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Abstract
Fatigue is often thought of as any transient
exercise-induced reduction of work capacity. In fact, it is a complex phenomenon
caused by overlapping and interacting
peripheral and central mechanisms. There
is a known relationship between fatigue,
diminished performance, and injury. This
paper reviews what is currently known
about fatigue in the current literature.

F

atigue has been defined as “an
acute impairment of exercise
performance that includes both
an increase in the perceived effort necessary to exert a desired force or power
output and the eventual inability to
produce that force or power output,”1
and much of the literature is divided
into two subcategories: peripheral
and central.2
Peripheral fatigue influences function of the contractile processes in
muscle that typically take place during
progressive dance, fitness, and sports
training, or during functional work
that requires prolonged holding or
repetition of a high-force isometric
or isotonic contraction. It may result

from impairment of neuromuscular transmission, action potential
propagation, actin-myosin crossbridge
interactions, or calcium release and
uptake dysfunction in the sarcoplasmic reticulum.3 Peripheral fatigue may
also result from shortage of metabolic
substrates or accumulation of metabolites during exercise, such as glycogen
depletion in exercising muscle.3
Central fatigue, by way of contrast,
is an inhibitory influence on the
muscular system that can exist despite
an individual’s full motivation. It is
defined as a failure to maintain the
required or expected force for power
output function that cannot reasonably be explained solely by dysfunction in the muscle itself; rather, the
failure is associated with specific alternations in the central nervous system
(CNS), with resulting decrements in
muscle activation.1,4 Cognitive and
emotional factors, such as low motivation or negative stimulus, can also
promote fatigue.1,4,5-7
The overtraining syndrome is a
good example of central fatigue. Also
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known as “burnout” or “staleness,”
it is characterized by an unexpected
drop in performance that cannot be
attributed to illness or injury. It often
occurs when performance or training
loads are not matched by adequate rest
periods and in many cases is preceded
by a period of time during which a
dancer or athlete is able to maintain
his or her level of performance, but
only with a sense of greater effort.8
For example, Ross and colleagues 9
showed that cyclists racing in the Tour
de France, involving repetitive bouts
of exhausting cycling with only short
recovery periods interspersed, experienced both peripheral and central
fatigue, with central deficits persisting
even two days following the end of the
tour. Commonly, an individual suffering from overtraining syndrome will
experience symptoms such as mood
disturbances—including depression,
anger, irritability, and anxiety—as
well as feelings of general fatigue and
malaise, diminished levels of achievement and enthusiasm associated with
a loss of energy and vigor, feeling of
heaviness in the limbs, and changes in
sleep patterns and appetite.10-15
In the sports literature, Costill
and associates11 and Morgan and colleagues8,10,15 found that the condition
of overtraining commonly results
among athletes who have worked in
a highly intense manner that involved
monotonous training and performances with insufficient rest phases.
Ninety percent of the total injuries in
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these studies had a positive subjective
report of fatigue at the time of injury.

Background on Fatigue
As Lambert and coworkers16 suggest,
defining fatigue can be likened to
the task described in the well-known
Indian fable of the blind men and the
elephant. In the fable, four blind men
feel different parts of the beast and
describe it according to the part they
are feeling. The elephant incorporates
each observation, but it is only by seeing the entirety of the elephant that
one can accurately understand the
animal as a whole. Physiologically,
Lambert and colleagues16 hypothesize
fatigue to be a centralized, homeostatic control of exercise intensity
tolerance based on a black-box-like
neural integration of afferent information from the periphery, influenced
by such factors as prior experience
and training. They suggest that this
neural integration leads to an oscillatory power output and physiological
responses during exercise as the result
of a complex integration of inputs
from multiple systems, including both
feed-forward and feedback components. They consider that fatigue may
be a sensory perception rather than
a physical phenomenon and present
evidence for a complex but centrallyintegrated model of fatigue wherein
variables from the periphery provide
afferent feedback to the black-box
for calculation, thus informing the
perception of fatigue and resulting in
an attenuation of work output that
may be consciously or unconsciously
determined.
In both sports and dance, injuries result from a complex interplay
between intrinsic, extrinsic, and
situational variables that come about
during dynamic events that require
an equally complex coordination of
central and peripheral responses.17-24
Central and peripheral processing
mechanisms are both compromised
during fatigue, 25-27 and numerous
studies conducted on athletes28-30 have
shown that the ability to perceive in
situ conditions well in order to perform with efficiency and the ability
to make optimal decisions leading

