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Introduction


Dancers are performing athletes.  Similarly to athletes, dancers are at an increased risk of injury with prevalence rates of 67-95%, and about half of all dancers report a chronic injury1. While there are significant differences between sports and the performing arts, dancers must be able to overcome similar physical demands, making their physiology and fitness characteristics just as important as their skill acquisition2.  However, professional dancers often demonstrate fitness values close to those of healthy sedentary individuals of comparable age due to the predominant dance-only training system2.  Fitness components to consider include aerobic fitness, anaerobic fitness, muscular strength, flexibility, and body composition2. Recent evidence has shown that deficits in such fitness parameters, particularly strength and aerobic fitness, may increase dancers’ risk for injury2.  


When taken into account, these deficits in fitness parameters along with the repetitive nature of their movement patterns place dancers at great risk for overuse injuries.  Professional dance companies have reported that as many as 95 percent of their dancers are injured annually3, though the majority of studies report injury rates in the 80 percent range4.  Dance schools have reported as many as 77 percent of their adolescent dancers being injured in one academic year3.   The majority of injuries (60-75%)4 are classified as overuse, and most of these injuries occur in the lower extremity3.  

A widely held view in the dance world is that any exercise training outside of dance may interfere with dancers’ aesthetic appearances, so the dance community is hesitant to adopt new training regimens2.  Preliminary evidence shows that this is not the case2,9,11,12.  Therefore, the purposes of this review are to analyze the factors associated with overuse dance injuries, including both extrinsic and intrinsic factors, and to determine if supplemental training programs are more effective than dance-only training in preventing injuries among dancers.  An awareness of these issues is crucial not only for dancers and their instructors but for clinicians in the field of performing arts medicine.  Such insight will be beneficial for determining effective prevention and rehabilitation strategies.

Extrinsic Factors Associated with Overuse Dance Injuries

Training Errors

Inappropriate training methods are believed to be one of the most frequent causes of overuse injury among dancers13.  Training errors include excessive duration or intensity of training, failure to allow adaptation to new training levels, and failure to allow for individual differences in adaptation and performance13.  Dancers often take multiple classes each day, in addition to their rehearsals and performance schedules, so it is understandable why dancers are vulnerable to overuse injury.  
Dance Floor


The dance floor’s characteristics may play a role in injury prevention.  Most professional companies have suspended or “sprung” floors that allow for better shock absorption when jumping and landing, compared to hard surfaces.  One study compared the stiffness of bilateral lower extremities among ballet dancers performing sautés (jumps) on a low-stiffness sprung floor and a high stiffness floor comprised of wood over concrete14.  The authors found increased stiffness in the lower extremities in the sprung floor condition, suggesting that some of the force of landing was absorbed by the sprung floor, rather than the participants themselves.  This same group of researchers found similar results when dancers performed a grand jeté or leap in a different study15.   As a result, the authors believe that training on a sprung floor compared to a hard surface may help to prevent dance-related injuries14,15.    
Footwear

Dance shoes should also be considered as a source of injury.  Unlike running shoes, dance shoes worn in ballet, modern, and jazz provided little shock absorption and support.  Pointe shoes worn in ballet are primarily designed to maintain the foot en pointe13 (See Figure 1).  Improperly fitted pointe shoes can cause corns, calluses, and blistering.  Dancers may choose from numerous styles and manufacturers of pointe shoes, and the shape of their foot should be considered when being properly fitted for a shoe. The length and width of the vamp may vary between styles, as well as the width of the toe box and strength and stiffness of the shank20. The development of Achilles tendinosis has also been implicated from pointe shoe ribbons that are wrapped too tightly around the ankle and cut into the skin13.   
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Figure 1.  Relevé en pointe in 5th position and pointe shoe anatomy20.
Intrinsic Factors Associated with Overuse Dance Injuries
Age


Research has shown general differences in the types of injuries sustained based on age.  Leanderson et al5 surveyed medical records of a ballet school for dancers aged 10-21 over a seven-year period.  The authors found that with increasing age, the injury incidence increased.  Overuse injuries were found to be more common than traumatic injuries in the older age groups with the most common site being the foot/lower leg5.  Another study analyzing injuries among professional ballet dancers aged 17-47 also found significant differences based on age.  Nilsson et al6 reported that over the course of the five years, younger dancers suffered more traumatic injuries such as ankle sprains than older dancers.  Ankle sprain was the most common diagnosis, and 75 percent of the sprains occurred in dancers age 26 and younger.  The incidence was approximately four times greater in the youngest dancers compared to those over age 30 (p<.05).  It is apparent from the evidence that dancers of all ages are affected by injury with the incidence of overuse injuries increasing with age.

