth indoor soccer (4.5
injuries/1000 h) [6] and higher than elite adolescent gymnastics (2.6
injuries/1000 h) [7] and figure skating (1.4/1000 h) [8]. In addition, dance injuries
can be quite severe, and often require urgent evaluation. Between 1991 and 2007,
113,084 children and adolescents aged 3—19 years were reportedly treated in US
emergency departments due to dance injuries [9].

Studies have shown that pre-professional dancers, aged 9-18 years, report
higher rates of injury (0.77-4.71/100 h) [10-12] than adult professional ballet and
modern dancers, aged 17-55 years (0.51-4.4/1000 h) [13-16]. Between 42.1 and
77% of ballet students aged 9-20 years have reported being injured at least once
during their training [10-12]. For pre-professional dancers, these injuries can have
significant effects throughout their dance careers.

Injuries do not plague only elite dancers; reported injury rates among recre-
ational dancers are also high. A 2013 study of 569 injured recreational dancers,
aged 8-16 years, found that 42.4% had reported a prior dance-related injury [17].

Given the high rate of dance participation, in conjunction with the high rate of
injury among young dancers, it is critical to understand risk factors, injury patterns,
and prevention and treatment strategies for dance injuries in the pediatric
population.

Risk Factors for Dance Injuries

Risk factors for dance injury are commonly classified as intrinsic or extrinsic.
Intrinsic factors are characteristics of the individual, while extrinsic factors are
related to the environment or training.

Among the intrinsic risk factors, age is of particular interest, as the prevalence
and type of injuries reported have been shown to vary by age [17]. Dance involves
repetitive movements in non-physiologic positions and requires significant
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neuromuscular control and balance, which places heavy loads on the joints and their
supporting structures [9, 14]. It has been theorized that pediatric dancers are vul-
nerable to such stressors due to maturing growth plates and the growth process itself
[1, 2, 18]. There is evidence to suggest that young dancers may be at particular risk
of injury during the peri-pubertal period and its associated growth spurt. While
determination of pubertal onset for males can be difficult as there is no one defining
characteristic, puberty typically occurs around age 12 in females, usually marked by
the onset of menarche [19]. Recent research has shown that cartilage active
throughout the pubertal growth spurt may be more susceptible to injury than
immature or mature bone [1]. The loss of flexibility that occurs during this time
period, as bones grow faster than ligaments and tendons, has also been theorized to
increase injury risk [20, 21]. Overall, the intensive and specialized training required
of dancers may create conditions that cause the growth process to predispose the
adolescent dancer to injury. However, there is no clear consensus based on the
current literature confirming the relationship between age, growth, and injury.

While other intrinsic risk factors have been studied extensively, few high-quality
studies have emerged. A recent systematic review evaluated the current evidence
regarding risk factors for musculoskeletal injury in pre-professional ballet and
modern dancers, aged 18 years or younger, but, due to the lack of studies worthy of
full consideration in the review, no definitive conclusions could be reached [22].
There was low-level evidence suggesting that previous injury, insufficient psy-
chological coping skills, low body mass index, poor aerobic capacity, abnormal
lower extremity alignment in turnout, and perfectionism may be associated with
increased risk of injury in pre-professional young dancers [22]. Studies on addi-
tional intrinsic risk factors in young dancers have shown inconsistent results.

Extrinsic risk factors hypothesized as contributors to dance injury include poor
technique, improper training, inappropriate scheduling to prevent fatigue, lack of
strengthening to prevent muscular imbalances, and suboptimal equipment, includ-
ing footwear and floor type [23]. These are areas of particular interest, as they are
modifiable aspects of training. In the aforementioned systematic review, only jump
landing technique and fatigue had low-level evidence to suggest an association with
injuries in young dancers [22]. In a study by Liederbach et al., adult professional
dancers were shown to have different landing kinetics/kinematics and increased
resistance to fatigue-induced changes compared to other female athletes, who incur
higher rates of ACL injuries. Prevention of fatigue and proper jump technique were
therefore proposed as protective mechanisms against specific injuries, including
ACL injuries [24, 25]. These results have been echoed in studies that have linked
training intensity with increased injury incidence among adolescent dancers [21].
However, despite the vast quantity of studies examining extrinsic risk factors,
insufficient high-quality data exist to make definitive conclusions regarding
extrinsic risk factors for musculoskeletal injury in young dancers.
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Injuries by Dancer Demographics

Age

For reasons previously described, age and growth have been hypothesized to be risk
factors for dance injuries. Studies have shown that young dancers in the
peri-pubertal period have a higher rate of injury than young dancers at other ages
[10, 21, 26]. In a 2014 survey-based study of 806 young dancers, 11-12 year olds
were found to have a higher rate of injury (1.55/1000 h) than 13-18 year olds
(1.17-1.24/1000 h) [21]. This was consistent with prior studies showing that
dancers < 10 years or 14—16 years of age had lower injury rates than dancers aged
11-13 years [10, 26].

Injury location has been shown to differ among age groups. The lower extremity
has consistently been identified as the most common site of injury in pediatric
dancers of all ages and all dance styles [17, 20, 21, 26]. However, younger dancers,
aged 8-11 years, have shown high rates of injury to the foot and ankle [17, 20, 26],
while older dancers, aged 12—18 years, have shown increased rates of injury to the
knee and hip [17, 20, 21, 26]. Results regarding the distribution of injury at the
spine and upper extremities among age ranges are conflicting [17, 20, 21, 26].

The type of tissue injured has also been shown to differ among age groups [17,
20, 21, 26]. A recent study of young dancers of any discipline showed that pediatric
dancers, aged 8—11 years, more commonly injured bony structures, while adoles-
cent dancers, aged 12—18 years, had similar rates of bony and soft tissue injuries,
suggesting that soft tissue injuries increase in frequency as the young dancer grows
[20]. Similarly, Steinberg et al. [17] found that ligament and tendon injuries
increased in frequency with increasing age (from 4% in 8—10-year olds to 13.7% in
16-18-year olds) among young dancers of all disciplines.

Gender

Gender-specific research is limited in young dancers. The majority of dance
research has been performed in ballet and has largely focused on females, likely due
to their increased participation compared to males [4]. In a 2002 prospective study
of 39 adolescent dancers of various disciplines, aged 14—18 years, males reported
injuries twice as frequently as females (8.4 vs. 4.1 injuries/1000 dance hours) [5].
However, in a recent study of 266 pre-professional ballet dancers, aged 15—
19 years, no significant difference in the rate of injury was found between sexes
[12]. Likewise, in a recent systematic review, the rate of injury in adolescent male
ballet dancers (1.08 injuries/1000 dance hours) was similar to that of adolescent
female ballet dancers (0.99 injuries/1000 dance hours). These findings suggest that
adolescent male ballet dancers have equivalent injury rates to females, while male
dancers of other disciplines may have an increased risk for injury compared to
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females. Further research for causation and replicability is needed. Of note, these
results somewhat contrast with the literature in adults, which suggests that pro-
fessional male ballet dancers have a higher rate of injury than their female coun-
terparts [16, 27].

No consistent gender differences have been found in the types of injuries
reported among adolescent dancers. In 2011, Leanderson et al. [10] found that
young ballet dancers reported a similar breakdown of overuse (77%) and traumatic
(23%) injuries, regardless of sex. In 2014, Steinberg et al. [21] found no significant
gender differences in injury type or location among adolescent dancers of various
disciplines. Again, this contrasts with the literature published for professional adult
ballet dancers, which suggests males more commonly suffer from acute injuries [14,
28, 29] and injuries to the upper extremity when compared to females [14]. The
conflicting data between adolescent and adult male dancers may reflect the unique
demands of the older male dancer, which include increased partnering work
(especially lifts), particularly in ballet.

Injuries by Dance Discipline

Ballet

The vast majority of dance research has been conducted in ballet, at either the
professional or pre-professional level. A few studies have evaluated muscu-
loskeletal injuries in ballet dancers aged 21 years or younger. A recent systematic
review encompassing four retrospective studies of 1147 amateur ballet dancers,
mean age 16.2 years, reported a rate of ballet-related injuries of 0.97 injuries/1000
dance hours [29]. This is lower than the 4.7 injuries/1000 dance hours reported by
Luke et al. for dancers of all disciplines [5]. While this may truly reflect a decreased
injury rate among adolescent ballet dancers compared to adolescent dancers of other
disciplines, it should be noted that different reporting methods were used in these
studies (i.e., retrospective review vs. self-reporting), which may also contribute to
this discrepancy. Limited data are available comparing the rate of injury among
adolescent ballet dancers to other dancers. A 1996 study noted that new lower
extremity injuries were less common in ballet students than modern students by
about half; however, this was not the primary purpose of the study, and data
presentation makes confirmation and/or other comparisons unavailable [30].

In the aforementioned review, overuse injuries were reported to account for
approximately 75% of injuries in amateur ballet dancers, ranging from 72 to 82.9%
[10-12, 31], which was slightly higher than that reported in adult professional ballet
dancers (66%) [29]. No data were available for comparison to other dance styles.

Among young ballet dancers, the lower extremity is the most commonly affected
body region [10-12, 32]. Within the lower extremity, injuries have been reported
most commonly at the foot and ankle region [10-12, 32]. In a 2008 study by
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Gamboa et al., the majority of injuries among elite American ballet students aged
9-20 years were found to occur at the foot/ankle (53%), followed by the hip
(21.6%), knee (16.1%), and back (9.4%) [11]. In 2011, Leanderson et al. found a
similar breakdown during a retrospective review of 476 elite Swedish ballet stu-
dents, aged 10-21 years, with 76% of injuries occurring in the lower extremity and
51.6% of those at the foot/lower leg [10]. More recently, Ekegren et al. performed a
one-year prospective study of 266 elite British ballet students, aged 15-19, and,
similarly, found that the majority of injuries (77%) occurred in the lower extremity,
with 33% in the ankle, 22% in the lower leg, 20% in the foot, 13% in the knee, and
10% in the hip/groin [12]. This study also assessed the type of tissue injured and
found that injuries to the joints and their supporting ligaments, particularly at the
ankle, were most common. A similar distribution of injuries has been reported in
adult ballet dancers. In a 5-year study of 98 professional Swedish ballet dancers,
75% of injuries were reported in the lower extremities, with the ankle and foot
region being most commonly affected [14]. Details on specific diagnoses are dis-
cussed further in the “Injury Diagnosis” section below.

Though less common than lower extremity injuries, spine and trunk injuries
have also been reported among young ballet dancers. In a recent review by Caine
et al., spine and trunk injuries accounted for 9.8 to 24% of injuries in young ballet
dancers [32]. The majority of these injuries involved soft tissues, including low
back strain [32]. While bony injuries have been less reported, stress fractures of the
lumbar spine are worthy of particular mention, as they have been found to account
for 10% of all stress fractures affecting pre-professional ballet dancers aged 15—
19 years [33].

While different styles of ballet exist and have been studied in the adult popu-
lation, this has not been done in young dancers. Of particular interest is the effect of
en pointe dancing on injury patterns in the developing dancer. Limited data exist
regarding the appropriate time to introduce pointe in the young dancer. There is
some evidence to suggest that functional tests, such as the Airplane, Sauté, and
Topple tests, may be more useful for gauging pointe readiness than chronological
age, though this has not been shown to affect injury rates [34]. It has also been
suggested that dancers who use demi-pointe shoes prior to transitioning to pointe
may have a lower risk of injury to the foot and ankle [35]. The relationship between
the intensity of pointe training and injury has also been brought into question.
A 2013 study found that young dancers, aged 8—16 years, who spent more than
60 min/week en pointe had a higher rate of back injuries and foot and ankle
tendinopathy compared to dancers who did not [17], though these results have not
been consistently reproduced. A detailed discussion of pointe readiness and pointe
training intensity is beyond the scope of this chapter.
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Irish Dance

In recent years, Irish dance has grown in popularity. As more children are partic-
ipating in competitive Irish dancing, more injuries are being reported. While
research is limited, a few studies have evaluated patterns of youth dance injury in
this genre. A chart review of 255 patients attending Irish dance schools requiring
evaluation at a sports medicine or orthopedic clinic noted that almost all injuries
(95%) occurred in the pediatric population [36]. Like most other dance styles, the
majority of injuries were overuse (80%) and occurred in the lower extremities
(95.9%), specifically at the foot (33.2%), ankle (22.7%), knee (19.7%), and hip
(14.4%). Specific diagnoses included tendon injury (13.3%), apophysitis (11.4%),
patellofemoral pain (10.8%), and stress injury (10.1%), all of which are commonly
seen in other dance styles [36]. A more recent survey-based study of 36 competitive
Irish dance students, aged 12 years or older, attending an accredited dance school in
Calgary, supported the finding that Irish dance injuries most commonly occur at the
foot and ankle (67%). However, in this study the majority of injuries were recorded
in elite-level dancers and dancers over 18 years of age [37]. Both studies are small,
but mutually suggest that Irish dancers most often suffer from foot and ankle
injuries. However, it is unclear which age groups are most vulnerable; further study
may reveal more consistent injury trends.

Other

Limited data are available regarding other dance styles, and nearly all studies have
focused on adult populations. As noted above, one study comparing 107 ballet and
41 modern pre-professional dancers attending the North Carolina School of the Arts
found that modern dancers had a higher rate of lower extremity injury [31]. No
other studies focused on adolescent modern dancers were identified.

Studies evaluating injuries associated with other styles of dance, including
Broadway, hip-hop, tap, jazz, ballroom, ethnic, and breakdance, have focused on
adult populations or included mixed age groups. Therefore, no conclusions can be
reached about injuries associated with these dance styles among pediatric dancers.

Injuries by Characteristics

Injury Location

The distribution of injury by anatomical location among dance students has been
assessed in multiple studies, though most have focused on ballet students and are
discussed in the ballet section above.



1 Epidemiology of Injury in the Young Dancer 9

A few studies have been conducted in young dancers participating in any dance
discipline and have, similarly, shown a high rate of injury in the lower extremities.
The knee has been shown to be most commonly involved in all dancers, followed
closely by the foot and ankle [17, 21, 38]. In a 2013 epidemiological study of 569
injured female recreational dancers from the Israel Performing Arts Medicine
Center, aged 816 years, the lower extremity was the most commonly injured area
of the body. Knee injuries were most common (40.4%), followed by “other inju-
ries” (23.4%), back injuries (19.2%), and ankle and foot tendinopathy (17.0%) [17].
This high rate of knee injury was reproduced by Yin et al. in a 2015 retrospective
cross-sectional epidemiological study of 181 injured pediatric dancers, aged 5—
17 years. Injuries most commonly occurred in the lower extremity, with the
majority affecting the knee (28%), ankle (21.2%), foot/toe (16.7%), hip (13.1%),
and spine (11.7%). Similar results were found in a 2014 study assessing the injury
profile of 806 young dancers, aged 10-18 years, attending UK Centres for
Advanced Training, in which “other lower extremity” injuries (including the knee)
accounted for the majority of injuries (21.8%), followed closely by foot and ankle
injuries (19.3%) [21].

Of note, the use of different classification systems of body regions and the use of
unspecified “other” categories make comparing results across studies difficult and
likely contributes to the discrepancies seen among studies. A standardized system to
specify body regions of dance-related injuries is needed.

Injury Etiology

The etiology of injury is commonly classified as either traumatic (acute) or overuse
(chronic). The majority of research on the etiology of injury among young dancers
has focused on ballet students, and has shown that most injuries in this population
are overuse in nature [10-12, 32], as discussed above.

Injury Type

In recent research, dance injuries have been classified by the type of tissue involved;
common groupings including bone, joint, soft tissue (tendons and/or muscles), and,
rarely, physeal injuries. As this type of reporting has only been included in more
recent studies of pediatric dancers, literature in this area is limited. Among ballet
dancers, only one study was identified that assessed injury type based on tissue. In
the aforementioned study by Ekegren et al., injuries most commonly involved joint
structures or their supporting ligaments (46%), followed by muscles and tendons
(30%), bones (19%), and “other” (5%) [13]. While other studies have not focused
on tissue type specifically, the most common diagnoses have involved tendons,
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ligaments, or other joint structures [6, 11], supporting the hypothesis that these are
frequently affected tissue types among young ballet dancers.

A few studies of dancers in other styles have assessed tissue type involved in
injury. Their results have been conflicting. In the Steinberg et al. study of young
British dancers, muscle injuries were most common among all ages, though liga-
ment and tendon injuries increased with age [22]. However, in the Yin et al. study
of young American dancers, joints injuries (42%) were most common among all
ages, followed closely by soft tissue injuries (including muscles; 31%). Injuries less
often involved bones (20%) and growth plates (7%) [39]. Of note, this was the first
study that included physeal injuries as a tissue category among pediatric dancers.
Further research is needed in this area, as physeal injuries, which are unique to the
skeletally immature, can result in long-term growth abnormalities.

As shown above, different grouping systems have been used in each study,
making direct comparisons between studies difficult. Despite this limitation, it
seems that young dancers of all disciplines commonly injure joints and supporting
soft tissue structures.