to good reaction times and resultant
movement strategies, decline when
the athlete is in a fatigued state.31-33
Fatigue as it relates to dancer
health raises questions of how, why,
and when a dancer’s ability to adapt
successfully to his or her environmental challenges ceases to function
optimally. While studies showing
a relationship between fatigue and
injury among athletes are readily available,34-36 the purpose of this paper is to
review what has been published about
the effect of fatigue on dance injury
occurrence.

Background on Dance Injuries
The prevalence of dance injuries is
reported to be as high as 75% to 97%,
suggesting that participation in dance
activity is very risky.37-41 From a clinical point of view, however, prevalence
values can be misleading with regard
to actual activity risk because, while
prevalence studies shed some light
on the number of injuries present in
a sample of dancers at a given point in
time, they do not provide information
about how many new injuries occur
in dancers over a discrete time span,
and they do not yield prospective,
exposure-controlled data about factors
associated with the onset of injury.
In the 1970s, Dr. James Nicholas42
popularized an idea that dance is as
physically demanding as football and
as mentally stressful as bullfighting.
The aim of his expert opinion paper
was to help sports medicine clinicians
appreciate the different neuromuscular, environmental, and psychometric
demands imposed on participants
by various activities. By today’s standards of evidence, 43 activities are
more objectively evaluated for risk
using an injury rate equivalent (IRE)
scale, a 4-point classification system
that evaluates the number of injuries
occurring in groups of performers
over 1,000 units of exposure to their
activity. Injuries are counted in this
system when they have resulted in at
least one day of missed participation
in the activity beyond the day of the
injury event itself.44 Within the IRE,
an activity is considered low risk if
the number of time-lost injuries that

occur per 1,000 units of exposure is
between 0 and 2. As the number of
time-lost injuries increases, so too does
the risk. An activity that yields 2.1 to
4.0 time-lost injuries is considered
low to moderate risk, compared to
a moderate to high risk activity that
would yield between 4.1 and 6.0
injuries per 1,000 exposures, and a
high risk activity that would yield 6.1
or more injuries. Using these criteria,
dance falls somewhere between level
1 (low risk)45,46 and level 2 (low to
moderate risk),47 well behind football,
which qualifies as a level 4 (high risk)
activity.44,48
Injuries in dance are similar to
injuries in sports in the sense that
they are activity-specific, resulting
in patterns representative of the
movement demands associated with
the activity.49 In numerous studies,
dance injuries have been found to
occur most commonly in the lower
extremities, especially the foot and
ankle region.40,47,50-52
It has been reported that most athletic injuries occur in the later stages of
training and competition periods.53-64
In the dance literature, five studies
have reported that injuries occurred
most often during performance
seasons when dancers were engaged
in work-related physical activity for
approximately 4 more hours per day
than at other times of the year, such as
during rehearsals and layoffs.40,47,50,65,66
Conversely, three studies found that
the greatest incidence of dance injuries
occurred during rehearsal periods,
when new work was being learned and
participation in repetitive activity was
at its highest.46,67,68 All of the dance
studies regarding when injuries happen have in common the conclusion
that injuries occur most often when
dancers are in training or work phases
that entail overload and fatigue. In the
sports medicine literature, Hootman
and associates69 evaluated 182,000
injury reports from 17 different men’s
and women’s sports over a 5-year period and found that the vast majority
of sports injuries occurred during
games in the competitive season versus
during practice in the preseason or
postseason periods, with the exception
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of gymnastics. Gymnasts, contrastingly, were injured three times more
often during preseason practice than
during competition, due either to
relatively lax physical conditioning
or to fatigue from increased training
intensity and duration associated with
returning to practice schedules following the offseason.48