Gender

Few differences in injuries with respect to gender among young dancers have been noted, as more discrepancy exists among professional dancers.  The total injury incidence rate for dancers at a ballet school aged 10-21 was 0.8 injuries per 1000 hours of dance5.  This value was identical for both males and females and is consistent with previous reports of 0.77 injuries per 1000 hours of dance among preprofessional dancers3.  Injuries to the thigh/hip were more common among female dancers.  Among professional dancers, acute knee injuries were more common in male dancers6 with 75 percent of knee injuries occurring in males.  Traumatic injuries in general were seen most commonly in male soloists, while female dancers were more likely to suffer from an overuse injury to the foot/ankle6.  In this professional ballet company, the mean injury incidence rate was 0.62 injuries per 1000 hours of activity (0.56 for females, 0.72 for males).  
Nutritional and Hormonal Status

Disordered eating, menstrual disturbances, and low bone mineral density can pose significant risks to female dancers.  Together, these three conditions comprise the female athlete triad.  The female athlete triad is prevalent in sports and activities, such as dancing, in which leanness and/or low body weight is considered important16.  A recent systematic review found that disordered eating and menstrual disturbances are common in dancers.  Research is lacking concerning the prevalence of low bone mineral density or osteoporosis in this population16.  Prevalence rates of eating disorders were found to be variable, but the authors of the review concluded that disordered eating is problematic at all ages and skill levels, with reports of a lifetime prevalence up to 50% among professional dancers16.  Nutritional deficiencies can lead to loss of muscle mass and early muscle fatigue, predisposing malnourished dancers to injury13.  Menstrual disturbances, including amenorrhea, also have profound implications, as lower circulating levels of estrogen can lead to an increased risk of stress fractures13.  Appropriate education concerning these conditions should begin at a young age when most dancers begin serious training, as this could have great impact on future health.  
Biomechanical Factors