Injury Diagnosis

Numerous studies have assessed the most common dance-related injuries that occur
in the pediatric population [2, 5, 10-12, 17, 20, 21, 26, 29, 32, 38]. Again, a
majority of these have evaluated ballet dancers. Studies have reported high rates of
tendinopathy, ligament sprains, and muscle strains, and low rates of fractures or
bony stress reactions [5, 10]. Leanderson et al. found that the most common
diagnoses were tendinosis pedis (12.8%) and ankle sprain (11.4%). These were
followed closely by low back pain (10.3%), groin tendinosis (9.4%), jumper’s knee
(7.1%), and chondromalacia patellae (5.7%). Few fractures were seen (2.7%); of
those that occurred, the metatarsals (67%) were the most common site [10].
Similarly, Luke et al. reported Achilles tendinopathy to be the most common
foot/ankle injury among adolescent ballet dancers [5]. In contrast, Ekegran et al.
found the most common diagnosis to be “lower leg overuse injury” (10.3%), with
shin splints being the most common type of overuse injury (8.7%). This was
followed closely by ankle synovitis/impingement/bursitis (8.7%) and ankle tendon
injury (7.1%). Similar to Leanderson et al., foot and tibial stress reactions/fractures
were found to account for only a small portion of injuries (4.0 and 1.3%, respec-
tively), though these injuries accounted for the longest time out of dance [12].
Studies among adult professional ballet dancers have shown similar results, with the
most common injuries being ankle sprains and tendinosis, most frequently to flexor
hallucis longus, the Achilles, or the peroneals [14].

In addition to the above diagnoses, dancers involved in other disciplines com-
monly suffer from knee injuries, specifically patellofemoral pain [21, 38]. Of the
181 dancers in the Yin et al. study, 25 suffered from tendinopathy (11.3%) and 23
from patellofemoral pain (10.4%) [38]. In contrast to ballet dancers, patellofemoral
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pain was seen almost as frequently as tendinopathy. Other common diagnoses
included apophysitis (6.3%), ankle impingement (6.3%), hip labral tear (5.9%),
joint instability (5.0%), sprain (5.0%), strain (4.5%), pars stress
reaction/spondylolysis (4.5%), and other stress reaction/fractures (4.1%) [38].
While no other studies were identified that clearly described injury diagnosis among
pediatric dancers, a higher incidence of injury at the knee has been described and is
discussed in detail above in the Injury Location section [17].

Interpretation of data from these studies is limited due to inconsistent catego-
rization of diagnoses, inadequate definitions of each injury, and lack of specificity
of all diagnoses (e.g., include only the most common injuries).

Conclusion

While by no means comprehensive, this chapter provides an overview of the current
literature on musculoskeletal injuries in young dancers. Hopefully, as we better
understand the patterns of injury in these dancers, focus can turn to prevention
strategies. Given the diversity of movement requirements, a unified protocol of
injury prevention may be difficult to develop. However, some key concepts and
themes have emerged from the available studies that may already be applied. First,
given the role of fatigue as a potentially modifiable extrinsic risk factor, peri-
odization in dancer training may be a way not only to improve performance, as
demonstrated in other sports, but also to reduce injury rates [39]. Also, individu-
alized conditioning programs using injury history and functional movement screen
have been demonstrated to be effective in reducing injuries in adult professional
ballet dancers [40]. Ultimately, a personalized program involving an interdisci-
plinary team, including parents, dance teachers, and healthcare providers, who work
together to evaluate growth, technique, and training intensity may be the best way
to ensure the health of young dancers.
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Chapter 2
Screening the Young Dancer:
Summarizing Thirty Years of Screening

Nili Steinberg, PhD and Itzhak Siev-Ner, MD

Pertinent Definitions

Screening: The process of applying tools that measure functional capacities in
individual dancers such as range of motion (ROM), body alignment, and relevant
anatomic deviations. The goal is to help prevent injuries by providing guidance for
training adaptations and skill acquisition.

Joint range of motion (ROM): Refers to the number of degrees of motion that are
present in a joint, as commonly assessed by use of a goniometer.

Turnout: The ability of a dancer to stand and move with the legs externally rotated
at the hip so that the toes are directed diagonally away from the midline of the body.
Joint hypermobility: Joint hypermobility is characterized by increased joint flexi-
bility, where the joints move beyond the “normal” limits. The primary cause of
hypermobility is attributed to changes in the collagen fiber structure, which is
inherent and determined by the fibrous protein genes. This characteristic is often
assessed by use of the Beighton scale.

Anatomical alignment: The arrangement of body segments as seen in various
postural positions. The ideal or standard alignment involves a minimal amount of
stress and strain and is conducive to maximal efficiency of the body.

Incorrect dance technique: Bad habits or patterns of movement, frequently
involving lack of sufficient ROM in a specific joint that is compensated for at other
joints, causing excessive shear forces that may result in a breakdown of tissue.
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Introduction

As most dance injuries are caused by overuse or misuse, many dance medicine
researchers have been occupied with finding a means to prevent these injuries. In
general, this research aims to ascertain whether the injury in question was the result
of one or more of the following:

e A structural flaw (i.e., are some anatomical characteristics particularly con-
ducive to injury?);

A specific dance style (ballet, modern, jazz, etc.);

Faulty technique that exposes the tissues to excessively high loads;

Intensity (i.e., the tolerance of load is related to the scale of training);

Age (growth and development);

Hormonal factors;

Environment (floor, shoes, studio temperature, etc.); and

Inadequate nutrition.

It has become obvious that the risks involved are multifactorial, and that in order
to draw meaningful and significant conclusions a Sisyphean task is required. These
authors set out to develop and implement a screening instrument that could be used
with groups of dancers to analyze each individual’s potential for overuse injury.
The larger, more defined, and uniform the studied groups were, we believed, the
more accurate the conclusions drawn would be. The challenge we faced was to
know what parameters to examine, record, and compare. At the start we took a
decision to collect as many parameters as possible, bearing in mind that some
would prove to be insignificant—yet this could not be known until we tested and
verified the usefulness of each one. The interpretation of the studies enabled us to
understand what is important to ask, collect, and measure. Thus, we now may be
able to suggest a target-oriented screening process that is reproducible and can
focus on the issues that matter most to the dancers.

Such an effort is worthwhile if the conclusions reached can be implemented and
make a difference—e.g., reduce the rate of injuries; prevent unrealistic expectations
of young dancers, their parents, and teachers; offer better health and functioning,
and longer-lasting careers.

Screening and profiling runs the risk of blocking opportunities to talented stu-
dents who do not have the “ideal” body type. We should be very careful in
establishing what the “best” profile is for a successful dancer. However, if we use
the screening information wisely we may be able to anticipate injuries and focus on
prevention through proper guidance and cautious teaching.

After a journey that has lasted several decades, screened over 3000 dancers, and
involved many skilled scientists, medical personnel, and teachers, we now better
understand the risks for injuries, and some of that knowledge is presented in this
chapter. The best proof of the value of this information is that the rate of some
typical injuries has diminished in the dancers we have screened. Dancers now have
a better chance of completing a long career, despite the increasing demands and



2 Screening the Young Dancer: Summarizing Thirty Years of Screening 17

expectations of such a dynamic and competitive occupation, where the bar keeps
moving higher and higher.

Background

The desire to create the “ideal” dancer should not distract us from selecting what are
regarded as the best characteristics for a professional dancer. Possessing certain
anatomical structures may facilitate achieving the high demands of dance tech-
nique, yet much more has to do with talent, artistic qualities, etc. The role of the
medical team is not to judge who is going to become a good dancer; our respon-
sibility is to enable each student to do the best they can with their innate qualities,
and to promote proper technique and use of their body. As such, the medical team
acts as an advisor to teachers, dancers, and choreographers; it does not replace
them.

Aims of Screening the Young Dancer

The individual student dancer, as well as the teachers and medical team, benefit
from the outcomes of screening. The former will be informed of his/her risk factors
and how to prevent personal injuries; the latter will better understand the risk factors
and mechanisms of injury by deducing conclusions from the accumulated data and
its analysis presented in scientific studies.

The art and responsibility of the teachers and medical team is to determine what
to assess and what conclusions can be drawn. Thus, the goals are:

1. To detect risk factors at an early stage in order to prevent injuries.

2. To learn the body characteristics of the individual dancer so that they can be
used as a baseline for comparison when injuries occur.

3. To collect data for research in order to be able to distinguish between “normal”
and any deviation (i.e., to build an ideal profile of the dancer by defining what is
“normal”).

Collect the Maximum Data

1. Record previous and current impacting factors, such as years of training, age at
which female students started pointe work, current hours dancing per day/week,
dance style.

2. Measure anatomical and morphological characteristics, such as height and
weight, leg length, joint ROM, alignment, and anatomical variations.



18 N. Steinberg and I. Siev-Ner

3. Obtain information regarding factors that may affect performance (e.g., dance
technique), as well as more holistic factors (nutrition, emotional and psycho-
logical, etc.).

4. Assess any current injury; record previous medical problems and resulting
deficits; identify unrecognized injury.

Timing

Dance students should be screened at the earliest opportunity, preferably prior to, or
immediately after, joining a high-level dance class. A full screening should be
performed initially, followed by modified screening usually performed at the
commencement of each school year.

There may be some specific concerns about the screening protocol during the
growth and developmental stages of the young dancer, bearing in mind the different
individual (hormonal) maturation rates.

Pre-pubertal Dancers (Age 6-10 Years)

Youngsters may start dance lessons as early as 4 or 5 years old. There are mainly
two considerations with the pre-pubertal age group:

1. The manifestation of previously unrecognized congenital deviations;

2. At this age students usually do not sustain high impact injuries; they take one to
three classes a week and the classes are short in duration. Yet, during this period
they may acquire “imprinting,” i.e., faulty movement habits that may follow
them for years and eventually become injurious. Hence, the screening staff
should make every effort to determine whether the student is being exposed to
good instruction.

The medical staff can exert a great deal of influence on the dancer’s education,
because habits are just being established and brain plasticity is still quite malleable.
After the correct methods of dance technique are explained a high degree of
compliance can be expected.

Pubertal Dancers (Age 11-14 Years)

Most dancers at this age are involved in a considerable number of practice hours per
week (h/week), and the effect of time and highly demanding exercises on their
maturation should be addressed. During the pubertal period dancers are undergoing
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rapid growth and developmental changes, accompanied by risk factors related to the
“growth spurt”. Bones normally grow faster than ligaments and tendons (which
become “shorter” relative to bone length), and dancers who force their soft tissues
into larger ROM expose themselves to a higher incidence of injury [1, 2]. Students
who sense that their ROM is decreasing may force the joints beyond their limit,
creating mini tendon and muscle tears that will scar the soft tissues and further limit
the joints’ range, thus initiating a vicious cycle. Simple explanations by a teacher or
screener may avert these consequences.

Excessive repetitive movements such as working en pointe and demi-pointe may
create high load and strain on muscles and ligaments and have been found to
increase the prevalence of injuries during the pubertal period [3, 4]. Most dance
educators and healthcare practitioners would agree that dancers need a minimum of
3—4 years of ballet training and the attainment of the chronological age of 12 years
before they can acquire the technical skill and motor control necessary to begin en
pointe work [5, 6].

Adolescent Dancers (Age 15-18 Years)

This group includes students who usually have had some years of practice, yet there
may also be some beginners. At this age the intensity as well as the total number of
training h/week increases significantly, sometimes reaching a “semi-professional”
level and load. These dancers are at the highest exposure to risk. Their motivation
and ambition might exacerbate the risk, as this is also the time they will elect or be
selected to devote themselves to becoming professional dancers.

Insights from the Screening

Age

Young (age 6-18 years) dancers are a unique group. As previously stated, they are
in the phase of growth and development. Their dance intensity and hours of practice
can place a great physical load on their growing musculoskeletal system. Certain
dance techniques (such as dancing en pointe) may exceed the young dancer’s
ability to cope with the high demands during this period.

The results from screening 1336 young dancers demonstrated an increased
prevalence of injuries in the age group of 8—16; whereas at 8 years old one out of 10
girls experienced an injury, by the age of 16 every third girl had suffered an injury
[7]. On the other hand, another study of 806 young dancers attending Centres for
Advanced Training (UK) demonstrated no difference in the rate of injuries with
increasing age (11-18 years) [8]. Most dancers trained from 6 to 11 years before
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their first injury occurred [7]. A high rate of dancers with recurrent injury (27.7%) is
already noted in dancers of a very young age (9 years), a rate that rises to 46% at
the age of 16 years [7]. The average time elapsed between the first and second
injury is age-dependent; the older the dancer, the smaller the time gap between the
first and second injury [7].

Dance History

Obtaining the students’ dance history reveals information regarding the number of
years they were exposed to dancing and its possible accumulative impact on their
bodies. Specific screening questions should refer to the age that they started the
following:

Dance classes,

Ballet dancing,

Modern dancing,

Other types of dancing,

Dancing more than 10 h per week, and
Dancing en pointe.

Impact of the Current Training Program

Specific questions concerning the current impact of dance training should include
the following:

e Total hours of practice per week in each technique,
e Number of days per week that the dancer practices more than 4 h/day, and
e Total h/week of en pointe work.

Screening of 1336 young dancers showed no statistically significant association
between total h/week of dance training and injuries, although the injured girls
tended to dance more h/week than the non-injured dancers. A significant associa-
tion between dance practice in a specific position (en pointe) and injury was
observed (p < 0.001): 43% of the dancers who trained en pointe more than 60 min
per week had an injury compared with just 29% of the dancers who practiced this
position for less than 60 min per week [9]. Among the 806 UK dancers mentioned
earlier the young injured dancers practiced more h/week than the non-injured
dancers of the same age cohort. The percentage of injured dancers who practiced
more than 2 h/week in modern dance style was higher than the percentage of
injured dancers who practiced between 1 and 2 h/week of modern dance. No dif-
ferences were found between dancers who practiced >3 h/week of ballet and
dancers who practiced <3 h/week of ballet [8].
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Age at Onset of Menarche

The screening should address:

e Age at onset of menarche,
e Frequency of menarche (regular/irregular), and
e Dysmenorrhea (yes/no).

Extensive involvement in sport may delay physical development and menstrual
function [10], unless the activity is reduced [11]. Young female dancers showed
delayed age at menarche and higher frequency of delayed menarche compared with
age-matched controls [12-14].

Dancers who began training before menarche have been shown to experience a
later menarche and had an increased incidence of menstrual dysfunction when
compared to girls who began training after menarche [12—14]. Dancers with
delayed menarche have manifested lower body weight, lower bone mass, and
higher frequency of stress fractures at the transitional stages of puberty than dancers
with normal age onset of menarche [15, 16]. As a certain percentage of body fat
(>17%) is necessary for regular ovulatory cycles, it is understandable that nutri-
tional shortcomings, low body fat, and a high ratio of lean mass to body weight in
young dancers will delay the adolescent growth spurt, retard the onset of menarche,
and cause menstrual disturbance [2, 17]. Comparing age at menarche of injured and
non-injured dancers showed no significant difference. Injured dancers had more
occasions when their menarche stopped for >3 months compared to non-injured
dancers [8]. Screening a large group of young non-professional dancers demon-
strated no association between the age of onset of menarche and injuries, mani-
festation of scoliosis, joint hypermobility, or hallux valgus [4, 18-20].

Anthropometric Measures

Data concerning weight, height, and BMI are essential for understanding the
anthropometric characteristics of the young dancer. Young dancers are significantly
leaner and have lower BMI compared to age-matched non-dancer controls [21-23].
The low body weight found in young ballet dancers is most likely associated with a
light skeletal frame and below average amount of muscle tissue [23].

Other anthropometric data, such as leg length (Fig. 2.1) and foot length dis-
crepancies, are important mainly for identifying any deviations from the normal
posture. Segmental discrepancies should be noted as they might be predisposing
factors for posture mal-alignments such as scoliosis, some common compensatory
mechanisms during certain dance movements, and overuse syndromes commonly
found among dancers [24, 25].
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Fig. 2.1 Leg length measurement. Photograph courtesy of James Koepfler

Joint Hypermobility Syndrome

Joint hypermobility is a condition in which most of the synovial joints move
beyond the “normal” limits. It is recognized as a feature of heritable disorders of the
connective tissue (changes in the collagen fiber structure regulated by the fibrous
protein genes) and is generally identified by use of the Beighton scale [26]. Among
dancers hypermobility refers to weak joint stability. It is the result of long and loose
ligaments and certain structural deviations such as shallow joint surfaces, making
dancers with hypermobility more vulnerable to musculoskeletal injury and to
prolonged periods of post-injury recovery [27-30].

Hypermobility characteristics are considered by dancers to be of great aesthetic
benefit, with general agreement that they confer advantages in career advancement
[31, 32]. From a medical point of view, hypermobility is a genetic phenomenon [33,
34], yet some authorities claim that it is related to years of incorrect technical
execution of dance exercises, which is capable of exacerbating the condition [35].