Dancers and Fatigue
Hamilton and colleagues41 found that
frequency of dance injuries and time
disabled were functions of exposure.
Kadel and associates70 and Liederbach and coworkers 71 both found
that exposure time among injured
dancers was significantly higher than
among uninjured dancers. Kadel
and colleagues surveyed 54 female
dancers from two professional ballet
companies and found that a total of
27 fractures had been reported in 17
of the dancers.70 Interestingly, when
they divided the whole sample of
dancers into those who danced more
than 5 hours per day and those who
danced less than 5 hours per day, the
subjects who danced more than 5
hours per day were significantly more
likely to have a stress fracture than
those who danced less. Dancers with
stress fractures also had a significantly
longer duration of amenorrhea than
did those without stress fractures, a
finding that corroborates the work of
Warren and associates.72
Two other studies have shown a relationship between injury occurrence
and volume of time danced. In 1994,
Liederbach and colleagues65 studied
12 professional ballet dancers over the
course of an annual, 5 week New York
performance season when the average
number of hours of work per day was
4 more than the pre- and post-season
schedule. The investigators in this
study measured weekly urinary excretion of free norepinephrine and epinephrine, change in mood using the
Profile of Mood States (POMS),73 and
injury onset using the International
Performing Arts Injury Reporting
System (IPAIRS).74,75 Results of this
analysis showed that average weekly
excretion of catecholamine increased
with time for norepinephrine and

epinephrine. Two mood categories
assessed by the POMS, fatigue and
inertia and vigor and activity, changed
significantly over the course of the
5-week season. Coincident with the
time of change in catecholamine and
mood was a significant rise in the
number of injuries experienced by the
dancers. At the beginning of the season, 100% of the sample dancers were
injury free. By week 3 of the season,
33% of the dancers were injured, and
by week 4, when the fatigue and vigor
categories of the POMS changed significantly, 66% of them were injured.
This study documented a change in
urinary catecholamine, mood, and
injury onset among dancers as the
duration of their performance season
progressed. The daily training schedule of a professional ballet dancer is
extensive and increases remarkably in
intensity as well as in duration during
a performance season, as demonstrated by significantly higher heart
rates in performance compared with
class and rehearsal work.76,77
Another study that shows a relationship between injury and fatigue
is one focused on the topic of anterior
cruciate ligament (ACL) ruptures
among dancers.47 In the general population, it is estimated that between
100,000 and 200,000 ACL injuries
occur annually in the USA, with a
high risk of re-injury, and more than
one half of those going to surgery.78-80
To understand how many ACL injuries happen to dancers and their
etiology, Liederbach and associates
followed 298 dancers prospectively for
a 5-year period of time to document
injury rates and circumstances related
to those injuries.47 In this study, the
results indicated that ACL injuries
among dancers were not related to
differences in any physical factors
when compared with the dancers who
did not experience an ACL injury.
However, the injuries occurred most
often late in the day (67%) and late in
the season (75%), suggesting fatigue
as a causal factor. This suggestion
appears to be corroborated by the
work of Mueffels and colleagues.66
In their 10 year retrospective study,
they compared ACL injury occurrence

