
INTRODUCTION

Dancers represent a medically under-served occupa-
tional group at high risk for work-related muscu-
loskeletal disorders (WMSD). They are highly trained
individuals who perform repetitive, reproducible, and
consistent movements.1 The annual incidence of
injury in professional dancers is 67–95%.2–6

Traditionally, dancers are considered to be both
artists and athletes. Accordingly, medical practition-
ers have adopted a sports medicine model in the care
of dancers within their respective organisations.
Activities such as annual screenings and performance
coverage pattern themselves after pre-season team
screenings and game coverage. This approach has
been effective enough to produce a recent offspring,
dance medicine, which has sought to describe pat-
terns of, and risk factors for, dance-related injury. As
dance medicine continues to grow, many of its special-
ists are also drawing from another model, occupa-
tional medicine, to develop injury prevention and
management programmes tailored to the special
needs of this population.

In this article, we borrow from both the sports and
occupational medicine models to review some of the
issues in addressing WMSD in dancers. Consider-
ation will be given to injury risk factors and options
for organisational management of injury. To further
our discussion, Figure 1 illustrates a dance medicine
conceptual model demonstrating the interaction of
intrinsic risk factors of the dancer/worker with extrin-
sic risk factors of dance/work that may result in mus-
culoskeletal injury and the points at which prevention
measures can be introduced.

MULTIFACTORIAL RISK FACTORS

WMSD incur enormous health and financial costs.
They account for over 85% of workers’ compensation
(WC) claims in the US, with estimated annual costs
ranging from $13–54 billion.7,8 In order to design
optimal prevention and intervention strategies for
workers, it is important to ascertain the nature of risk
for WMSD. Risk factors are attributes or elements
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that predispose an individual to injury and can be
classified as either extrinsic or intrinsic.9

Extrinsic risk factors include type of work, duration
of workloads (exposure), equipment, and
environmental conditions.

Intrinsic risk factors are worker-specific physical
characteristics such as gender, age, joint laxity and
flexibility, previous injury, physical fitness, and
psychological factors, which may or may not be
modifiable.

Extrinsic risk factors

Over the past 20 years, sports medicine epidemiologists
have demonstrated the relationship between specific

extrinsic risk factors and injury, and implemented pre-
ventative programs to effectively reduce injury rates.10–13

The US National Institute of Occupational Safety and
Health (NIOSH) has identified extrinsic risk factors
related to WMSD of the neck, upper extremity, and
back.14 These include use of the upper extremity in awk-
ward postures (e.g. overhead work with arm elevation
greater than 60° of flexion or abduction), and high
repetitiveness, velocity, or forcefulness.15 For the low
back, risk factors include duration and heaviness of lift-
ing and work in awkward postures.

There is a paucity of information on lower extrem-
ity occupational injuries, which comprise the majority
of dance injuries,2–6 perhaps because it is difficult to
separate work-related physical stressors from those
encountered in activities of daily living (ADL).
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Fig. 1. Experimental paradigm demonstrating multifactorial WMSD conceptual model.



Several studies suggest that specific occupational expo-
sures are associated with lower extremity musculoskele-
tal pathology. Occupations that require kneeling,
squatting, and lifting have an increased risk of knee and
hip WMSD.17,18,20,29,30 These groups include carpenters,
carpet and floor layers, farmers, miners, military con-
scripts, and elite athletes including dancers.20–30

Dance careers are relatively short-lived compared to
many occupations, ranging from 2–20 years, and fre-
quently curtailed by injury. The majority of annual dance
injuries involve the lower extremity (57–75%).3–6 Of these,
the foot and ankle were most frequently involved
(26–57%). Overuse (cumulative trauma) injuries account
for the majority (60–76%) of all dance injuries.3,6,31

Comparisons with other occupations suggest that
dancers sustain a higher incidence of WMSD than
workers in high-risk jobs such as construction.32 In the
construction industry, the rate of injury cases per 100
full-time carpentry and floor workers was 9.6 in year
2000.32 In contrast, the rate of injury cases at a large
modern dance company was 67.4,3 making a relative
rate ratio of 7.0 for dance to carpentry injuries (95% CI:
3.56–13.76).

In dance, extrinsic risk factors may include technique
demands, dance style (ballet, modern, jazz, etc.), expo-
sure, training errors, environmental conditions, and
equipment (Fig. 1). While these factors are discussed
separately, we must assume that they are not mutually
exclusive. Further multifactorial analyses are required
to determine interactions.

Technique demands

Dance requires frequent changes in position, including
kneeling, squatting, high leg extensions, jumps, hops,
leaps, and turns. In addition, both male and female
dancers may be required to lift a partner’s full weight
overhead or in awkward postures. Dancers may per-
form activities similar to known stressors such as kneel-
ing and squatting an estimated 20–50 times/day. To
date, few studies have examined the relationship of
these risk factors to specific dance injuries.

The most critical technique demands in dance are
related to the postures, range of motion (ROM), velocity,
duration, and repetitive requirements of the choreogra-
phy. Dancers exhibit increased physiological flexibility
compared to the general population33,34 and are called
upon to work at joint extremes. At the extremes of joint
range, muscles are at the greatest mechanical disadvan-
tage,35 theoretically putting the dancer at greater risk of
injury. The postures, ROM, velocity requirements of the
dance work-day are currently unmeasured.