Among young dancers (aged 8—16 years) joint hypermobility was found to be
very common and showed an increased prevalence with increasing age [20]. This is
likely due in part to some self-selection of body type, with dancers who could not
match what is perceived to be the “perfect” dance movements performed by their
hypermobile counterparts dropping out [2, 36, 37]. Teachers frequently promote
this process by favoring those dancers who exemplify the aesthetically ‘“correct
body shape” to become professionals [2, 36, 37].

Hypermobility should be addressed in young dancers, as pubertal hypermobile
female dancers are at high risk for suffering from chronic musculoskeletal pain and
arthralgia [2, 36, 37]. It has been frequently observed that young female dancers
with hypermobility and resulting pain have lower motivation, higher prevalence of
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dropout from their ballet career, and greater risk for injuries compared to their peers
[32, 35, 36, 38].

Knee Laxity

Screening examination should include:

Laxity around the knee joint: medial/lateral laxity of the knee (Fig. 2.2);
Lachman test and drawer test;

Medial/lateral mobility of patella in extended knee; and

Medial/lateral mobility of patella in 30° of knee flexion.

In one study adolescent dancers (12—14 years old) with patellofemoral pain
syndrome were found to have greater prevalence of patellar laxity in the extended
knee and in 30° flexion of the knee compared to non-injured dancers [39]. It was
suggested that excessive lateral tracking of the patella increased the forces and
stresses between the patellar articular surface and the femur throughout knee ROM
[39]. Although another study showed that patellar mobility was not associated with
the development of patellofemoral pain syndrome [39], knee instability should be
screened as it might predispose the dancer to overuse injuries [40].

Fig. 2.2 Knee lateral (a) and medial (b) laxity assessments. Photographs courtesy of James
Koepfler
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Passive Joint ROM

Dancers should be screened for the most important joints’ ROM (Fig. 2.3):

Hip (flexion, extension, abduction, external rotation, internal rotation);
Knee (flexion, extension);

Ankle (dorsiflexion, plantar flexion);

Foot (en pointe); and

Combined joints’ ROM (lower back and hamstring).

The ROM measurement procedure was described previously by a number of
experts in dance medicine who determined the norms and movements essential in
dance-related screening [41, 42] (Table 2.1).

Fig. 2.3 From left to right: Upper row, combined passive ankle and foot plantar flexion (pointe);
passive plantar flexion of the ankle joint. Second row, passive dorsiflexion of the ankle joint;
passive external rotation of the hip joint; passive internal rotation of the hip joint. Third row,
passive abduction of the hip joint; active extension of the hip joint; passive flexion of the hip joint.
Bottom row, passive flexion of the knee joint; lower back and hamstring flexibility. Reprinted with
permission from Steinberg et al. [43]
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Table 2.1 Passive joint ROM: physician observations and classifications into 3 groups: hypo
ROM (> —1 S.D. of mean), average ROM (%1 S.D. of mean), and hyper ROM (> +1 S.D. of
mean), based on ROM distribution for each joint obtained from 1314 dancers aged 8—16 years [43]

Joint Passive Physician observations Classifications
movement
Foot and Dorsiflexion | The angle between the long Limited ROM < 5°
ankle axis of the medial border of Average ROM 6-15°
the tibia and the long axis of | Hyper ROM > 16°
the medial aspect of the foot
Plantar The angle between the long Limited ROM < 45°
flexion axis of the medial border of Average ROM 46-64°
the tibia and the manually Hyper ROM > 65°
palpated navicular
En pointe The angle between the long Limited ROM < 75°
axis of the medial border of Average ROM 76-90°
the tibia and the manually Hyper ROM > 91°
palpated distal head of the
first metatarsal
Knee Extension In the extended knee, the Average ROM 0°
angle between the long axis Hyper ROM > 5°
of the thigh and the long axis
of the tibia
Flexion In the flexed knee, the angle Limited ROM < 140°
between the long axis of the Average ROM 141-150°
thigh and the long axis of the | Hyper ROM > 151°
tibia
Hip Active In the active extended hip, Limited ROM < 20°
extension the angle between the Average ROM 21-39°
midaxillary line (the axis on Hyper ROM > 40°
the greater trochanter) and
the long axis of the thigh
between the greater
trochanter and the lateral
epicondyle of the femur
Flexion In flexed hip, the angle Limited ROM < 135°
between the midaxillary line Average ROM 136-150°
(the axis on the greater Hyper ROM > 151°
trochanter) and the long axis
of the thigh between the
greater trochanter and the
lateral epicondyle of the
femur
Abduction Hip abducted in frontal plane | Limited ROM < 45°

in neutral rotation (of the hip)
with the foot perpendicular to
the floor. Range was
measured between a line
from the umbilicus and the
symphysis pubis and the long
axis of the abducted thigh
(between the umbilicus and
the patella)

Average ROM 46-59°
Hyper ROM > 60°

(continued)
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Table 2.1 (continued)
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Joint Passive Physician observations Classifications
movement
External In the flexed knee and Limited ROM < 50°
rotation externally rotated hip, the Average ROM 51-60°
angle between the vertical Hyper ROM > 61°
axis and the anterior border
of the tibia
Internal In the flexed knee and Limited ROM < 45°
rotation internally rotated hip, the Average ROM 46-65°
angle between the vertical Hyper ROM > 66°
axis and the anterior border
of the tibia
Lower Flexion In extended knees and Limited ROM < 1 cm
back and planter-flexed ankles, the distance between forehead
hamstrings dancer leaned forward with and knees. Hyper ROM >
the forehead toward her forehead touching the knees
knees

The term joint ROM is defined by the “musculotendinous unit length” and the
“musculotendinous unit flexibility,” and thus refers to the ROM available in a
single joint [44, 45]. Several factors affect joint ROM in a particular joint, including
the shape of the articulating surface, the shape of the articular capsule, ligamentous
structures, the structure of the bony surfaces, muscle fat content, and muscle ten-
sion. All of these are genetically determined [46, 47]. There are clinical guidelines
and norms for evaluating each specific joint (such as the hip, knee, and ankle joints)
and each specific passive movement (such as flexion, extension, and rotation),
which are normally measured with a goniometer [48, 49]. Increased joint ROM can
create the illusion of perfect movements or positions, and has therefore been
identified as a prerequisite for successful dancers [2, 50].

The classic question “Which came first, the chicken or the egg?” is relevant with
regard to ROM. There are two schools of thought; for decades there was an
argument in the literature as to whether joint ROM is solely dictated by genetics or
if long periods and intensity of dance training may increase joint ROM. We should
also question whether deviant joint ROM (insufficient or excessive) increases the
risk of injury. With regard to the first question, in most studies dancers manifested
greater joint ROM compared to non-dancers [43, 51]. A study of 1314 young
female dancers found that ROM did not improve or diminish with age, but rather
was preserved [43]. The ability of dancers to retain joint flexibility with age is
probably due to regular training, as ROM in non-dancers tends to decrease with age
[43]. Conversely, Hamilton et al. [2] explain that the desired dancer en pointe ROM
(90°-100°) results from constant stretching and skeletal modeling while the bones
are growing. It was suggested that improvement in hip external rotation ROM was
attributable to structural changes in the femur (anteversion/retroversion of the
femoral neck) as a result of the growth process controlled by hormonal changes
during the spurt period, along with capsular stretching [2, 52].
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Concerning the relationship between a deviated joint ROM and the risk of
injury, insufficient or excessive joint ROM have been suggested as important
intrinsic characteristics that may alter the biomechanics of dance movements and
therefore be associated with dance injuries [2, 9, 50, 53, 54]. For example, insuf-
ficient ankle plantar flexion was found to be more common among injured dancers
[53]; hyper (increased) joint ROM in the lower extremity was found to be asso-
ciated with increased rate of ankle/foot paratendonitis [4]; and dancers who practice
en pointe in “turnout” position with insufficient joint stability predispose themselves
to injury [55].

Dancers with increased (hyper) joint ROM may exhibit excessive motion,
inappropriate direction of forces, and failure of the muscles acting around the joints
to keep the correct kinematic movement pattern, which can result in injuries to the
affected tissues [56, 57]. Conversely, dancers who lack the required joint ROM for
ideal positions tend to develop compensatory strategies [56, 58], which, in turn,
may lead to an injury [28, 57]. Nevertheless, a study by Steinberg et al. [9] reported
opposing results: dancers with decreased hip and ankle/foot joint ROM were found
to be less prone to develop patellofemoral pain syndrome [54], and Wiesler et al.
[59] reported no predictive relationship between ankle ROM measurements and
injury in 148 elite adolescent pre-professional dancers.

The correct conclusion probably lies in the sample size and the cohort studied.
Most compensatory movements probably contribute to pathologies. However, the
large group studied [52] who underwent screening demonstrated that lack of “ideal”
ROM does not necessarily cause injuries if ROM is not forced by compensations.

Unlike hypermobile (unstable) joints, which demand greater effort from the
muscles around the joint to stabilize and control movement in order to prevent
injuries, the mirror image of limited ROM needs “only” to avoid forcing a
non-existing range, and hence prevent negative compensation and injuries.

Anatomical Alignment

Screening young dancers for joint malalignment and structural deviations may
reduce the risk for related injuries (Table 2.2):

Knee valgum/varum

Forefoot adduction

Hind-foot varum/valgum

Longitudinal arch cavus/planus (splay foot)
Hallux valgus

Lordosis

Scoliosis
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Table 2.2 Anatomical anomalies
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Joint

Anomalies

Physician observations (in an
anatomical position)

Definition of a positive
test”

Foot
and
ankle

Longitudinal arch
planus (LAP)/
Longitudinal arch
cavus (LAC)

Viewing the medial aspect of
the foot, an increased height of
the medial longitudinal arch
indicates LAC, and reduced
height of the medial
longitudinal arch, with its
margins touching the ground,
indicates LAP.

Planus: Forefoot
inversion, pes planus
Cavus: Forefoot eversion

Calcaneal
valgus/varum

Viewed from behind, for
varum the calcaneus is
inverted when the subtalar
joint is in a neutral position;
for valgus the calcaneus is
everted when the subtalar joint
is in a neutral position

Varum: >5° inversion
from calcaneal midline
Valgus: <5° eversion
from calcaneal midline

Hallux valgus

Viewing the dorsal aspect of
the foot, hallux valgus is
present when the first
metatarsal is lateromedially
oriented and the proximal
phalanx mediolaterally
oriented. A callus is also
present at the medial aspect of
the head of the first metatarsal.

>15° at MTP

Knee

Valgus/varum

Viewing the anterior aspect of
the lower extremities, with the
knees fully extended: valgus is
considered if the tibia has a
valgus angulation in
comparison to the femur (the
dancer’s knees touch and the
ankles do not); varum is
considered present if the tibia
has a varum angulation in
comparison to the femur (the
dancer’s ankles touch and her
knees do not). The knees are in
correct alignment when the
hips are neutral in rotation and
the patellae are facing directly
forward.

Knee valgus: Q angle
>22° in females, >18° in
males with knees
extended.

Knee varum: Space
between the right and left
knee with feet together in
stance

Genu-recurvatum

Viewing the lateral aspect of
the lower extremities with the
knees fully extended,
genu-recurvatum is considered
present if the femur is fully
extended and the legs have a
posterior angulation

>10° Hyperextension

(continued)
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Table 2.2 (continued)

Joint Anomalies Physician observations (in an Definition of a positive
anatomical position) test*
Back Scoliosis (A) Magee’s “skyline” view: Adams forward-bend

any deviation from the normal
posture: the head is straight on
the shoulders; the posture of
the jaw is normal; the tip of the
nose is in line with the
sternum; the trapezius neck
line is equal on both sides; the
shoulders are level; the
clavicles are level; there is no
protrusion, depression, or
lateralization of the sternum,
ribs, or costocartilage; the
waist angles are equal, and the
arms are equidistant from the
waist; the carrying angle at
each angle is equal, the palms
of both hands face the body in
the relaxed standing position;
the high points of the iliac
crest are the same on both
sides; the ASIS are level; the
pubic bone is level; the knees
are straight; the heads of fibula
are level; the ankles are level;
the arches of the feet are equal
on both sides; the feet angle
out equally; there is no bowing
of bones.

(B) The Adams forward-bend
test: when the dancer flexes
her spine forward from a
standing position scoliosis is
considered when any hump on
one side and a hollow on the
other is detected. A positive
test means that a rib hump
deformity is noted in the
thoracic region, or that an
angle of trunk rotation is
evident in the thoracolumbar
or lumbar region.

test: thoracic: no
posterior rib hump at 30°
Lumbar: no increased
muscle bulk at 90° of
forward flexion

#According to Karim et al. [60]
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Limited data are available regarding an association between static postural
alignment and injuries. One study found a correlation between scoliosis and injuries
among dancers aged 8-16 years [9]. Most other studies measured the dynamic
alignment of dancers during active dance movements, suggesting that poor dynamic
lower extremity alignment increased the risk of injury among young dancers [53,
61].

Hallux Valgus

Hallux valgus is a common deformity in the female population as a whole, and
among athletes and dancers in particular [19, 62]. Prevalence of hallux valgus
among young dancers (age 8-—16 years) is very high (40%), and increases from
pre-pubertal age (8—10 years: 32.7%) to pubertal age (11-13 years: 45.6%) [19].
Hallux valgus in dancers may result from various factors, such as the genetic
component; the increased lever arm of the long hallux acting on the MP joint
through an extreme ROM; increased stress on the MP joint during demi-pointe
work; forced turnout (leading to rolling in) in demi-plié that also leads to excessive
internal rotation of the tibia; and excessive movements such as en pointe work [62—
64]. It has been suggested that hyper-pronation (“rolling in”) can result in abnormal
pressure distribution throughout the foot, which can place the dancer at risk for
developing hallux valgus [65]. To summarize, genetic predisposition together with
faulty technique might be the inappropriate combination that explains the high rate
of hallux valgus in dancers. The greater the deformity the higher the chance that it
will adversely influence the dancing by causing pain, bursitis, and limited ROM—
all of which negatively impact the performance of the dancer. As surgical correction
of hallux valgus deformities in dancers may decrease the power or ROM at the first
MP joint muscles and ligaments [66], the most common recommendation for
dancers is to adhere to conservative measures and avoid corrective surgery, pre-
serving the range of dorsiflexion at the joint, which is a necessity for dancers [62].

Hallux valgus was found to be associated with other spinal and lower extremity
joint mal-alignments such as scoliosis and knee varum [19], but no correlation
between h/week of ballet practice and hallux valgus or h/week of en pointe dancing
and hallux valgus have been reported among dancers [19, 63]. Given the prevalence
and severity of hallux valgus with increasing age, it is suggested that hallux valgus
is mostly related to hereditary anatomical factors and to incorrect technical exe-
cution [63].
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(a) (b)

Fig. 2.4 Magee’s “skyline” view (a) and the Adams forward-bend test (b). Photographs courtesy
of James Koepfler

Scoliosis

There is a high incidence of scoliosis in athletic girls and dancers compared to their
age-matched controls [67, 68]. In a screening examination performed by an
orthopedic surgeon utilizing the Magee’s “skyline” view (Fig. 2.4a) and the Adams
forward-bend test (Fig. 2.4b), the prevalence of scoliosis was found to be 24-30%
among recreational dancers, 30% among adolescent ballet dancers, and 24% in
young professional dancers [15, 18, 69]. Scoliosis had already been noted in 22.6%
of dancers at the age of 9, a prevalence that increased slightly to 26.3% at 16 years
old [18].

The relationship between factors such as growth processes, intensive exercise,
and scoliosis is not clear. A number of researchers have claimed that dance is a
highly repetitive activity that imposes high stress on the immature spine, and that
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ballet training may delay menarche and predispose dancers to develop scoliosis and
stress fractures [15, 68, 70]. Furthermore, it is suggested that the stresses exerted on
the scoliotic spine over many years may be associated with an increased incidence
of specific injuries to the scoliotic dancers [70], with a high incidence of injuries
such as low back pain [9, 15, 18, 53]. Other researchers have claimed that intensive
dance training may improve scoliosis [71], as dance classes involve symmetric and
balanced exercises. Hence, no differences were found between scoliotic and
non-scoliotic dancers in training impact parameters (mean age at which students
started dance classes, mean h/week of dance practice, and mean number of years of
practice) [18].

Identifying other anatomical anomalies during screening of a scoliotic dancer is
important, as mal-alignments such as knee varum, genu-recurvatum, long-plantar
planus, splay foot, and hallux valgus were found more frequently among scoliotic
dancers than non-scoliotic dancers [18].

Physical Fitness (Muscle Strength Assessments)

Dance physical fitness depends on individuals’ ability to work under aerobic and
anaerobic conditions, and on their capacity to develop high levels of fitness
parameters, such as muscle strength. Although no fitness measurement can predict
success in dance, detection of muscle weakness is a powerful indicator of future
injury [46].