103

among dancers from three professional companies in the same region
(two contemporary and one classical
ballet), of similar size (approximately
80 dancers per company), similar
number of workdays (5 to 6 per week),
similar environmental conditions
(flooring, etc.), and similar number of
annual performances (approximately
100). Fifty percent of the ACL injuries
occurred during performance, and
100% of the dancers who experienced
ACL injuries (N = 6; 4 men and 2
women) were from the classical ballet
company in which the repertoire included a far greater number of jumps
than did the contemporary dance
companies’.
While there is growing evidence
that ACL injuries in sports and dance
are related to fatigue, little is known
about the effect of fatigue on balance.
We raise this point because balance
is a function essential to the mastery
of dance technique81,82 and is a skill
critical to the safety of dancers (given
their work on diminished bases of
support such as when performing in
a single leg stance in relevé posture,
while wearing pointe shoes or high
heeled shoes, and when performing
in light-altered environments such
as dim or very bright stage lighting,
spot lights, or scene changing blackouts) and because it is known from
the sports medicine literature that an
athlete’s ability to control his or her
balance during activity plays a critical
role in prevention of lower extremity
injury.83-85 Impaired balance has been
shown to be a risk factor for traumatic
non-contact rupture of the ACL.86-90
In a 2006 study, Liederbach and
associates speculated that ACLreconstructed (ACL-R) dancers would
show impaired balance due to mechanoreceptor impairment incurred
during ligament injury.91 Because
dancers rely so heavily on balance
ability to successfully and safely
complete their movement tasks, the
investigators designed the study to
determine if a difference existed in
tests of balance between ACL-intact
and ACL-R dancers before and after
fatigue. Twenty subjects (14 women
[8 ACL-intact, 6 ACL-R] and 6
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men [3 ACL-intact, 3 ACL-R]) were
studied for comparison of single-leg
stance balance under eyes-open and
eyes-closed conditions before and
after completing a fatigue protocol.
The results of this study showed that
single leg stance balance performance
was not different between ACL-R
and ACL-intact subjects during any
of the non-fatigue tests. During the
eyes closed test, however, all subjects
performed profoundly worse on the
NeuroCom Balance Master (NeuroCom International Inc., Clackamas,
OR) when fatigued, with the ACL-R
group showing the greatest decline.
Moving from physical volume
and training considerations to the
psychodynamic elements associated with injury, Liederbach and
Compagno studied fatigue-related
findings from 500 injury reports on
644 dancers from 3 different settings
who participated in an injury survey
over a 2 year period.92 In this investigation, dancers were screened at
the beginning of the study for injury
risks, including eating attitudes (using the Eating Disorders Inventory
2 [EDI-2])93,94 and mood (using the
POMS).73 Psychometric data from
these screenings were evaluated by
sub-groupings of dancers who had
experienced a reportable injury according to the IPAIRS injury data collection system during the subsequent
study period and those who had not.
The study’s findings revealed that
fatigue was indicated as a significant
injury factor in several data items,
including subjective perception of
fatigue, POMS scores, exposure hours
on day of injury occurrence, time of
injury relative to season of work, and
level of work intensity at the time of
injury occurrence. Seventy-nine percent of the reported injuries in this
study happened in the evening, all
but two after the dancer had already
been exposed to 5 or more hours of
dance activity that day, corroborating
the findings of Kadel and colleagues.70
At the time of injury, 79% of the
dancers reported they were engaged
in familiar repertory work, as opposed
to the creation of new choreography
or technique class. Eighty percent of

the injuries occurred during self-described high cardiovascular intensity
dance and 67% during the middle
and end of a performance season,
corroborating the findings of Garrick and Requa50 and Solomon and
associates.40 When comparing injured
to non-injured dancers by the POMS
categories, injured dancers scored
significantly higher on the fatigue
item at the start of the study than did
the non-injured dancers. This finding
corroborated findings by Smith and
coworkers,95 who reported that the
mood state of fatigue, as measured by
POMS, significantly predicted injury
in high school ice hockey players.

Fatigue, Diet, and Menstrual
Status
Fatigue related injuries have been reported to increase when an individual
fails to maintain a good diet or experiences regular psychosocial stressors,
including work or school conflicts,
especially if he or she possesses poor
coping ability.10-14 For dancers undertaking prolonged submaximal or
intermittent high intensity exercise
bouts on successive days for several
weeks, the restoration of glycogen
stores is probably the single most
important factor in determining their
recovery time to continue or resume
exercise.96,97 In the Liederbach and
Compagno study discussed above,
a significant difference was found
between injured and non-injured
dancers with respect to dieting behaviors and eating attitudes.92 Sixty-nine
percent of injured dancers reported
that they were dieting to lose weight
at the time of their injury, and the injured dancer cohort had significantly
higher scores for thinness, bulimic
tendencies, perfectionism, and body
dissatisfaction on the Eating Disorders
Inventory-2 than did the non-injured
cohort.93,94
From a basic science perspective,
the following three final studies are
of value in shedding light on fatiguerelated injuries. Glace and colleagues
and Liederbach and associates studied
32 professional ballet dancers to determine if gender or menstrual status,
as one potential indicator of energy