Most research concerning overuse injuries and biomechanics has been performed on runners, but biomechanical factors and alignment can play a significant role in dance injuries as well13.  The discipline of dance, especially ballet, demands precise positions and movements that are unlike those in other sports.  For instance, dance movements, especially in ballet, emphasize hip flexion, external rotation, and abduction.  Hip adduction and internal rotation are rarely adopted.  As a result, it has been theorized that external rotation and adaptive shortening of the lateral hip joint capsule occurs, along with adaptive shortening of the gluteus medius and iliotibial band17.  The shortening of these muscles and weakening of antagonistic muscle groups that control hip adduction and internal rotation can have implications in injuries such as painful snapping at the hip, trochanteric bursitis, and iliotibial band syndrome17.    
A prime requirement of ballet is having adequate “turn out”, which is external rotation of the hips and lower extremities.  The sum of femoral neck ante- or retroversion, femoral torsion, knee alignment, and tibial torsion comprises one’s total turnout.   Dancers generally have total hip range of motion similar to the general population, but they usually have a predominance of external rotation13.  The unusually large range of hip external rotation is due to bony and/or soft tissue adaptations17.   When dancers attempt to “cheat” their turnout and force their feet into the proper position, this is when injuries may occur.  Rather than turning out from the hips down, they attempt to achieve turnout from the floor up.  This leads to excessive foot pronation (shown in Figure 2), external tibial torsion, increased valgus knee stress, increased Q angle, lateral patellar tracking, and lumbar lordosis13. This improper alignment can predispose a dancer to overuse injuries.  
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 Figure 2. Excessive pronation in first position from forcing turn out 
The resultant pronation from forcing one’s turn out can cause difficulty as the dancer supinates her foot to go en pointe or relevé13.  The flexor halluces longus and tibialis posterior tendons become repeatedly overstressed, which contribute to tendinopathies.  Increased pronation has also been correlated to Achilles tendinopathy, as it causes a “whipping effect” and is hypothesized to decrease blood flow to the Achilles tendon18.  This whipping of the Achilles tendon would occur repeatedly as the dancer goes en pointe13.    Coplan19 found that ballet dancers have a greater risk of injury if they assume a turnout position that is greater than their available bilateral passive hip external rotation range of motion.  Thirty college-level dancers participated in the study, and the comparison between each dancer’s first-position turnout and measured passive hip external rotation range of motion was called “compensated turnout”.  Dancers with a self-reported history of low back or lower extremity injury had a mean compensated turnout of 25.4 degrees, compared to the non-injured dancers who had a mean compensated turnout of 4.7 degrees19.
Improper turnout at the hips may also increase the risk of knee injuries in dancers.  When the dancer firmly rotates his/her feet in line with the coronal plane and then extends the lower extremities leaving her feet in place, this induces considerable stress over the medial aspect of the knee joint17.  Patellar tendinitis or jumper’s knee is another common knee injury among dancers as a result of repetitive jumping (sautés), especially if there is an increased frequency of loading on a bent knee17.  Training on hard surfaces has also been shown to be a risk factor for patellar tendinopathy20, which echoes the importance of training on a sprung floor, described earlier.  A decrease in quadriceps function and strength has been implicated with various injuries to the patellofemoral joint, especially among female ballet dancers age 10-19 years old17.   
It is also important for the clinician to note that previous dance injuries may contribute to acquired movement dysfunctions.  The culprit of the injury may be at a site distant to the dysfunction as a result of alterations in the kinetic chain13.  A kinetic chain dysfunction may be indicated by restricted or exaggerated motion, particularly if asymmetry is present.  For example, ankle sprain is a common diagnosis among dancers, and previous ankle sprains have been linked to new overuse injuries as a result of decreased subtalar and ankle motion13.  The resulting abnormal pronation or supination stresses the muscle tendons that stabilize the foot and ankle, leading to injury.  Thus it is beneficial for a clinician to ask the dancer to perform functional dance movements including a demi-plié (Figure 3) and relevé (Figure 4) and observe for any asymmetry or malalignment.
[image: image3.jpg]





[image: image4.jpg]3
B am—
7




Figure 3. Demi-plié first position

Figure 4. Relevé first position
Physical Fitness


The effects of physical fitness on the incidence of injuries among dancers are important to examine and one of the primary purposes of this review.  Angioi et al7 conducted a study that investigated the relationships between injury and fitness parameters among ballet dancers.  Thirteen elite female ballet dancers, mean age nineteen years, participated in the study.  All participants were in a touring performance group with classes and daily rehearsals on top of their performances.  The researchers collected various fitness measures including percent body fat, flexibility, vertical jump, press-up test, plank test, and the Dance Aerobic Fitness Test.  These measures were collected at baseline, and injury reports were collected over the following 15 weeks.  Results showed that 8 of the 13 dancers sustained overuse injuries with the majority being to the foot/ankle.  Interestingly, the researchers found a significant positive correlation between the number of injuries sustained and the recorded heart rate at the end of the Dance Aerobic Fitness Test.  This demonstrates a link between poor aerobic capacity and risk of injury.   Dancers often have decreased aerobic capacity compared to other athletes, with ballet dancers typically being inferior to their modern dance counterparts2.  It is not surprising that dancers have low aerobic fitness since ballet is more anaerobic in nature, but because of the prevalence of dance-only training, their aerobic capacity is much lower than other athletes in primarily anaerobic sports2.  It has been suggested that ballet class work does not provide enough of a stimulus for cardiorespiratory gains, as barre work often consists of exercises of low to moderate intensity2.  Greater intensities of 70-80% VO2 max have been observed during floor work and during stage performances, but these only last approximately three minutes2.  Consequently, it appears that greater aerobic conditioning may be beneficial for the prevention of injuries.