Previous data have suggested that dance injuries are related mainly to the
simultaneous presence of strong and weak muscles in the same limb [46]. Most
injuries to the knee and lower leg occur due to diminished hip and knee muscle
strength, which leads to faulty lower extremity alignment [52, 72]. Decreased
strength may lead to faulty biomechanics of the lower extremity, particularly when
the dancer tries to maintain neutral alignment during single leg landings [73].
Monitoring the strength of hip abductors, knee extensors, and ankle evertors is
important, as during movement those muscles should control alignment of the
lower extremities so that the patella remains in line with the second toe and the foot
is placed in the correct position [74]. Thus, any muscle deficits or imbalance might
predispose dancers to higher risk of injury [2]. Studies of young dancers showed
that female dancers aged 8-11 years had weaker hip muscles than age-matched
controls, except for hip abductor strength, which was similar. Yet, the dancers had
the ability to improve their hip strength (in specific dance-related muscles) in a
12-month strengthening program, suggesting that hip strength can be trained at this
young age [52, 58].
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Dance Technique (Sickling in, Rolling in,
and Hyperlordosis)

“Sickling in” refers to varus alignment of the foot, with increased stress on the
lateral structures of the ankle [64, 66]. “Rolling in” refers to valgus heel with
forefoot pronation [64, 75, 76] (Fig. 2.5). Hyperlordosis refers to anterior pelvic tilt
or lumbar lordosis, which generates undue stress on the posterior elements of the
spine [64] (Fig. 2.6; Table 2.3).

Screening young dancers for improper posture and technique is important, as
using compensatory strategies is known to be a common phenomenon among ballet
dancers and has been strongly linked to overuse injuries [9, 76-78]. Screening
programs should address postural compensations in specific positions and should
increase the dancers’ self-awareness of their physical limitations, as well as the
teachers’ awareness.

Fig. 2.5 “Rolling in”
during turnout. Photograph
courtesy of James Koepfler
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Fig. 2.6 Hyperlordosis
during turnout. Photograph
courtesy of James Koepfler
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Considering the fact that limited joint ROM may trigger technique compensa-
tions that can lead to injury [2], education of dancers and teachers should emphasize
correct dance positions and avoidance of compensation and stress, in accordance
with the anatomic structure of each individual and based on his/her natural ROM
[43, 76]. For example, dancers who try to achieve perfect “turnout” often com-
pensate for insufficient hip motion by rotating at the knees, everting the heels,
pronating the feet, and increasing the lordosis in their lumbar spine, which may be
the origin of some of the spinal and lower extremity injuries seen in dancers [4, 77—
80]. In addition, dancers with limited ankle plantar flexion compensate for this by
using poor techniques that shift much of the load to their adjacent joints, including
the knees [81]. Improving dance technique (e.g., correcting for neutral lower
extremity alignment) may reduce the need for compensatory strategies, and there-
fore reduce the risk of injury [73].
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Table 2.3 Dance technique

Technique Physician observations Comments
Sickling The dancer was asked to perform a (1) The dancer is asked to
out/sickling relevé: Correct technique is when demonstrate each technique 1-3

m

the dancer rises up on the ball of the
foot and the weight is in a straight
line with the forefoot. Incorrect
technique is when the dancer places

times at her usual speed, and 1-3
times as slowly as possible.

(2) Technique movements were
categorized as either correct or

weight onto the lateral (sickling out) | incorrect.
or medial (sickling in) borders of her

feet.

Hyperlordosis | The dancer was asked to perform a
turnout position: correct technique is
when the dancer externally rotates
her hips, legs, and feet, without
anterior pelvic tilt; incorrect
technique is when the dancer tries to
compensate for poor “turnout” by
tilting the pelvis forward

(hyperlordosis).

Rolling in The dancer was asked to perform a
plié in first position: correct
technique is when the patella is
above the second toe; incorrect
technique is when the patella is
above or medial to the first toe

(rolling in).

Extrinsic Relevant Factors

Motivation and Adherence to Dance

The benefits of dancing include improvement in psychological well-being, increased
self-esteem, and anxiety reduction. Thorough understanding on the part of teachers and
screeners of the motivational stimulus of young dancers through readily available and
reliable tools (such as the “Dance Motivation Inventory-DMI) is recommended [82,
83]. One should consider the high level of competition between students, the role
model of the teacher, the body image confronting dancers in the mirror during classes,
the emotional stress of adolescence, and stage fright.

Eating Habits

When a dancer is found to be at risk for disordered eating on the basis of screening
measures (weight significantly lower than expected for age and height) a detailed
assessment of eating habits and exploration of risk factors for disordered eating and



36 N. Steinberg and I. Siev-Ner

poor self-image should be undertaken [84]. Validated screening tools exist for the
detection of disordered eating behavior in athletes, including the Athletic Milieu
Direct Questionnaire (AMDQ) [85], the Female Athlete Screening Tool (FAST)
[86], the American Physiological Screening Test for eating disorders among Female
College Athletes (PST) [87], the Low Energy Availability in Females Questionnaire
(LEAF-Q) [88], and others designed to identify female athletes at risk for the
“Triad” (a syndrome comprised of disordered eating, menstrual irregularity, and
impaired bone health).

Musculoskeletal Injuries

The aim of musculoskeletal screening is to assess recovery from any previous
injury and the presence of risk factors for future injury. The dancer should be asked
about any previous or current injury/pain [7]. When a positive answer is obtained
the dancer should be asked to describe the mechanism of injury—that is, the
movements or exercises that precipitated the injury—and the extent to which the
injury affects dancing and daily life activities. Dancers who report pain or dys-
function should be examined by a physician specializing in dance medicine.
A clinical examination is required to reveal reproduction of pain or signs of injury
(such as swelling, instability, reduced ROM.) [7, 9]. When additional confirmation
is required, radiographs, ultrasound, computed tomography, or magnetic resonance
imaging should be performed.

Injury Prevention

The medical screening process is an opportunity to identify potential risk factors
and implement measures designed to reduce those risks. It is also an opportunity to
ensure that medical equipment and assistive devices (such as scoliosis braces and
proprioceptive insoles) are being used appropriately by injured dancers.

Summary

Screening provides an opportunity for the young dancer to be examined by experts
in dance medicine—often for the first time in his/her life. The screening process
may provide the dancers, their parents, their dance teachers, and the clinical team
with useful information relevant to the future management of the dancer.

Most authors describe the majority of injuries in dancers as occurring in the
lower leg and lumbar regions [5, 6, 89], with a different distribution of injuries
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between the youngest dancers (age 610 years) and adolescent dancers (age 14—
18 years) [5, 6], and a different distribution between the two genders [89]. Injury
incidence per 1000 h of practice indicated that the average for young dancers
ranged from 0.8 to 8.4 [5, 6, 43, 90].

The data provided by methodological screenings and processing of accumulated
knowledge from the literature enable teachers and medical staff to formulate solid
conclusions that improve their care of the student dancer.

The task has not been completed; further intervention and longitudinal research
will assist in determining associations between screening results and outcomes,
with a better understanding of the relationship between various characteristics of the
young dancer and risk factors for dance injuries.
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Chapter 3

A Screening Program for the Young
Dancer: Perspectives on What and Why
to Include in a Screen

Heather Southwick, PT, MSPT and Maribeth Crupi, PT

Pertinent Definitions

Screening: A preliminary procedure, such as a test or examination, performed on
asymptomatic populations to detect the most characteristic signs of disorders that
may require further investigation.

Evaluation: A comprehensive physical examination of the body and its functions,
utilized as a means for diagnosing a previously detected problem. It generally
includes objective tests and measurements that can be indicators of progress or
change.

Background

Participating in dance classes and creative movement has tremendous physical and
mental benefits for children and continues to increase in popularity in the USA;
there are currently over 32,000 dance studios and an estimated 4 million children
and adolescents studying some form of dance. Inevitably, this increase in partici-
pation brings with it a rising rate of injury [1], which mandates the need for specific
health care related to the demands of all levels of dancers in training.
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By way of injury prevention, preparticipation screenings have been utilized since
the mid- to late 1980s in an effort to determine readiness for play and reduce injury
in sports [2]. Given that participation in youth sports programs often requires at
least a pre-participation physical examination by a physician, it is a matter of
concern that dancers, who might be training at even higher levels of intensity, most
often have no such requirement. In the dance medicine literature there is agreement
that while screenings are not intended to substitute for a dancer’s health care, they
can be utilized to identify intrinsic risk factors for illness or injury. Screening allows
for review of past and current issues that can impact future health and injury. It can
also help healthcare practitioners establish baselines for a dancer in a variety of
physical areas. As the majority of injuries in dance are musculoskeletal in nature, it
makes sense that healthcare providers with a dance medicine background should be
involved in the screening process.

Goals of Screening

There are many goals of screening in dance; however, the most important ones are
to help improve safe participation in the more intense forms of training, like ballet,
and determine whether an individual possesses the physical attributes necessary to
progress in his or her chosen dance genre. A more specific goal is to gain an
understanding of the baseline profile of a dancer’s medical, psychological, nutri-
tional, and physical status. The higher levels of dance, particularly in ballet, have
unique requirements for flexibility and strength at end ranges of motion, and a
screen in pre-adolescent and adolescent dancers can be instrumental in offering
prudent training goals and recommendations during this period of accelerated
growth. This supports another goal of educating the dancer on his/her individual
strengths and weaknesses, promoting self-awareness with regard to what areas can
be addressed with exercise to improve function and training. Ultimately, the most
important objective of screening is to prevent potential injury, not predict injury, by
identifying risk and underlying pathology that would not have otherwise been
exposed. This has been debated in the literature, and the prevention of injury is
difficult to measure even with a robust injury tracking method [3].

Benefits of Screening

There are many benefits to implementing a screening program. Allowing a dancer to
meet and establish a relationship with a healthcare team of physicians, physical
therapists, and athletic trainers who are knowledgeable in dance can have significant
implications for creating trust and allowing for earlier problem recognition, reporting
of injuries, and treatment. Removing the stigma of seeking health care, which is
known to be a concern among collegiate and professional dancers [4], can help
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dancers feel more comfortable in accessing services for prevention, as opposed to
waiting until they sustain an injury. A screening can also provide an opportunity for
counseling and referral to specialties in fields like nutrition and sports psychology,
and to educate young dancers on the importance of these areas to their overall health
and performance. The education that accompanies the screening can serve to
motivate young dancers to improve their overall fitness and performance on certain
tests and measures. Most importantly, while the screening may be broad-based, it
should always conclude with individual recommendations, a home exercise program
to improve areas of weakness, and, if needed, referrals for further care.

Screening Versus Evaluation

A challenge with screenings, especially in a younger population, is how to keep an
assessment that will help identify “red flags” from becoming a full-out muscu-
loskeletal evaluation. The definition of screening includes the concept of a pre-
liminary procedure to detect the most characteristic signs of disorders that may
require further investigation. However, especially in the young, growing popula-
tion, it is tempting for healthcare practitioners to revert to an evaluation format that
is more formal, comprehensive, and analytical than a screen. It is also more
time-consuming. Evaluation involves specific measurements of strength and range
of motion or flexibility. While this can be very important information in a young
dancer, a “screen” is often more of an assessment focused on gathering general
information pertinent to the subject’s age and motor development. In sports and in
dance a comprehensive approach with “yes or no” categories offers the best
opportunity to screen for health risk prior to participation.

Timing of a Screening Program

For a screening program to have the greatest impact the beginning of a school year,
semester, or season is most beneficial to allow time for any identified issues to be
addressed. Before a school year begins is arguably most effective, so there is time
for deficits in strength and flexibility to be identified and targeted training initiated
before the student dancer is too engaged in school activities. Incidentally, it is not
appropriate to utilize screens as a test of acceptability into a company or school [5].
Following acceptance into a particular school, it may be beneficial to repeat the
screening process throughout the year with young, growing dancers to track
changes and improvements in strength and flexibility. If a screening program is
implemented as an assessment for injury prevention, re-assessment during the year
can also be helpful in motivating compliance with a home exercise program.
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Location of Screening Assessments

Method and location for a screening varies depending on the needs and goals of the
dance school and type of dance studied. Sometimes screens are performed in a
physician’s office or physical therapy clinic, which allows for consistency, privacy,
and a setting outside of the dance studio. This may help dancers feel more com-
fortable about revealing themselves. More often screens are conducted at dance
studios to promote convenience and compliance. Larger numbers are handled well
in stations set up by a healthcare team that may be comprised of physicians,
physical therapists, athletic trainers, sports psychologists, nutritionists, and a dance
educator or healthcare provider with a background in dance and movement anal-
ysis. It is debatable whether the faculty or artistic staff directly involved with the
dance students should be part of the screening team. Given the wide range of
backgrounds of artistic staff, it is important that dance teachers in attendance have
some knowledge of anatomy if asked to assist with the actual screening process.
Their participation can be an advantage, exposing them to how healthcare profes-
sionals view dancers. Another advantage of having dance teachers involved who
are well versed in anatomy is that they tend to be the most qualified expert on the
screening team, where evaluating for potential issues with technique and movement
patterns is concerned. The disadvantage is that some dancers may not feel com-
fortable with their teachers having access to their personal health information and
musculoskeletal status.

Handling of Screening Information

For those conducting a screen it is important to ask why you want to employ
particular screening tools, what you will do with the information collected, and
how it will potentially improve the health of the dancers involved. The data col-
lected must be treated as personal medical information to which total confiden-
tiality and HIPAA laws apply. Before participating in a screen, dancers should be
fully informed of its procedure, how the information collected will be used, and
who will have access to it [5]. Parents should be part of the process when the
dancers being screened are minors. Ultimately, the main purpose of a screen is to
educate the dancers on their individual findings and offer interventions to address
areas of concern. At the same time, an anonymous review of data from the group as
a whole can be helpful for identifying trends, guiding programming, and promoting
research [6].
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Organization of the Screening Tool

With so many different forms of dance, levels of training, and a need to assess the
areas of greatest risk for injury, there may be no single way to organize a screening
tool for every situation. The process should be efficient and effective, addressing the
most significant issues for the type of training in question. When the goals of the
screening process are clear, then the tests and measures to be selected become more
obvious. Regardless of the type of training, there are elements to healthy movement
that are universal. Hence, screening tool assessments often include a comprehensive
medical history and a combination of physical tests that look at a dancer’s posture
and structure, flexibility, strength, cardiovascular parameters, and issues with motor
patterns and muscle recruitment. It should be noted that the use of validated tests
allows for the kinds of comparisons that facilitate ongoing or future research.

Health History

One of the most comprehensive, and many would argue most significant, areas of
the screen is the health history. This can be in a questionnaire format and should
include dance background and exposure questions such as the following: How
many years have you been dancing; how many hours a day/week do you dance;
what types of dance do you study; are you en pointe; if so, at what age did you
begin pointe work, and were there specific criteria used to determine readiness. The
dancer should also be asked about participation in other sports, or if he/she engages
in any kind of cross-training. General health questions and medical history can be
brief or lengthy, but should at least inquire about asthma, allergies, diabetes, and
history of concussion. Questions asking whether the dancer has had a medical
illness or injury since last check up or if there is an ongoing or chronic illness can
help identify the need for further information or referral. In pre-professional level
students a few cardiac questions should be included, as over 95% of all sudden
deaths in athletes under age 30 are due to structural cardiac problems [7].
Questioning of this kind is consistent with the Preparticipation Physical Evaluation
published by the American College of Sports Medicine and used for athletes in high
schools throughout the USA [8, 9].

In the dance population there is a higher-than-normal incidence of menstrual
dysfunction, musculoskeletal injury, and lower bone density that is all interrelated
(this is known as the “female athlete triad”). Including questions regarding the onset
of menses and frequency of menstruation can help the healthcare practitioner
uncover issues that can not only lead to injuries, but have other potentially serious
and detrimental outcomes as well. A thorough history of past injuries is also
important, as this is a risk factor for recurrent injury. Ankle sprains, which are often
dismissed as insignificant by dancers, offer a perfect example of this requirement, as
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research provides ample evidence of future injury with history of prior ankle sprain
[10, 11]. Another area that is important to include is prior stress injuries to bone, as
there may be underlying issues with nutrition and energy deficiency that need to be
further evaluated and addressed.

Physical Assessment

In terms of the physical assessment, what is included will depend on the overall
goals of the screening process. Time constraints and resources may also be a factor.
Unless there is the opportunity to spend 2-3 h screening each dancer all the tests
and measurements discussed in this chapter may not be included in one screening
assessment. Multiple screening test options, with indications and general rationale
for use, are included to help the practitioner create a screen that meets the goals and
constraints of a specific setting.