balance, affected muscle strength or
electromyographic (EMG) activity
during serial fatigue tests.98,99 In these
studies, quadriceps and hamstring
peak torque, when normalized to
lean body mass and when tested at
50% maximum voluntary contraction
(MVC), was significantly higher in eumenorrheic women and men dancers
than in amenorrheic dancers, but time
to fatigue was not different between
groups. The amenorrheic dancers in
this study reported exercising 11.5
hours more per week than their eumenorrheic counterparts and 20.7
hours more than the men. Higher
injury rates seen in amenorrheic dancers may be due to exercise exposures
that exceed an optimal dose-response
for good health, corroborating the
work of Kadel and coworkers,70 or
to inadequate strength to meet the
demands of dance.71 Caloric intakes
of amenorrheic women have been reported to be less than those of eumenorrheic women,100 and since estrogen
is an anabolic steroid associated with
osteoblastic activity, muscle substrate
utilization, and hypertrophy, its diminution in amenorrheic dancers may be
related to an underlying pathophysiologic mechanism for injury. Finally,
Cohen and colleagues101 found that
the prevalence of secondary amenorrhea induced by physical and emotional stress and fatigue increased
significantly in female dancers during
performance seasons, which in turn
increased their risk of bone injuries
and other health problems.72,102,103

Summary
The deleterious effects of fatigue on
human performance have been well
documented.33,104-114 It is known, for
example, that lower extremity kinematics and kinetics associated with
landing from a single leg jump—the
mechanism of injury for the most
common of all traumatic injuries
in dance, the ankle sprain, as well
as for rupture of the ACL—change
under the condition of fatigue such
that there is an increase in threedimensional motions and loads and
a deterioration from neutral to nonneutral alignment.31,115-120
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Fatigue significantly decreases
muscular force development and
contraction velocity,121 increases the
forces imposed on passive tissues,122
adversely alters neural feedback,123-126
and has a negative effect on joint
stability.1,111,113 In addition, fatigue
has been shown to significantly alter,
in a suboptimal direction, dynamic
balance control.91,127
More work remains to be done
in dance for us to understand fully
the complex interactions between
emotions, personality, behavior, and
health outcomes in dancers, but
there are some clear lessons to be
gleaned from the above body of work.
Risk for injury increases with dance
exposure not only because of neuromuscular fatigue associated with the
nature and repetition of the movement involved, but also because of
the opportunity for psychodynamic
fatigue to set in.
The transition from appropriate
training to overtraining is gradual and
difficult to diagnose in the early stages.
Teachers and artistic staff should be
encouraged to think routinely of ways
to bring variety to their technique
and rehearsal schedules to avoid the
monotony component of overtraining. Leaders in the field of dance
must consider how to superimpose
periodization onto dancer schedules
and supervise training exposures,
specificity, and overloads, ensuring adequate rest between training bouts and
between high intensity performance
weeks over long-lasting performance
seasons.128 Cardiovascular conditioning, hydration, healthy eating, and
weight management behaviors must
be properly taught and implemented.
Complaints of fatigue and perceptions
of increased exertion beyond what has
been typical for a given task should be
taken seriously, especially if observed
with changes in mood, sleep patterns,
diet, or other life events, as they may
well be indicative of increased vulnerability to injury.128-131
With the continued promotion of
informed behavior with food and water, balanced work and rest schedules,
regulated incorporation of modern
conditioning principles, and the de-

velopment of social support systems,
many dance injuries may be avoided
without compromise to technical and
artistic excellence.128-131
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