Anaerobic capacity is a fitness component that has not been as widely studied, but research has shown that adolescent ballet dancers demonstrate lower relative and mean power during a Wingate Anaerobic Test than basketball players of comparable age8.  Vertical jump height is a more common measure to assess muscular power in dance research7,9.  The importance of power in dance should not be understated, as significant associations between jump height and aesthetic competence in dance have been shown9.  A cross-sectional study by Angioi et al9 utilized a new Contemporary Dance Aesthetic Competence Test to assess which fitness parameters are more predictive of aesthetic competence in modern dancers.  The aesthetics of dancing separate it from other sports or physical activities, and the authors concluded that the combination of jump height and upper body muscular endurance are the best predictors of aesthetic competence in modern dancers.  Whether or not muscular power is associated with dance injuries remains to be seen.


Flexibility and body composition are two additional fitness components that must be considered.  Muscle flexibility and joint mobility have been shown to be predictors of dancing ability, and dance is often practiced by very flexible individuals2.  Flexibility is not an area that has received much attention with respect to injuries in dancers, but flexibility imbalances may be problematic2.  Body composition, however, has more significant associations with injury incidence.  Angioi et al7 found a significant negative correlation between the length of time a dancer modified her activity following injury and her percent body fat.  The low bodyweight of female dancers, particularly ballet dancers, is an aesthetic requirement that can cause severe medical problems, including the female athlete triad2, as described previously.  Research has shown that very lean dancers are more prone to injury than less lean dancers2, and they take longer to recover from injury as well7.  


Lastly, muscular strength is an important component to consider, as lack of strength has been implicated with increased risk of injury2,3.  When Gamboa et al3 reviewed elite adolescent dancers’ medical records over a five-year period, significant differences in strength were found between the injured and non-injured dancers.  The preseason assessments demonstrated that greater lower extremity strength was associated with decreased incidence of injury.  Over half of the injuries sustained were to the foot/ankle3.  If there is inadequate muscular strength or endurance, dancers will be more susceptible to fatigue and more likely to suffer an injury.  Imbalances in muscle strength between antagonist groups may also lead to muscle tears and injury13. Research has been shown that the smaller the knee flexors to extensors ratio, or the weaker the hamstrings compared with the quadriceps, the more severe the low back injury in dancers10.  Back pain has been reported as the most common site of injury among dancers in some studies2,4.  Because research is beginning to show that strength deficits in dancers may be a contributor to their risk of injury, supplemental strength training programs may be warranted.

Supplemental Training


Surprisingly little published data exists that has investigated the effects of supplemental training on dance performance, considering the correlations that have previously been found between strength and injury incidence.  This is likely due to a fear shared by some in the dance world that supplemental training regimens would undermine important aesthetic appearances11.  A study by Twitchett et al12 examined the effects of a fitness training program on the aesthetic quality in classical ballet dancers.  The intervention group underwent weekly one-hour training sessions that included aerobic interval training, circuit training, and whole body vibration.  Dance proficiency was measured using a four-minute sequence, and the intervention group demonstrated a significantly greater increase overall in performance compared to the control group.  No detriments in aesthetic quality were observed.  

Another study assessed the effects of a 12-week aerobic and muscular strength training program on dance performance and fitness-related parameters among modern dance students11.  Modern dancers (mean age 19 years) were randomly assigned to an intervention or control group.  Outcome measures assessed included percent body fat, flexibility, VO2 max, leg strength, and a dance performance test specifically designed for the study.  The 12-week intervention consisted of 20-40 minutes of aerobic activity such as swimming or jogging 2-3 times per week at 70-75% age-predicted HR max.  Up to three 50-min sessions of strength training were completed each week that progressed from low resistance with high repetitions to high resistance with low repetitions.  Following the 12 weeks, significant improvements in dance performance, VO2 max, leg strength, and flexibility were found within the intervention group only.  This study further demonstrates that improvements in aerobic capacity and leg strength do not hinder the development of dance performance or the aesthetic quality of dance.  It also suggests that dance training alone is insufficient to provide the necessary stimulus for adequate improvements in physical fitness, as the control group did not demonstrate improvements in fitness parameters over the course of 12 weeks.