Height, Weight, and BMI

Obtaining anthropometric measurements such as height and weight provides a
baseline for the young dancer and the information required to calculate body mass
index (BMI). In growing children age needs to be included as a factor. Many young
dancers face a major transition when they reach adolescence and their bodies begin
to change. When height and weight measurements are taken, dancers should be
asked about recent growth spurts. It is normal to gain weight right before a growth
spurt or puberty, and dancers, parents, and teachers may need to be educated to this
fact. It is important that clinicians and dancers understand that the purpose of
obtaining these measurements is to help identify dancers who are at risk of injury
because their BMI is too low and to help track if a young dancer is growing
adequately. The approach to these measurements should be handled with sensitivity
in this population, as adolescent girls who are focused on activities like ballet where
thinness is the generally valued aesthetic are often preoccupied with weight and
body image. A proper screening not only helps identify young dancers at risk due to
a low BMI, but also assesses any issues with menstrual cycles, as this combination
can lead to dangerous health issues and multiple injuries, such as stress fractures
[12]. In cases where inadequate energy intake is a concern, or where the young
dancer appears too thin, referral to a female athlete triad expert (with bone health
emphasis) should be considered. Normative values in children and adolescents for
skin-fold thickness assessment of body composition are now available [13].
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Posture

Integral to all dance styles and aesthetic values is a dancer’s technique and align-
ment. Faulty technique and compromised alignment may lead to injury [14].
Knowledge of a dancer’s baseline posture and structure can be imperative to help
understand these issues as they pertain to injury prevention. A quick observational
review or the use of more comprehensive parameters to assess how a dancer is built
can help highlight areas of weakness, unbalanced strength, or joint
hyper/hypomobility. Since adolescent dancers may already be self-conscious about
their changing appearance, it is important to put them at ease and assure them that it
is very common to have postural asymmetries. The goal is to identify areas that may
benefit from exercises or other interventions, or to facilitate referral for further
evaluation.

The age of the dancer will help dictate the degree of and manner in which the
findings are taken into consideration, and intense participation in activities such as
dance may also have an effect on growth [15]. It is important to consider that
chronological age versus physiologic age may vary [15]. In addition, screening the
very young pre-pubescent dancer can result in typical developmental findings such
as internal femoral rotation, valgus or “knock knees,” anterior pelvic tilt, and
hyperflexible joints [16]. Similar findings in the adolescent dancer might be more
cause for concern or intervention.

It is necessary to view dancers from multiple perspectives to obtain a complete
picture of their potential postural issues, generally from the rear, the side, and the
front. As an example, screening from the rear offers a vantage point to view pelvic
and shoulder girdle asymmetries, potential leg length discrepancies, and spinal
alignment as a whole, including screening for scoliosis. When screening for scol-
iosis, the Adam’s Forward Bend Test can be helpful to evaluate for rib hump and
spinal asymmetry after a leg length discrepancy is ruled out or corrected. Tipped or
winging scapulae will alert the skilled observer to potential weaknesses that could
result in poor execution of port de bras in ballet, insufficient stability to execute
handstands in contemporary or hip hop forms of dance, or safe performance of lifts
during partnering work. Findings such as rear foot valgus and hyperpronated feet
will have the trained observer thinking of how the impact of jump landings may
strain the medial muscles of the ankle and foot and facilitate valgus moments at the
knee. Conversely, a fixed high-arched cavus foot type should be recognized and
noted, as this can be a risk factor for overuse injury in dancers, especially due to
increased impact force with landing from jumps [17].

The benefit of screening for postural findings not only includes the correction of
faults revealed, but can also be an opportunity to educate the developing dancer on
preventing an overuse syndrome or future pathology caused by repetitive training in
a dysfunctional manner. For the posture assessment to be fully appreciated, it needs
to be compared and correlated with other areas of the screen. Any structural issue
identified with a postural screen is likely to be more apparent when dance technique
movement is added.
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Hypermobility

In the literature it has been established that hypermobile dancers are at risk for
increased injury [18], and assessment for hypermobility is a key component in the
screening of an adolescent dancer. Joint hypermobility is a compound term for what
could be a wide array of etiologies for excessive movement at a few or many joints.
It may be bony in nature related to shallow joint sockets, the result of changes in
collagen of joint capsules and ligaments, or neuropathic, resulting in muscle
weakness or reduced joint proprioception [19]. Excessive joint mobility may be a
product of a benign familial tendency toward increased laxity of the ligaments, or
can represent a more serious condition such as Ehlers—Danlos or Marfan syndromes
[19].

While the presence of joint hypermobility in a dancer is rather easy to assess in a
screening, the ramifications of such findings are much more involved. It is esti-
mated that 44% of dancers present with some type of joint hypermobility,
depending on the screening tool that is used [18]. The most commonly used test is
the 9-point Beighton Assessment of Hypermobility [20] (Fig. 3.1a, b). A dancer is
considered hypermobile if the Beighton score is 4/9 or greater, and higher scores
should be referred for physical therapy [18].

(@)

(b)

Fig. 3.1 Examples of Beighton test measures. a Positive Beighton forward bend. b Positive
Beighton thumb to forearm. Photographs courtesy of James Koepfler



3 A Screening Program for the Young Dancer: Perspectives ... 51

Hypermobile dancers must be educated on the need to increase strength and
work on stability to reduce shearing forces at their joints. The hypermobile dancer
will frequently complain of feeling “stiff.” Their muscles may be tighter as they are
working harder than the average individual just to stand and maintain postural
stability at joints lacking adequate passive restraint of the ligaments. Screening for
hypermobility offers the opportunity to assure that the dancer will be referred to a
physical therapist who will teach her or him how safely to release stiffness in the
muscles, rather than pushing into extreme ranges of motion where they are more
likely to be overstretching already loose and compromised joint ligaments and
capsules. Attention to promoting stability around the joints is paramount in helping
the hypermobile dancer to avoid injury.

There are many characteristics of a hypermobile dancer that can affect multiple
potential causes of injury. For example, due to altered joint proprioception
hypermobile dancers may struggle at times to keep tempo with music. With a
greater demand on their muscles to compensate for the lack of adequate ligament or
capsular stability, they are working harder than their non-hypermobile peers, even
during what might seem to be simple gestures and movements. This results in
earlier onset of fatigue. With the known link between fatigue and injury for all
dancers [21], it is not surprising that there is an even greater incidence of injury in
the hypermobile dancer [16, 22].

Cardiovascular Fitness

Screening tests for cardiovascular fitness vary regarding parameters assessed and
how the information can be applied. Research in this area has helped provide a
better understanding of the physiological demands of dancing. In general, dance is
categorized as a high intensity, intermittent form of exercise [23]. Cardiovascular
testing in performance has shown that both the aerobic and anaerobic energy
systems may be utilized, while dance class seems to stimulate only the anaerobic
system, producing energy bursts for 10-12 s [24]. If class has lesser cardiovascular
demands than performance, then a dancer’s aerobic fitness may not be adequate for
the demands of repetitive rehearsals or performance, leading to fatigue and injury.
Screening tests looking at cardiovascular health, fitness, and recovery can be very
helpful in establishing a baseline and helping to motivate young dancers to perform
supplemental cardiovascular training.

The accelerated 3-min step test is utilized by many professional companies as a
measure of cardiovascular fitness, as it is simple and quick to implement (Fig. 3.2).
In addition to other parameters, physical fitness is characterized by the post-exercise
heart rate, considered to be an indicator of cardiorespiratory fitness. Bronner and
Rakov have compared an accelerated 3-min step test (112 beats min) to the
well-studied YMCA step test (96 beats min) and a benchmark standard, the
incremental treadmill test, using heart rate (HR) and oxygen consumption (VO2) as
variables [25]. They have repeatedly found the accelerated 3-min step test to be an
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Fig. 3.2 3-min step test—
forward step up. Photograph
courtesy of James Koepfler

efficient, acceptable tool for testing cardiac recovery in dance populations when
compared to other gold standards. In younger dancers the 3-min Kasch Pulse
Recovery Test (KPR Test) could be indicated, as it delineates differences between
children 6-9 and 10-12 years old [26]. The standard YMCA 3-min step test may be
indicated for recreational dancers, while for pre-professional adolescents utilizing
the 112 beat accelerated step test may be most appropriate.

There are many other screening tests that examine cardiovascular fitness that are
useful for dance, such as the dance-specific aerobic fitness test (DAFT), that can also
be implemented if the time and resources required to utilize them are available [27].

Range of Motion/Flexibility

Dancers generally work at the extremes of joint motion; many studies demonstrate
greater range of motion than what is observed in the general population [28, 29].
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When assessing range of motion in young dancers it can be helpful to screen for
passive range of motion as it pertains to flexibility. In a still-growing population this
can be very informative in helping a young dancer understand some of the limi-
tations in motion that tight muscles can cause. As bone tends to grow faster than
muscle, often a growing dancer will experience issues with flexibility along with
strength of major muscle groups. Changes also occur in proprioception and
biomechanics, impacting performance and increasing risk for injury. In general,
injury reported during growth spurts may be due to a period of “relearning” when
previously learned technique no longer relates to the new body structure. Many
screens tend to observe technique only in evaluating some of these issues, but
screening for passive range of motion can help establish whether the dancer pos-
sesses enough flexibility to achieve proper technique. Some screens will actually
measure range with a goniometer to track changes, but full measurements constitute
an evaluation, not a screening. A screening that includes flexibility should only
have yes or no answers when establishing whether there is enough flexibility
present. Generally, when range of motion tests are performed to establish flexibility
they are done passively and stopped at the “first end feel,” defined as the first onset
of resistance or compensatory adjacent joint movement.

Hip motion and its effect on the spine and lower extremities is imperative to
proper technique, especially in ballet. Screening for tightness in the iliopsoas with a
Thomas test will generally show that most dancers are tight in the deep hip flexors,
which can make it difficult to correct an anterior pelvic tilt, increase lumbar lor-
dosis, place lower abdominals in an efficient position, and affect height of the
arabesque. The Ely test for the quadriceps and Ober tests for the iliotibial band are
also often positive and tight, especially in growing male dancers. Passive straight
leg raise (SLR) helps establish the length of the hamstrings. In technique, if a young
dancer is expected to flex the hip forward with knee extension higher than 90° to
accomplish this he or she needs at least 90° passive range of motion in order to
maintain proper pelvic alignment. At the professional level a passive SLR of greater
than 120° is expected. Clinically, tightness in the hamstring muscles can contribute
to anterior hip pain and pathology, as the hip flexors overwork to achieve a leg
height that is not possible with restrictions in hamstring flexibility.

Screening passive range of motion for external and internal rotation can be very
helpful in ballet students, in particular when the hip is in extension, to establish
baseline motion. Screening for motion in this area can indicate whether a dancer is
using all the motion that is available. Evaluating internal rotation can also be very
helpful to either establish that the motion is excessive in dancers who may have
femoral anteversion, or very limited, as many professional level dancers present
with 10° or less of internal rotation. This also provides the opportunity to educate
the adolescent dancer on the importance of incorporating internal rotation stretches
and strengthening exercises to balance rotation around the hip joint. Lack of internal
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rotation can lead to various injuries in the lower back, SI joint, and hips. Also,
screening for significant asymmetries in hip rotation is important, as many dancers
will present with differences between hips. With external rotation, to reduce the risk
of injury dancers should work to equalize the lesser side. If the dancer consistently
forces the lesser turned out hip to match the one with more turnout, problems may
result around the hip joint of the lesser one and possibly also further up or down the
kinetic chain in the lower back, knee, or ankle and foot.

Screening for tightness in the lower leg at the ankle and foot is also extremely
important to assess for areas that demonstrate imbalance or lack of sufficient motion
for proper technique. The most common injuries in dance are often at the ankle, due
to limitations in dorsiflexion or plantar flexion. Studies have shown that
dorsiflexion range decreases with increasing dance experience and ability, while
plantar flexion is observed to increase with enhanced dance proficiency [30].
Adequate ankle dorsiflexion is important to achieve proper demi-pli¢ (hip and knee
flexion with ankle dorsiflexion) as it provides shock absorption in both preparation
for and recovery from jumps and turns [31].

Screening to determine whether a dancer has enough plantar flexion to achieve
proper alignment can be one significant factor in assessing the safety of pointe
work. The motion required to achieve that technique is greater than the normative
data reported in the general population [32, 33]. To attain the correct position en
pointe requires more than 90° of combined motion in the talocrural, subtalar, and
midtarsal joints. Proper alignment is demonstrated when the line of the metatarsals
(top surface of the forefoot) is parallel to the line of the tibia (front of the shin) when
the foot is pointed. During a screen, asymmetry en pointe and/or in demi-pointe in
parallel can indicate differences in strength as well as range of motion that may need
to be addressed with further evaluation.

Screening for ROM at the 1st metatarsal phalangeal (MTP) joint can be very
important to see whether there are deficits in motion that will cause issues when
weight bearing in demi-pointe (Fig. 3.3a—c). The demi-pointe position is the
movement between the extremes of plié (end-range dorsiflexion) and pointe
(end-range plantar flexion), where the foot is less stable. It is used in static balance
poses for dancers, is the position that male dancers generally use for turning, and
requires 90° of dorsiflexion in the 1st MTP joint. The demi-pointe position also
forms the transitional phase when taking off and landing from jumps. In
demi-pointe all the toes should be relaxed. If clawed toes or gripping of the toes is
observed, it is often a sign of weakness in the deep intrinsic foot muscles.
Decreased range of motion into dorsiflexion of this joint, along with foot type, can
lead to alignment issues, as the dancer can not be fully over the 1st and 2nd rays due
to lack of motion, and generally compensates with inversion (sickling) or winging
(eversion) of the foot, increasing the risk of injury.
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Fig. 3.3 Assessing 1st metatarsal phalangeal (MTP) joint motion. a 1st MTP joint extension
accurately measured with ankle in plantar flexion. b Restricted 1st MTP extension with ankle
dorsiflexed and first ray fixed, suggesting limited excursion of the flexor hallicus longus
(FHL) muscle. ¢ Approximately 20 degrees of MTP extension indicating normal excursion of the
FHL as in Fig. 3.3b

Strength

In all sports, poor core stability has been identified as a risk factor for both upper
and lower extremity injury, along with inadequate neuromuscular control.
Assessing core strength and pelvic stability both with muscle testing and functional
testing is probably the most important aspect of any screening process, and should
be the first priority. Adolescent dancers commonly use their global stabilizers to
maintain stability of the trunk, underutilizing the local core spinal stabilizers. This
encourages imbalanced use of iliopsoas and thigh musculature, which may lead to
multiple issues in the lower back and hip. Proximal control of the hip and trunk is
an important indicator of lower extremity stability, as a dancer needs to be able to
control his or her center of gravity over a small base of support. Screening should
focus on strength and recruitment of the transversus abdominis and lower
abdominal area, as most young dancers are surprisingly weak there. Weakness can
be exacerbated by standing in a lordotic posture (sway back) with tight deep hip
flexors and an anterior pelvic tilt compromising the mechanical efficiency of the
lower abdominals and efficient recruitment of the transversus abdominis, along with
the pelvic floor and multifidi in the spine, which can affect alignment of the entire
spine. The gold standard for testing lower abdominal strength is the Kendall and
Kendall double-leg-lowering test, but its reliability of grading has been called into
question [34]. It is imperative that this test not only be done correctly, but also that
young dancers and dance teachers know it is a test and never to be used as an
exercise.
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Screening for strength at the hip can be instrumental in identifying areas that if
weak can contribute to injury. Athletes with weak hip abductors and hip external
rotator muscles have been shown to be likely to sustain an ankle injury during a
sports season [35]. Weakness in the hip abductors and adductors can be screened
with functional testing such as the step down test or Trendelenburg test. When
screening certain muscle groups, strength in the end range, with the muscle at its
shortest length, can be significant, as that is where the muscle will be most utilized.
For example, the external rotators of the hip need to be very strong at their end
range, which is not typical for the strength—tension relationship of muscle. Testing
hip external rotation strength provides an opportunity to compare active turnout to
passive range. In addition, many lower extremity injuries have been shown to be
related to lack of external rotator strength, in particular patellofemoral pain syn-
dromes [36, 37].

Balance

The ability to control balance during activity is critical for preventing lower
extremity injury. Screening for postural control and the ability to balance can be
very helpful in discovering areas of weakness, lack of range of motion, and
decreased proprioception. Testing can also help the practitioner detect residual
deficits that remain following a previous injury. With training, dancers learn to
adjust postural responses (achieve and maintain balance) to different conditions.
The systems involved in balance include the visual system, the vestibular system
located in the inner ear, and the somatosensory system, which includes touch,
nociception (which senses pain or harm), and proprioception. Screening to evaluate
balance can involve decreasing the input of one of these systems, such as vision, in
the single leg stance with eyes closed. The age of the dancers being evaluated may
help determine the type of testing utilized, as children 12 years and under rely
predominantly on vision for balance, while the other systems mentioned above are
added with increasing maturity [38]. In pre-professional adolescents and the pro-
fessional dancer, a single leg balance test with eyes closed for 60 s is the gold
standard. Screening with a movement-based test, such as the Star Excursion Test,
may be more beneficial in younger dancers, or when dynamic balance is being
tested. It should also be recognized that growth spurts often affect motor devel-
opment, as changes occurring in body mass, limb length, proportions, flexibility,
and strength will cause variability in balance and coordination.
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Functional Testing

The use of functional tests can be an efficient way to combine the elements of
flexibility, strength, balance, and technique. Functional testing can help establish a
baseline, but also be utilized as a measure to allow for return to dance, or pro-
gression to more vigorous dancing such as jumping, following an injury. Generally,
functional testing is performed in parallel position, as the goal is to find deviations
from functional movement that are common in anatomical neutral. The ability to
perform at least 2025 repetitions of single leg elevé (heel rise) in parallel with two
fingers on the barre and proper alignment and technique is one test that can be
useful to establish sufficient strength, endurance, and proprioception for jumping
and pointe work. Testing such as the single leg step down test, performed in parallel
off a 9” step to the depth of the dancer’s deepest plié, can be an efficient way to
screen for neuromuscular control (Fig. 3.4a). Observing five repetitions of this test
with attention to pelvic alignment, excessive hip adduction or internal rotation, knee
valgus, and foot pronation can disclose many risks for injury that need to be
addressed with physical therapy intervention and conditioning to avoid future issues
[39] (see Fig. 3.4a—c).

The Airplane test is another functional measure that is often included to screen
for neuromuscular control [40] (Fig. 3.5a, b). The triplanar nature and combined
dynamic movement allow for quick assessment of cervical stability, lumbopelvic
control, ability to maintain lower limb alignment, and compensations at the ankle
and foot.

@ o (b) | © a

Fig. 3.4 Proper alignment and movement dysfunctions with step down test. a Proper alignment.
b Left knee valgus collapse. ¢ Positive left Trendelenburg (hip drop). Photographs courtesy of
James Koepfler
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(a) (b)

Fig. 3.5 Airplane test. a Proper alignment of starting position with leg extended. b Proper
alignment into pli¢ with arms coming down and together. Photographs courtesy of James Koepfler

Technique

Assessing technique as part of a screening is also a form of functional testing. While
it is generally the most subjective aspect of the screen, it can yield important
information regarding areas that need to be addressed to prevent injury. Technique
is often assessed from two distinct points of view: To the dancer, dance teacher, or
choreographer, attaining the optimal aesthetic is the primary focus; for the
healthcare provider, how the optimal aesthetic is attained is the top priority. If a
gesture, leap, or turn is executed with suboptimal recruitment of muscles or
unhealthy skeletal movement or posturing, risk of injury is increased.

With the requirements of turnout so prevalent in many forms of dance, a quick
screening of this technique should be undertaken, as this is a movement where
forcing beyond the natural limits of the hip joint, with compensations at the lower
back, knee, and foot, is both damaging and common. Current research has con-
firmed that active turnout can be improved with training in the collegiate level
dancer [41], so a screening measure for this has merit for offering a successful
intervention if forced turnout is the result of weakness.

Virtually all forms of dance require some need to hold balance on one limb,
whether in flat or on the ball of the foot. With knowledge that the majority of dance
injuries in the adolescent dancer occur at the foot and ankle [1, 3], and likely derive
from lack of adequate core and hip girdle strength, a simple elevé in coupé or passé
(or in flat in the very young dancer) can easily expose qualities of proper weight



3 A Screening Program for the Young Dancer: Perspectives ... 59

shift and ability to maintain pelvic alignment. A physical therapist can readily
determine the muscles that may be weak or overactivated just by observing the
deviation from neutral alignment. To dancers who may appear to be holding their
balance well, observation of excessive toe gripping can be noted as a sign they are
not truly on balance, just as can tense shoulders and overactive neck musculature.
With very young dancers, it can be effective to use single leg balance in turned out
position as a technique assessment by observing how they move into the position
and maintain it before adding any tests that incorporate a gesture or elevé.

Recommendations

Providing timely feedback for dancers on the results of the screen significantly
affects the success of the program. Dancers as a group tend to be perfectionistic, so
results of a screen should be delivered positively, sensitively, and without judg-
ment. There are special considerations when making recommendations to young
dancers. Helping them understand that all elite athletes need to have a good
understanding of their own strengths and weaknesses can be empowering and
useful. Imparting the idea that no one is perfect, and revealing that all elite pro-
fessional dancers have some issues they also need to address to perform optimally
and avoid injury, can help young dancers understand and apply the information
they receive. In adolescence this can be difficult to comprehend, as young dancers
and athletes are always comparing themselves to others as they work out their own
identities. The focus of the recommendations should be on exploring options and
enhancing abilities, rather than obstacles to performance or greater risk of injury. It
is also important to instruct them and their parents/dance teachers that some find-
ings are likely temporary in nature related to where they are in their growth and
development. Also, encouragement should emphasize that the goal of any exercises
recommended is to address these areas so they will improve their dance technique.
Some findings from the screen will have influence on their overall health beyond
their dance training.

It should be recognized that the recommendations from a screen are designed to
raise “red flags,” so referral to appropriate practitioners can be made as indicated.
From the health history section there may be issues identified that should be further
addressed by the primary care physician or a sports medicine specialist (preferably
with experience in dance). Depending on the areas addressed by the screen, referral
to a sports psychologist or nutritionist may be warranted. Most often from the
physical assessment, there may be areas identified that require a comprehensive
physical therapy evaluation and treatment. There are also issues that when noted
should be referred to the dance teacher. As part of the planning process it is
important to identify a group of practitioners in the community who can be helpful
in dealing with areas of risk identified with the screening.
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Screening Potential for Research and Standardization

It must be emphasized again that a plethora of screens has been developed by now,
and what is included in a screening assessment should be guided by the overall goals
of the process, the age group being screened, and the intensity of dance training
involved. One of the exciting aspects of screening is that an abundance of infor-
mation can be collected and integrated, creating an excellent opportunity for
research. The primary goal of screening is generally not research, but that does not
mean that the information collected cannot be analyzed. When that is the intention,
the tests and measurements selected need to be objective and to have demonstrated
reliability and validity in the current literature. Another challenge is standardizing
one screening tool for multiple school populations and goals. In professional dance
this is currently being explored by the Dance/USA Task Force on Dancer Health, but
it is more realistic with this relatively homogenious professional dance population.
Age group, the dance focus of the school, intensity of dance training, available
resources, time restrictions, and overall goals are likely to vary tremendously
between schools and colleges. Regardless, utilizing a standardized screen is the ideal
goal for the future so that the dance medicine community can more fully identify and
understand the various attributes that are needed for optimal function and safety of
dance training. Of course, to truly establish the value of identifying characteristics in
dancers that are thought to be risk factors for injury a comprehensive and stan-
dardized injury tracking system also needs to be established and studied. Until such a
system is available and widely utilized, focusing on tests that have been studied in
the literature can help with comparisons within dance and other populations.

Screening tools need to be adaptable to change in the evolving research. As more
evidence-based work is produced in dance medicine and sports medicine, there are
often changes proposed for previously validated tests or new tests and measures that
are shown to explore a musculoskeletal issue more accurately. Research is con-
stantly being produced that promotes adaptations in sports screening tests to make
them more specific to dancers. Currently, the literature does not identify any data to
support one definitive screen or to establish the best practices for risk factor
identification [2]. In some cases screening has been abandoned, as it has not been
shown to be either predictive or preventative in reducing injury [3]. Nonetheless,
screenings can unquestionably be valuable in the training, education, and care of
dancers. The potential benefits have been discussed here, and if one injury is
prevented or a single life-threatening situation such as an eating disorder is diag-
nosed, then helping even one young dancer is beneficial.

Conclusion

A comprehensive, extensive screen, or even a simple screen can be effective as an
initial step in understanding a dancer’s strengths and weaknesses and providing
education and recommendations to help reduce injury and maximize a young
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dancer’s capabilities. It has been well established that screening programs are most
effective when coupled with ongoing educational programs and interventions [6]. It
is evident that screening will continue to be a significant area for study and
research, especially if the intrinsic factors identified can be linked to the prevention
of future injuries.
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Chapter 4
Physical Therapy Rehabilitation
for the Young Dancer

Heather Southwick, PT, MSPT and Maribeth Crupi, PT

Pertinent Definitions

Intrinsic risk factors: Specific characteristics of an individual that have the potential
to precipitate injury, but are controllable or preventable. Examples include previous
injury, bone structure, muscle weakness, poor conditioning, inflexibility, and
ligamentous laxity.

Extrinsic risk factors: Forces from outside the body that can cause injury. Examples
include floor surface, shoes, training schedule, costume, and sets.

Periodization: The systematic planning of athletic or physical training with the goal
of attaining optimal performance. Conditioning programs break up training into
sections of off-season, pre-season, in-season, and post-season, with each phase
focused on different goals.

Introduction

In general, it has been observed that all youth sports are increasing in training
intensity [1]. Dancers have historically and traditionally adhered to an intense and
disciplined training schedule from a very young age. Many dancers will report that
they started some form of training as young as age three. The advantages of early
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training include the progressive development of strength and flexibility necessary to
excel in all forms of dance. The disadvantage is that intense training at a young age
can create more opportunity for injury [2]. In the period from 1991 to 2007 annual
emergency room visits for dance-related injuries in 3-19 year olds increased
37.2%, and given the other options available for care dance injury rates were likely
significantly higher during that period of time [3].

Risk Factors for Injury

Understanding and awareness of both intrinsic and extrinsic risk factors that can lead
to injuries in young dancers are paramount to preventing injuries. Young dancers
frequently strive for the aesthetic and performance level achieved by adult profes-
sional dancers. Furthermore, young students are consistently pushed by their teachers
to the end of their range of motion and expected to have the strength required to
function there even when developmentally they lack the ability to attain and hold
those positions because they are still growing children. Compensations in alignment
and technique often occur when young bodies are not ready to meet the challenges of
moving and holding many end range positions. As there is currently no accreditation
process for dance teachers in the USA, their knowledge of the growth and devel-
opmental factors that can affect their students may vary greatly. A better under-
standing of motor development would allow teachers to structure classes that assure
the desired skill acquisition is attainable. For example, barre work before the age of 7
or 8 is not to be encouraged [4]. Improving the methods of educating dance teachers
would allow them to appreciate and likely alter the demands they place on young
dancers, thus promoting safer training and injury reduction.

Adolescent Growth Factors

The adolescent growth spurt and its effect on bone and muscle can also be a risk
factor for injury [2]. This accelerated growth often coincides with the age at which
dancers begin to train more intensely; it generally occurs between ages 11 and 14
for girls and 13 and 21 for boys, and lasts for 18-24 months. An adolescent may
grow several inches in a few months, followed by a period of very slow growth, and
then another spurt months later.

Changes with puberty (sexual maturation) may occur gradually, or several signs
may become visible all at once. There is a substantial amount of variation in the rate
and timing of the changes that occur, and they tend to have a large emotional impact
on adolescents.

Rapidly elongating bones may exceed muscular growth, creating muscle tight-
ness. Muscle strength can be compromised, and there is generally a period of
weakening with increased susceptibility to stress-related bone injuries. Decreased
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coordination and balance also accompany a growth spurt, making turns and bal-
ancing on one leg more difficult and increasing the risk of strain or sprain.
Physicians customarily record height measurements upon examination.
Rehabilitation professionals are encouraged to employ this practice as well.
Identifying significant growth may put the dancer’s mind at ease if it is likely
contributory to the condition for which they are being treated.

There is pressure to increase flexibility at a time when it is most compromised;
thus, care must be taken with stretching during the adolescent growth spurt. With
seven apophyses about the hip and pelvis corresponding to areas of attachment of
muscles used frequently in dance, caution must be taken to avoid injury to these
growth sites. In some instances such injuries can take a considerable time to heal
[5]. Reducing impact work and keeping gestures out of extreme ranges of motion
during adolescence presents an opportunity to focus on activities that develop
higher levels of balance and joint proprioception. This promotes adaptation to more
advanced positions of the body that cause it to be placed out of vertical alignment
during dance training [4].

Training and Technique

Significant risk factors for injury throughout a dancer’s lifetime are poor alignment
and faulty technique. Issues with alignment are generally congruent with faulty
posture, and examples observed in ballet include: forward head and shoulders;
increased lumbar lordosis; forced turnout or excessive external rotation in first or
fifth position, causing the knee to be medial to the ankle and foot (Fig. 4.1 a, b); and
pronation of the feet. Proper alignment allows for more efficient movement and is
less likely to cause increased strain and tension on ligaments, tendons, and muscles
around a joint. All injuries in dancers need to be evaluated for faulty alignment and
technique as potential contributors. Faults must be corrected to avoid reoccurrence
as the dancer works to return to full dance activity. The age of the dancer should be
considered when making postural corrections. It is quite normal and developmen-
tally appropriate for dancers under 67 years of age to have postural findings of
anterior pelvis, hyper extended valgus knees, and limited turnout [6]. Frustrating a
very young dancer with corrections his or her body is not ready to accept can be
detrimental. Dance should be fun and creative at those early ages.

Anatomical Limitations

Anatomical limitations are another risk factor for injury in all dancers, but young
dancers can be educated on how to work with their body as their artistic instrument
and learn what they can improve. Truly understanding their own body and their
own strengths and limitations can be paramount to avoiding injury. No one has a
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perfect body, and every dancer’s body is different. Dancers and their teachers need
to understand an individual student’s unique anatomical advantages and limitations
and how to work within those physical capabilities. For example, dancers who are
very flexible tend to have to work harder to build strength and those who are very
strong generally need constantly to address flexibility issues. Given the nature of
dance and the need to execute gestures in extreme ranges of motion, it is important
for the rehabilitation professional to have knowledge of the dancer’s bony archi-
tecture if imaging has been done or is advised. For example, it is important to know
if any hip dysplasia is present, as it has been demonstrated in the literature that
those with dysplastic hips have labrum that supports more of the total load across
the hip joint (4—11%) than those with normal hips (1-2%) [7], thus increasing the
risk of labral injury [7]. These measures reflect components of the normal gait cycle
and ascending and descending stairs, so it is likely the force transmissions are
substantially greater with dance [7].

(a) (b)

Fig. 4.1 Demi-pli¢ in first position demonstrating challenges to proper alignment. a Knee slightly
forward of foot in lieu of optimal position with knee centered over second toe. b Further
compensation with excessive hip flexion. Photographs courtesy of James Koepfler
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Hypermobility

Understanding hypermobility and the presence of benign or more serious heritable
connective tissue disorders (HCTD) is important, as ligamentous laxity can lead to
injury. An easy and basic test for assessing joint hypermobility is the Beighton
Scale, which while widely used has only recently been tested for validity [8]. More
and more dancers are being selected into different forms of dance due to their
hypermobility. The laxity of their ligaments can make it harder to control the end
range of movement in a joint, so there is often a presentation of instability around
the joint with the paradox of tight muscles because they are working harder than
non-hypermobile individuals to keep the joint stable. Addressing core and pelvic
stability and teaching how properly to stretch without compromising ligaments is
extremely important for the hypermobile dancer.

Muscle Imbalances

Reviewing and correcting muscle imbalances can be critical to preventing injuries
in young dancers. In order to avoid injury the muscles surrounding a joint should be
relatively equal in strength and flexibility. This helps prevent one side of the joint,
for example, the plantar flexors at the ankle, from being more stressed and over
used than the dorsiflexors. This is a typical imbalance seen in ballet because of the
emphasis on demi-pointe and pointe work. An imbalance like this can make a
dancer more susceptible to shin pain and tibial stress, as when jumping she or he
does not have the posterior chain flexibility to land with a deep plié and then
enough eccentric strength in the dorsiflexors to control the landing motion.

Encouraging proper technique and facilitating optimal muscle strength and use
are extremely important. The deep outward rotators of the hip should be trained for
turnout. Healthy length and strength of the iliopsoas is necessary for its role as both
a trunk stabilizer and hip flexor. The often weak gluteus maximus needs to be
recruited and contracted before the hamstrings for safer movement of the femoral
head in gestures such as arabesque.

Fatigue

Fatigue is another well known and documented precursor of injuries seen in
practice and supported in the literature [9]. In students pursuing intense dance
training there is often little to no periodization provided for minimal rest time.
Generally with dance students injuries are more likely to occur at the beginning of a
season when they return to a demanding schedule after having time off from dance,
which in itself is becoming a shorter period of time. Injuries are also becoming
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more common mid-year, as many young dancers are performing in “Nutcracker” or
other seasonal productions while also auditioning for summer dance intensives.
Following this, many multidiscipline dancers move on to competitions and then
right on to their year-end training with added rehearsals and final performances.
While periodization has traditionally been reserved for training at the elite level, as
just illustrated the young dancers of today are now keeping schedules that are
similar to those of their professional adult counterparts. Guidelines are needed to
promote schedules that offer the required time for musculoskeletal repair and
recovery between intense periods of dance.

Lack of Warm Up

Lack of a proper warm up before class or rehearsal is another potential risk factor
for injury. As every dancer has different needs, warming up should be individu-
alized, but must include movement and exercises that will help increase body
temperature and heart rate, and lubricate the joints [10]. Static stretching in a split is
commonly misconceived by younger dancers as warming up. While research is
ongoing as to what methods of stretching are best, it is generally agreed that before
dancing a combination of controlled warm-up exercises followed by dynamic
stretching is beneficial for addressing both the need for increased muscle flexibility
and joint range of motion. Long periods of static stretching are best reserved for
after dancing, and more advanced forms of stretching, such as contract-and-release
techniques, are for the more mature dancer. Dancers should be encouraged to keep
themselves warm during rehearsals and breaks in performances when they are not
dancing for extended periods of time.