Recommendations for Dance Training and Clinical Practice

A review of the evidence demonstrates that deficits in fitness parameters including aerobic capacity and strength have been linked to an increased incidence of injury among ballet and modern dancers2,3,7,10.  Presently, a gap in the literature exists, as no studies have examined the effects of supplemental training on injury incidence among dancers.  Supplemental training within this population is warranted and has shown to have positive outcomes with respect to fitness and performance11,12, but whether or not it will affect injury incidence remains to be seen.  Preliminary results indicate that fitness parameters can be increased without interfering with artistic and dance performance requirements2, and that improving fitness may actually improve aesthetic competence and dance performance overall9,12.  As a result, strength training, aerobic cross training, and education concerning body composition are important components that should be addressed within a supplemental training program in order to effectively improve fitness, dance performance, and theoretically prevent injury.  Such knowledge is pertinent to both dance instructors and clinicians in the field of dance medicine.  From the limited data available, it may be that minimal supplemental training is necessary since studies have reported benefits from programs ranging from one to three days per week11,12.  Since dancers already spend a significant amount of time in classes, rehearsals, and performances, these results are promising.  Even though preliminary data has shown otherwise, it would be important to initially be cautious about new training programs in order to ensure the aesthetic component of dance is not compromised by new training techniques2.  Approaching a new program with caution would also help to avoid further injury from overuse.  

While a physical therapist will assess various factors when determining a patient’s risk for injury, including the aforementioned intrinsic and extrinsic factors, assessing a dancer’s strength and aerobic capacity is highly recommended.  Gamboa et al3 concluded that a thorough medical history and profile of previous injury may be sufficient to identify dancers at risk of injury, as few factors were found to be associated with injury.  Clinicians should absolutely obtain past medical history information, but specific fitness parameters should be also measured, particularly if the goal of the intervention is improved fitness as well.  Whether the physical therapist is developing an intervention for a healthy dancer or for an injured one, the rehabilitation strategies will differ but should incorporate similar elements of strengthening and aerobic conditioning in addition to dance-specific exercises.  From the limited evidence, a 12-week intervention may be sufficient to see significant improvement11, but no definitive conclusions may be drawn presently, as limitations in the literature must be addressed.
Limitations and Direction for Future Research


It is important to recognize the limitations that will affect how this information is used in clinical practice.  While the evidence is promising, few randomized controlled trials have been conducted, and most of the pertinent studies assessing the relationships between fitness and injury in dancers are retrospective in design.  This weakens the level of evidence.  Additionally, a limited number of studies are currently available, and most of these include small sample sizes, which means the results lack statistical power.  Furthermore, studies in this area often lack the use of validated outcome measures.  It is difficult to measure proficiency in dancing, so new dance-specific tests have been developed by some authors7,9,11.  These measures such as the Dance Aerobic Fitness Test and Contemporary Dance Aesthetic Competence Test lack validity, and it is difficult to make comparisons between studies when various outcome measures are used.

Future research in this area should include more studies of larger, randomized controlled trials that examine the relationships between fitness, injury, and supplemental training to bridge the current gap in the literature.  Studies of both ballet and modern dancers are needed, and the field of research could expand to incorporate other types of dancers as well.  Additionally, validated dance-specific outcome measures are necessary to make comparisons between studies and determine best clinical practice.


Conclusion

Overuse injuries are prevalent among ballet and modern dancers of varying ages.  Physical therapists play a crucial role in identifying dancers who are at risk for injury.  Lower extremity strength, aerobic fitness, and body composition, along with other various intrinsic and extrinsic factors including training errors, floor surface, footwear, hormonal and nutritional status, and biomechanical factors, must be considered.  An awareness of these factors will assist dance instructors and clinicians to improve training techniques, physical conditioning, and employ effective injury prevention strategies2. Supplemental training for dancers, specifically strength training and aerobic cross training, has shown promising results for improved physical fitness and dance performance.  More research is required to determine how such training will impact injury incidence.  
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