Psychological Factors

During adolescence psychological factors can be more of a risk for injury than at
any other age in a dancer. Pressure and expectations from parents, peers, and
teachers can all lead to increased stress. Stress and anxiety can affect concentration,
making injury more likely. Fear of injury, not achieving goals or being picked for a
role, letting down your competition team due to inability to perform, or teacher
criticism are all examples of potential stressors in the dancer’s life. As a practi-
tioner, attending to who is answering intake questions, whether it is the young
dancer or his/her parent or guardian, and how the questions are answered can be
revealing. It is important for the healthcare provider to educate and offer objective
criteria for safe return to dance. Having some resources to help address
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psychological factors, and when needed referring to a dance/sports psychologist,
can facilitate the healthiest return to dancing.

Nutrition

Finally, nutrition is an enormous component of injury prevention and rehabilitation.
As young dancers mature, concerns about their changing bodies and maintaining
the thin aesthetic characteristic of most dancers can lead to poor nutritional prac-
tices and eating habits. In the USA there is also a tendency for young dancers just
not having enough time to eat well due to their demanding schedules, and processed
food becoming the easy mainstay. Teaching dancers about proper nutrition and that
at such a high level of peak performance our bodies need fuel can be paramount to
preventing and treating injury. In particular, understanding adequate vitamin D and
calcium intake in the adolescent years is a significant component for good bone
health, not only while training but also in a dancer’s adult life [11]. In areas where
there are four seasons of climate change, often the dancer experiences little to no
natural sunlight during a day filled with academic and dance study. Educating
young female dancers on how poor nutrition can affect their menstrual cycles and
lead to hormone imbalances that can then cause lower bone density and repro-
ductive issues is vital to preventing and treating injuries when they are young, and
has significance for when they are older. While this may be taken for granted by
healthcare providers and well-informed dancers/dance educators, in practice many
dancers and their parents receive such information as new and surprising.

Components of Rehabilitation

Many of the risk factors for injury are common to all young athletes and are not
unique to dancers. In rehabilitating an injury in a young dancer, the initial treatment
and education may therefore be very similar to that of any young athlete.
A comprehensive rehabilitation program should include incorporation of the young
dancer’s goals; emphasis on education and communication with the dancer, parent,
and dance teacher to help ensure a safe and successful return to dancing [12]; use of
objective and functional protocols to determine readiness to progress in rehab; cross
training; relative rest; task-specific rehab while addressing motor learning and
motor control to change long-standing habitual ways of moving: and review of
dance technique that might contribute to injury. The overall goal should always be
to return the dancer to optimal performance, and more confidence than prior to the
injury. Dancers are generally anxious to return to classes, rehearsal, and perfor-
mance too quickly following an injury [13]. Premature return not only increases the
risk of reinjury, but also places the dancer at risk for a new injury as compensatory
movement patterns emerge.
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Rehabilitation should begin immediately following an injury and should not end
until the dancer has returned safely to full activity. Initially, any rehabilitation
program should focus on how to maximize the dancer’s abilities while protecting the
existing injury. It is important to educate healthcare providers, dance teachers, and
parents on the importance of an immediate referral to therapy, especially for dancers
who will need to significantly limit or refrain from dance activity. Having a few early
visits to establish a comprehensive home program that can also be done at the dance
studio will allow the dancer to maintain or improve optimal condition and can help
prevent depression and other issues due to the injury. It also allows the later phases
of rehab to be focused on the area of specific injury without concern that the rest of
the body is conditioned well enough to initiate the return to dance. Dancers with
injuries that require limited weight bearing or more gradual progression of thera-
peutic exercise may benefit from water or floor barre exercise therapy. The buoyancy
of water allows the dancer to replicate dance movements typically done at the barre
with much greater ease and less impact as compared with on-land training. The
hydrostatic benefits of water include reduction in pain and edema, which can
facilitate an increase in joint range of motion [14]. Depending on the exercise, water
can provide assistance or resistance to muscles. It is effective in challenging the
cardiorespiratory system to maintain aerobic capacity, and there is research to
support that it does not increase risk of infection postsurgically [15]. Without access
to a pool, or in addition to water therapy, floor barre exercises allow the dancer to
avoid weight bearing positions by lying on all sides of their body (injury permitting)
to replicate many of the dance movements they perform in standing, such as passé or
développé. Pilates matwork serves as a wonderful compliment to floor barre work,
especially since entry-level Pilates matwork teaches the young dancer how properly
to engage their local core stabilizers: the pelvic floor, transversus abdominus, and
multifidi [16]. Use of equipment-based Pilates such as a reformer or cadillac also
serves to reduce weight bearing impact (Fig. 4.2a, b, c¢). Similar to Pilates is the
Gyrotonic method of exercise, which also offers a beneficial method to improve
pelvic and core stability. The primary difference between the two is that in Gyrotonic
the equipment offers more diagonal and rotational movement as opposed to Pilates
equipment, which is more linear in nature.

Dancers thrive on movement, so starting core and pelvic stability exercises, for
example, while a dancer is in a boot for a foot injury can help the dancer to feel that
he/she is an active participant in the healing process. It is crucial that dancers be
fully evaluated for weakness and muscle imbalances that may be separated from the
area of injury, but contribute to overall control and stability. For example, weakness
and muscle imbalance around the hips and core muscles are often contributory to
injury at the knee, foot, and ankle [14, 17].

Addressing the uninjured side of the body along with the effected side is critical
in any patient to insure improved quality and strength of movement, and can give
excellent feedback to the injured side. Prior studies in the literature have indicated
that dancers tend to lack strength in certain muscle groups such as lower abdom-
inals, posterior hips and trunk, and pelvic stabilizers [13, 18]. As dance is an
intense, very repetitive, and high-impact activity, strength and endurance are critical
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Fig. 4.2 Use of a Pilates reformer to facilitate dancer-specific rehabilitation. a Single leg plié.
b Single leg elevé. ¢ Single leg jump in parallel. Photographs courtesy of James Koepfler

for joint and postural stability, motor control, absorption of shock when landing,
and stamina. Immediately focusing on some of these areas that have a tendency to
demonstrate weakness when not consistently addressed can improve overall con-
ditioning and make return to dancing a healthier and smoother process [13]. Young
dancers should always be given a home exercise program to address areas con-
tributing to the injury and to supplement dance activity. With poor postural habits
becoming increasingly prevalent in this age of constant computer and cell phone
use, a home program can provide an opportunity to work on strengthening and
encouraging improved posture in the cervico-thoracic and shoulder regions.
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Functional and Objective Testing

The use of functional/objective testing to determine and progress the effectiveness
of rehabilitation is very important to allow for safe and timely return to dancing.
Objective testing needs to incorporate the different demands the dancer will face
upon return to full activity. Utilizing functional tests that address agility, balance,
proprioception, concentration, trunk strength and endurance, transfer of weight and
direction, and lower extremity strength and power, is essential [13] (Fig. 4.3a, b).
Use of functional testing helps the practitioner evaluate the effectiveness of treat-
ment throughout the rehabilitation process. This also allows a practitioner to direct
treatment based on deficits observed with testing and to make sound recommen-
dations for return to dance, especially at higher levels such as return to pointe work
[19].

(a) (b)

Fig. 4.3 Use of foam balance pad to challenge alignment and balance. a Parallel passé. b Open
passé. Photographs courtesy of James Koepfler
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Cross Training

Educating dancers, physicians, and dance teachers on the concept that they cannot
use dance training alone to improve fitness and be “in shape” is a challenge, but it is
a critical component of injury prevention and treatment. Often dancers are told to
rest completely for a period, and then just return to full dance. This is time wasted
that could have served as an opportunity for rehabilitation. In this situation, the pain
or disability usually returns quickly once activity is resumed, and the dancer is often
further deconditioned and their psych more bruised as a result of time away from
dance. With this type of scenario in mind, cross training should always be a part of
a dancer’s conditioning regimen, for injury prevention purposes as much as for
injury recovery. Aerobic exercise should be introduced as early as possible in the
rehabilitation process to increase energy expenditure and allow for maintenance of
healthy body weight. Enhancing cardiovascular conditioning can be paramount to
preventing injury by reducing fatigue [13, 20], and is a necessary adjunct to skill
acquisition in the training dancer [21]. Use of a stationary bike, swimming, and
low-impact cardiovascular exercise like an elliptical trainer can be incorporated as
appropriate for 3040 min a day, with frequency per week determined by stage of
healing and patient presentation.

Relative Rest and Restrictions in Dance

With certain injuries young dancers may be able to continue to participate in dance
with modifications until healing and full strength and control are achieved through
physical therapy [22]. Educating young dancers and their teachers on the concept of
“relative rest” can help keep a dancer training safely while allowing an injury time
to heal. Dance activity can be modified to avoid pain or for injury protection by
curtailing specific exercises such as grand plié¢ or jumps. Decreasing the amount of
external rotation (turnout) at the hips can offload stress from a number of joints and
lowering the height of the gesture leg (elevated leg performing the movement) in
extension can reduce stress on the iliopsoas muscle (Fig. 4.4), promote control of
the standing leg, and improve hip and lumbopelvic alignment. Using relative rest
and modifying movements can be challenging for many dancers, as it can interfere
with their drive to constantly push themselves physically. However, such restric-
tions allow the young dancer to participate safely as much as possible in class or
rehearsal before returning to full activity.
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Fig. 4.4 Relative rest of
iliopsoas by reducing height
of dégagé. Photograph
courtesy of James Koepfler

In order to assure continuity of what is recommended by the rehabilitation
professional and what actually takes place in the dance studio, it is suggested that a
system of communication be established by use of a form the caregiver can fill out
and have the dancer give to his or her teacher (Fig. 4.5).

Return to Dance-Specific Activity

To return a young dancer safely to dance after an injury, employing task-specific
rehabilitation exercises and activities can help to restore the desired function.
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Dear Dance Educator,

is receiving physical

therapy for:

Participation in classes and /or rehearsals should to be modified as follows:
D Observe class and work on exercises prescribed by PT

D Modify participation in class as follows:

Barre only

No Grande Plie’

No Turning

No Leaping/Jumping

No work en pointe

No lifting

No cambré, back extension or arabesque past tendu

Limit turnout

Limit height of gestures/working leg

O00000000o0

Other

Special Notes:

Thank You,

Therapist Signature Date

Fig. 4.5 Dance teacher communication sheet. Credit Maribeth Crupi, PT, Maribeth Crupi
Physical Therapy, LLC. Heather Southwick, MSPT, Director of Physical Therapy, Boston Ballet
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Dance-specific exercises can be incorporated into the rehabilitation program as the
dancer demonstrates adequate healing, range of motion, flexibility, strength, and
balance. Progressive strength training and volume should be managed by varying
number of repetitions and load. Restoring balance and proprioception is critical
after any injury in dancers, and can be accomplished by progressing through stable
and unstable surfaces and varying vision, speed, acceleration and deceleration (all
important variables of dynamic balance) to simulate the demands of dancing.
Working at end ranges of motion and promoting a balance between mobility and
stability are other areas that exercises and tasks should address. This can be chal-
lenging, but dancers need to be strongest at the end ranges of motion, and working
in those ranges can help. In dance, choreography varies widely; the possibilities are
endless. Therapeutic exercise should reflect those varied demands by focusing on
agility, reaction time, speed of weight shifting, and point of contact between foot
and floor, whether it be full foot, demi-pointe, or full pointe relevé.

Motor Learning and Motor Control

Promoting appropriate motor learning and control is critical in the young dancer
population. Often dancers need to relearn movement strategies to move in a
healthier way. Helping the young dancer make changes in movement patterns and
control can be a little easier than with the adult professional, who may have years of
potentially dangerous movement patterns and habits ingrained. The process of
rehabilitation and the exercises employed as part of a plan of care should address
how to give a young dancer the tools needed to meet the strength and flexibility
demands of his or her training. For example, focus on motor control has been
proven to be beneficial for improving such components as narrowing the difference
between active and passive turnout range of motion in pre-professional dancers
[23].

Dance Technique

Evaluation of dance technique involves addressing alignment, quality of movement,
proper muscle recruitment, and the prevention of compensation habits. For prac-
titioners with no background in dance who have dancers in their care, focusing on
proper alignment and biomechanics common to all movement and postural patterns
can be helpful. Employing a team approach to technique with the dancer and dance
teacher is vital. Some approaches to technique will vary and may deviate from the
most healthy patterns of movement. Regardless, it is essential to establish clear
communication and to be sure that the student is given consistent information from
both the practitioner and dance teacher to avoid confusion and frustration.
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Research and Resources

Fully preventing dance injuries may never be possible, but as the field of dance
medicine and science grows and more research emerges, great progress continues to
be made. Practitioners with a background in dealing with dancers have much
anecdotal knowledge to contribute to this progression. There are organizations that
focus on more formalized education and sharing of information between healthcare
practitioners and dance teachers, and hopefully in the future this practice will
become more common as the body of knowledge grows and is increasingly valued.
Young dancers can often find information in books and online to help them nav-
igate medical issues and understand their bodies more fully. However, dancers are
often reticent to seek health care when appropriate for a number of reasons, and to
rely too heavily on teachers and peers for guidance. As more and more educational
resources become available hopefully dancers will grow to understand that seeking
medical help early is the best way to handle injury.

Conclusion

For rehabilitation to be successful all dance-related injuries must be evaluated for
technique concerns or the injury will almost certainly reoccur due to the faulty
habits. Creating an effective rehabilitation program for a young dancer requires a
physical therapist who has knowledge of the patient’s type of dance and level of
intensity, and understands the intrinsic and extrinsic factors that can cause and
contribute to injuries in dancers. The therapist should also have the ability to
determine an accurate differential diagnosis, and be attentive to basic principles that
promote a successful and long lasting rehabilitation, reducing the risk of injury
recurrence. This will assure optimal recovery and outcome, with the overarching
goal of return to dance better than before the injury and protecting the body from
residual lifelong pain or disability.
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Chapter 5
Resistance Training for Pediatric Female
Dancers
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Pertinent Definitions

Pediatric: For the purposes of this paper the term pediatric is used to depict
prepubertal (skeletally immature) and pubertal (approaching skeletal maturity)
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Concentric muscle contraction: The external force on the muscle is less than the
force the muscle is generating—a muscle and joint angle shortening contraction.
Eccentric muscle contraction: Active contraction of a muscle occurring simulta-
neously with lengthening of the muscle and increasing joint angle.

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

Plyometrics: A type of exercise characterized by hops, jumps, and throws; it
involves a rapid stretch of a muscle-tendon unit immediately followed by short-
ening of the muscle unit (called the “stretch shortening cycle”) [1].

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 body weight, free weights
(barbells and dumbbells), weight machines, resistance bands, suspension systems,
and medicine balls, to improve muscle strength, muscular power, and local mus-
cular 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 as controlled movements, requiring a high degree of
technical skill and qualified instruction.

O angle: The angle formed by a line drawn from the anterior superior iliac spine to
the central patella and a second line drawn from the central patella to the tibial
tubercle; an increased Q angle is a risk factor for patellar subluxation; the normal Q
angle is 14° for males and 17° for females.

Introduction

It is estimated that approximately 3.5 million children receive dance instruction
from dance specialists in the USA alone [2]. Because of the incredible physical
demands of the discipline, dancers sustain a high rate of injury [3-7]. There is now
a call to action for those caring for and training pediatric dancers to support a
paradigm shift toward injury prevention and away from reliance solely on
post-injury treatment [3, 8, 9].

Adult dancers experience various musculoskeletal injuries throughout their
careers; however, the pediatric dancer may be even more vulnerable to injury due to
the physiological growth process [10, 11]. Several epidemiological studies report
that the injury incidence of pediatric to pre-professional dancers ranges between
0.77 and 1.55 per 1000 dance hours [12—-15]. This incidence is significantly higher
than the 0.60-0.62 per 1000 dance hours noted for both adult professional ballet
and modern dancers [16, 17]. Furthermore, the rate of injury requiring an emer-
gency room evaluation is exceptional for pediatric dancers. A retrospective study
reported that between 1991 and 2007 a total of 113,084 children and adolescents
were treated in US emergency departments due to dance-related injuries [5]. (With
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regard to all of the studies referenced here it should be noted that the interpretation
of injury incidence data is difficult due to lack of uniformity in injury definition
among studies.)

Resistance training usually is not an inherent component of current training for
female pediatric dancers. This is likely because muscular strength has not histori-
cally been considered an essential ingredient for success in dance. In part, this may
also reflect the unfounded view that supplemental training and consequent gains in
muscle strength and mass would diminish the female dancer’s aesthetic appearance
and gracefulness [18]. To the contrary, an early study by Fitt [19] found that
dancers who participated in a well-designed resistance training program were able
to increase muscle strength without building muscle bulk. This same study
demonstrated improved effects of resistance training on dance performance. The
pediatric dancer in training requires sufficient lower extremity strength for power
generation during leaps and jumps, and muscle endurance for prolonged periods of
use. Ankle sprains are a leading cause of traumatic injury to pediatric dancers [14].
Stabilization of the lower extremity during landing is therefore important to prevent
such injuries. Data on female ballet dancers have indicated that supplemental
resistance training for hamstrings and quadriceps can lead to improvements in leg
strength without interfering with key artistic and physical performance requirements
[18, 20, 21]. Similar findings exist in contemporary dance, showing that dancers
improve in muscle power and endurance and aesthetic competence with supple-
mental circuit training [22].

Much like research in other athletic activities, the process of injury prevention in
dance includes investigations that seek to identify individual risk factors for injury,
followed by interventions targeted at the prevention of injuries unique to dance
[23]. In pediatric dancers one risk factor for injury unquestionably involves inap-
propriate progression of the rate, intensity, and duration of dance training, with
inadequate periods of rest and recovery [24]. Muscle-tendon imbalances of strength,
endurance, or flexibility that develop during growth and maturation, as well as those
resulting from focused training in one dance mode alone, are other risk factors for
pediatric dancers [11, 25, 26]. It has been said that by addressing such risk factors
acute and overuse injuries in youth participating in dance training could be reduced
by up to, and possibly even more than, 50% [27, 28]. Hence, it can be argued that
greater emphasis needs to be placed on strength-specific exercises for pediatric
dancers to decrease injury and resulting time loss. Rickman et al. [29] report that
there is limited comprehensive literature examining the multiple components of
core strength as they relate to injury in dancers. Incorporating a resistance training
program that develops core stability and strength should be considered fundamental
to the training of the pediatric dancer with the goal of injury prevention [23].

It is important to note that many fallacies exist with regard to resistance training
in children. Perhaps the most well known of these is the notion that
strength-building exercises are injurious to the immature skeleton. Actually, con-
cerns associated with resistance training in children have not been supported in the
literature. In fact, resistance exercise for children can be safe and effective and can
provide a multitude of benefits, including improved performance, injury prevention,
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and increased bone health. As a multidisciplinary team comprised of pediatric
exercise specialists, athletic trainers, fitness specialists, and dance/sport medicine
physicians, the current authors’ goals are to provide readers with a review of the
benefits of resistance training for pediatric female dancers, to discuss and reconcile
the perceived risks of this type of training on growing skeletally immature dancers,
and to provide guidance regarding a resistance training regimen that is geared
toward injury prevention and enhanced dance performance.

Concerns Surrounding Resistance Training
for the Pediatric Dancer

There are many concerns about resistance training in children and adolescents. The
purpose of the following section is to discuss these issues as they pertain to the
pediatric female dancer. One of the primary concerns involves safety. There is no
evidence that resistance training will negatively impact growth and maturation in
children and adolescents [30]. In fact, resistance training can be a safe part of
training and injury prevention for pediatric dancers when conducted with qualified
guidance and supervision. Growth cartilage injuries historically have been one of
the largest concerns among pediatricians and athletic trainers relative to resistance
training in youth; however, injury to the growth cartilage has not been reported in
any prospective youth resistance training research study [31]. Growth cartilage
injuries described in case reports from the 1970s to 1980s typically resulted from
improper lifting techniques, poorly chosen training loads, or lack of qualified adult
supervision [32]. 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, including: qualified and targeted instruction, constructive
feedback on exercise technique, and a sensible progression of training loads and
volume [32]. In ten studies that systematically monitored injuries in this population,
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 [30].

Data from patients presenting to US emergency departments revealed that many
injuries related to resistance training were largely due to accidents and poor tech-
nique rather than to the actual resistance training activities; 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” (based on injury descriptions)
[33]. Quatman et al. [34] found that adolescent and young adult males may suffer
more exertional-type resistance injuries to the trunk, while females in the same age
category may be more susceptible to lower extremity injuries resulting from acci-
dents during resistance training. The recently published “Position statement on
youth resistance training: the 2014 International Consensus” is an excellent



5 Resistance Training for Pediatric Female Dancers 83

resource for dance practitioners, as it describes resistance training guidelines for
children and adolescents and emphasizes considerations for young females [35].

Another significant concern of young dancers themselves is the development of
bulky muscles and alteration of the “sleek and stealth” appearance generally pre-
ferred in their art form. Results of studies on muscle hypertrophy in children with
regard to resistance training have been mixed and inconclusive to date [36].
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 maturation of the central nervous system, improvements in motor unit recruit-
ment, firing frequency, synchronization, and neural myelination [35]. In preado-
lescents, proper resistance training can enhance strength without concomitant
muscle hypertrophy. Such gains in strength can be attributed to the aforementioned
neurologic mechanisms [37]. These mechanisms are factors in increases of strength
in populations with low androgen concentrations, including females and
pre-adolescent boys [38].

Assessments of muscular strength in children and adolescents indicate that
strength increases in a relatively linear fashion throughout childhood for both boys
and girls. As children reach the onset of puberty they experience rapid skeletal
growth, along with observable nonlinear gains in muscular strength. During this
period sex differences in muscular strength begin to emerge, with boys demon-
strating accelerated gains due to increased hormonal concentrations, including
testosterone, growth hormone, and insulin-like growth factors. Girls appear to
continue to develop in a more linear fashion [35].

Physical education teachers and dance instructors may start early (during pri-
mary school) to educate novice dancers and their parents about the benefits of
resistance training and reasonable adaptations that are likely to occur with regular
training. Thought needs to be given to how resistance training is explained and
offered to dancers. While some teenage girls may shy away from weightlifting with
American football players in a high school program, dancers may be interested in
fitness activities that emphasize neuromuscular control and coordination that can be
introduced in familiar environments, like the dance studio (Fig. 5.1).

Many people feel that resistance training will not increase muscle strength in
girls. Recent scientific studies have demonstrated that this is not true. Malina [30]
reviewed 22 reports dealing with experimental resistance training protocols in both
males and females before and during early puberty. He found that most programs
used weight machines and free weights (i.e., dumbbells and barbells), 2- to 3-day
protocols, and 8- to 12-week durations. Significant improvements in muscular
strength during childhood and early adolescence were achieved in both sexes.

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 [39, 40]. By periodically altering the training variables over
time the training stimulus will remain effective, and adaptations to the training
program will be maximized [1, 41-43]. Nor is there a “minimal age” requirement for
participation in a youth resistance training program provided participants are able to



84 A. Stracciolini, MD, FAAP, FACSM et al.

Fig. 5.1 a, b, ¢ Adolescent dancers participating in resistance training in the dance studio as part
of dance training

follow directions and pay attention to safety rules, and by 7 or 8 years of age most
girls are ready for some type of resistance exercise [32]. Resistance training with free
weights, medicine balls, elastic bands, and one’s own body weight is beneficial for
pediatric dancers for multiple reasons. As part of an integrative neuromuscular
training program resistance training may help to enhance motor skill performance
and motor coordination, improve balance, and increase muscle strength and power
[31, 41, 44, 45]. These same factors are critical components of dance training.
There is a paucity of published data on the strength characteristics of ballet
dancers. Micheli et al. found female professional dancers (mean age 27 years) to
have strong lower extremities (quadriceps, hamstrings, dorsiflexors, and
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plantarflexors) and relatively weak upper extremities (elbow flexors and extensors)
[46]. Muscle groups about the hip and pelvis were not isolated in this study, and
there was no control group for comparison. In other studies, female dancers
demonstrated only 77% of weight-predicted norms when compared to other groups
of athletes [47]. Relative to peak in-season performance, Kirkendall and Calabrese
[48] reported the mean quadriceps strength in female ballet dancers was the lowest
among the athletic groups reviewed, at around 70% of the weight-predicted normal
for athletes. Gupta et al. [49] found that dancers demonstrated an adaptive training
response with a shift in the strength curve toward the inner range of hip external
rotation as opposed to a true difference in strength, as compared to non-dancer
controls. More specific to pediatric dancers, Bennell et al. compared hip muscle
strength in 8- to 11-year-old novice female ballet dancers versus non-dancing age
matched controls. After controlling for body weight controls had stronger overall
hip muscles than dancers, with the exception of their hip abductor strength, which
was similar between groups [50]. Further study in this same age group revealed that
12 months of dance activity produced greater muscular strength improvement in
female dancers compared to that of controls over the same period of time [S1].
Supplementary resistance training programs for professional dancers have been
shown to be beneficial in improving both muscular endurance and anaerobic power
[20]. Finally, Koutedakis and Sharp [21] reported that after strength training pro-
fessional dancers demonstrated enhanced knee extension and flexion torques
without altering dance aesthetics.

Resistance Training During Growth and Maturation
in Dancers

A basic understanding of child and adolescent development as it relates to injury
profile is critical when caring for or training pediatric dancers. Overall body mass
and height may increase at a dramatic rate in the preadolescent and adolescent
years. The rapid increase in bone length often results in a decrease in muscle-tendon
unit flexibility, leading to greater injury risk from either a single traumatic event,
such as a sudden forced muscle elongation, or repetitive stress and micro-trauma
[11]. The biomechanical changes that occur during growth may predispose the
dancer to a host of injuries. Prime examples include coxa saltans externa or
snapping hip, and posterior column stress injury or spondylolysis. These
quintessential dance injuries may, in part, be attributed to strength, flexibility, and
neuromuscular deficits that are typically associated with growth and often magni-
fied during the growth process. Specifically, the combination of relatively weak
abdominal and posterior chain musculature, tight overused and weak hip flexors
and quadriceps, and the anterior tilt of the widened pelvis may place female
pediatric dancers at risk for injury [52]. Tursz et al. [5S3] demonstrated that fol-
lowing rapid growth and development female athletes sustain a higher rate of
“sprains” than males, and this trend continues into maturity.
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There is a tendency toward an increasingly early age of menarche for girls across
the USA, with the average age of 12.6 years [54], and girls tend to reach their peak
height and body mass at approximately 15 years of age [55]. Notably, the onset of
puberty in the child dancer may be delayed, extending both the dancer’s growth
period and duration of increased vulnerability to injury [56, 57]. In general, female
dancers appear to have greater ligamentous laxity than their male counterparts
following the onset of puberty [58, 59]. It is hypothesized that this increased laxity
(alterations in passive joint restraints) combined with the physiological changes
(i.e., neuromuscular control) that occur during puberty may affect the type, severity,
and incidence of injuries in the maturing female adolescent population [60, 61]. It
has also been suggested that cyclic changes in the hormonal milieu of females may
play a role in injury patterns [62—66]. Parents, teachers, and the dancers themselves
need to be aware of the physiological changes, psychological issues, nutritional
considerations, and the need for training modifications during this vulnerable time
in the dancer’s career.

Strength deficits unique to the discipline of dance need to be aggressively
addressed with individualized training protocols that target actively growing
females [46, 49]. Anatomical changes during growth and development include the
aforementioned widening of the pelvis, increase in the Q angle, and changes in
center of gravity [67]. Researchers have hypothesized that following the onset of
puberty and the initiation of peak height velocity, increases in tibia and femur
length, overall body mass, and height of the center of mass lead to decreased core
stability. A key tenet of this decrease in core stability is that this change occurs in
the absence of increases in strength and muscle recruitment at the hip and trunk [68,
69]. As female athletes reach maturity, decreased core stability and deficient core
strength may underlie their tendency to demonstrate increased dynamic lower
extremity valgus load during sport specific tasks, placing them at increased risk for
injury [70-72].

Intervention efforts with targeted training that includes increasing strength and
improving neuromuscular control while incorporating skill development can be
implemented in a timely and effective manner [43]. Quatman-Yates and colleagues
investigated the longitudinal trajectories of lower extremity strength across matu-
rational stages for females. They found that hip abduction and
hamstring-quadriceps strength ratio decreased from prepubertal to pubertal stages,
lending further support to the need for strength training during preadolescence with
the goal of injury prevention [73]. Evidence currently supports the implementation
of injury prevention programs that focus on strength and neuromuscular control of
the lower extremity [74-82]. The window of opportunity is open to maximizing
training during preadolescence, when children are more responsive to interventions
that promote strength, flexibility, and peri-pelvic stabilization. This is especially
important before neuromuscular deficits become engrained, and before the pediatric
dancer succumbs to injury [83]. Finally, and importantly, new research has shown
that intervention with an individualized conditioning program based on injury
history and functional movement screening is effective in preventing dance injuries
[84].
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Resistance Training and Bone Mineral Density (BMD)

A recent meta-analysis by Amorin et al. [85] evaluating 35 studies of BMD in
dancers concluded that based on the current available research it is unclear whether
low BMD is prevalent among female dancers. Childhood through late adolescence
is the most critical time period for bone mass accrual [86]. The literature on BMD
and sports participation continues to evolve. Physical activities characterized by
considerable loading have been shown to have the greatest osteogenic effects on the
growing skeleton [87]. Resistance training for females during this time period may
be an important component of exercise when considering future bone health and
risk for stress related bone injury [88]. Bass et al. [89] have reported that prepu-
bertal female gymnasts, whose training mainly involves high-impact and resistance
training, had significantly higher lumbar spine bone mass, volume, and volumetric
BMD than a control group. Morris et al. explored lean mass, strength, and bone
mineral response to a 10-month, high-impact, strength-building exercise program in
premenarchal girls. The exercise group gained significantly more lean mass,
strength, and BMD versus controls, and had less body fat content. Although a large
proportion of bone mineral accrual in the premenarchal skeleton was related to
growth, an osteogenic effect was also found to be associated with the exercise
protocol in this young female cohort [90].

It is important to note, especially for the dancer population, that resistance
training begun at a young age is associated with a decreased risk of osteoporotic
fractures later in life [91]. Evaluation of bone mass relative to muscle strength and
reproductive hormone concentration in elite endurance athletes supports the theory
that muscle forces are significant osteogenic factors. Research findings also indicate
that in female athletes muscle forces acting on bone potentially counteract a neg-
ative effect of reproductive hormonal disorders on BMD [92]. To et al. sought to
compare BMD between regularly exercising dancers and age matched
non-exercising females between the ages of 17 and 19 years to assess the impact of
weight-bearing exercises and menstrual status on bone density. Results from this
study were notable in that young women undergoing regular intensive
weight-bearing exercise, as in the dancers under study, had higher BMD than the
non-exercising females of the same age, but only if they remained eumenorrheic
during their training. This advantage was lost when they developed
oligo/amenorrhea [93]. Furthermore, Benson and colleagues reported that very lean
dancers are more prone to injury than their less lean counterparts [94]. The evidence
now appears strong in support of resistance training and weight-bearing physical
activities that promote strength development to ensure the greatest osteogenic
potential in young females [95]. This may be particularly critical for female athletes
at high risk for bony injury, including dancers.
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Resistance Training Programs for the Pediatric Female
Dancer

Resistance training for pediatric dancers may be particularly challenging given what
may appear to be opposing goals in the dancers’ eyes. The need to build strength
may seem to contrast with the aesthetic requirements of the discipline, specifically
the desire to appear thin and sleek. In this context, designing resistance training
protocols that are conducted in environments familiar to the dancer (e.g., the dance
studio) while dispelling the myths often associated with lifting weights is encour-
aged. Training protocols should be designed to correct strength imbalances unique
to the discipline. For the ballet dancer this may mean conducting resistance training
in the parallel, as opposed to the turned out, position. This technique encourages
improving the strength of the relatively weaker adductor and internal rotator
muscles of the lower extremity. Resistance training in this population should
include dynamic concentric and eccentric muscle actions, and be performed through
full ranges of motion in keeping with the unique demands of dance.

Liederbach and colleagues evaluated the incidence of anterior cruciate ligament
(ACL) injuries in dancers and found that dancers suffer considerably fewer ACL
injuries than athletes participating in team ball sports. Notably, the incidence of
ACL injury was not statistically different between sexes. The authors hypothesize
that the training dancers utilize to perfect lower extremity alignment, jump, and
balance skills may serve to protect them against ACL injury [96]. As a result, the
training protocol for the dancer may not need to target balance and landing as
intensely as athletes who play soccer and basketball. More recent research on ACL
injury biomechanics in dancers has shown that although they take longer to reach
fatigue of the lower extremities when compared to team athletes, once fatigue is
reached for both dancers and team athletes their landing mechanics place them at
greater risk for ACL injuries than before the onset of fatigue [97]. This research
supports the need for resistance training for dancers to improve muscle endurance,
as well as strength, to reduce injury risk. More specifically, pelvic stabilization
(targeting strength and neuromuscular control of the deep hip stabilizers) and
strengthening of the abdominal and gluteal muscles should be a cornerstone of
training for this active group of females.

Conclusion

Resistance training in pediatric dancers is safe and effective for improving muscle
strength, power, and endurance without effecting dance aesthetics. Research con-
tinues to evolve supporting the multitude of benefits to be derived from resistance
training for female dancers, along with a well-balanced diet and adequate rest and
recovery time. The call to action for all those caring for pediatric dancers is shifting
focus from injury treatment to injury prevention. A discipline-wide approach to
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injury prevention is needed, and might well begin with educating the dance com-
munity about the benefits, safety, and effectiveness of resistance training programs
that are designed, supervised, and taught by qualified professionals who understand
the physical and psychosocial uniqueness of active children and adolescents.
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