Style of dance

Certain dance styles may be more stressful to specific
body regions than others. Modern dancers studying

Graham or Cunningham techniques reported more
knee injuries (25%) and a greater number of low back
injuries in Horton technique (25%).36 Dancers attrib-
uted these injuries to overuse (31%) and faulty tech-
nique (29%). The authors speculated that the training
of the ‘contraction’ in Graham affords strong abdom-
inals that protect the low back; and the ‘hinge’ in
Horton technique trains strong thighs that protect the
knees. Confounding this analysis was that most
dancers were eclectic in their training and classes. In
contrast, a recent prospective study on a modern
dance company found patterns of injury to be similar
to those of ballet.3

Exposure

Exposure, quantified as number of weeks of employ-
ment and hours of work, may vary across dance com-
panies. Few American companies offer a full 52-week
contract (the average is 40–45 weeks/year),37 which
means dancers often spend time performing and
teaching in second and third jobs. Rehearsal periods
are generally comprised of 30 h/week of rehearsal
plus daily technique class (1.5 h/day). Performance
weeks may be comprised of technique class,
rehearsals, and up to 8 performances, in a 6-day week.

The seasonal patterns of rehearsal and perfor-
mance are particularly challenging in dance com-
pared to sports. Traditionally, athletes train cyclically,
systematically increasing their output during training
and practice, with the goal of peaking at competition.
Whether the competition goal is 3–4 marathons per
year or a season of basketball, sport-specific periodis-
ation has built in cycles to allow recovery. In contrast,
dance companies may have no ‘formal’ season.
Dancers maintain a year-round performance sched-
ule requiring a constant ‘peak’, that allows little time
for rest and recovery from minor injuries.

Solomon et al.6,38 reported that injuries at their bal-
let company were most prevalent in the first third of
the performance season, suggesting a problem of
transitioning from rehearsal to the more intense activ-
ity of performance. In contrast, other authors
reported injuries at their ballet company peaked at
mid-season4 or at the end of the season.39 At a mod-
ern dance organisation, the largest proportion of
injuries occurred during the rehearsal period.3

Frequent repetition of new and unaccustomed move-
ments during rehearsal of new choreography may
have contributed to the overuse injuries seen during
this period.

Compared to sports, the incidence of injury during
performance does not resemble the high incidence of
injury during games. Injury rates during game partic-
ipation are estimated to exceed four times the rate of
injury during practice.40 Practice in sports differs from
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dance rehearsal. During practice, athletes participate
in drills but do not play a full game. In contrast,
dancers are frequently asked to dance ‘full out’ during
rehearsal so that the choreographer can see the devel-
oping choreography.

Training errors

One thing the professional dancer has in common
with the dance student is attendance at daily tech-
nique classes. Similar technique errors to those found
in students may be found at the professional level,
with long-standing neuromuscular habits that are dif-
ficult to change. Frequently, specific repertory creates
imbalances that result in faulty alignment, or a
dancer may struggle with minor injuries that produce
compensatory patterns of poor placement.

Environmental conditions

Dancers may be called upon to dance in venues rang-
ing from the optimal sprung floor to grass or stone.
They may perform outdoors in Roman amphitheatres
where temperatures range from baking sun to
extremely cool.41 Dancing for long hours in high tem-
peratures, combined with insufficient hydration, puts
dancers at risk for hyperthermia. Floor surfaces may
change in consistency across the same stage due to
painted surfaces, inset tracks for movable sets, or,
when out-of doors, become unpredictably slick with
dew following a temperature drop.42 Sets may contain
multiple steps or chairs that provide unstable surfaces
for jumping.

Retrospective surveys of injuries in Broadway and
West End dancers found performing on a raked stage
(a stage sloped downward toward the audience) was a
significant extrinsic risk factor, representing 28–37%
of all injuries.43,44 Subsequently, US Actors Equity
(one of the largest unions representing actors and
dancers) recommended a maximum incline of no
more than three-quarters of one inch per foot.45 Most
concert dance stages in the US are not raked; but
many historic opera and ballet theatres throughout
Europe are raked.

Shoes and costumes

Many of the innovations in reducing sports injuries
are due to the use of new technology in designing pro-
tective equipment. These include breakaway bases in
softball,11 and helmets in cycling.46 Most of the time,
dancers are unable to utilise braces, padding, or other
protection because customary dance attire does not
permit it. Modern dancers are often barefoot.
Traditionally, ballet pointe shoes are made of satin,
leather, cardboard, and glue. Recently, some manu-
facturers have incorporated man-made materials into
the construction of pointe shoes. Several studies sug-

gest redesign can effectively redistribute the impact
pressures generated in landing from a jump or facili-
tate improved alignment in a pointe shoe.47 These dif-
ferences are not always convincing to dancers who
rate a shoe on fit, ‘feel’, and aesthetics.48 Dancers are
often reluctant to try new pointe shoe design because
a period of retraining and adjustment is required.

The traditional clothing worn in many ballets con-
sists of simple leotards and tights. This attire permits
minimal adaptive taping or bracing. In contrast, cos-
tumes may be extremely elaborate in Broadway, other
theatrical, or theme park productions. Women may be
required to dance in 4-inch heels; dancers may wear
heavy headpieces or masks. Dancing in heels puts the
ankle in a less stable posture. Heavy masks and head-
pieces may compromise the cervical spine. Recent
innovations in manmade materials afford the poten-
tial for light masks and props but are not always
utilised in costume design.

Intrinsic risk factors

Both the US National Occupational Research Agenda
(NORA) and sport epidemiologists have called for
WMSD studies, which examine intrinsic and extrinsic
variables separately and in combination.7,9 There is a
need to employ multifactorial modelling of the interac-
tion of intrinsic risk factors with work exposure. To
date, most models incorporate only one or two intrin-
sic risk factors.49,50 Only a few studies have examined
the relationship of single intrinsic risk factors to spe-
cific dance injuries.4,38,51 In sports and dance, key intrin-
sic risk factors include gender, age, history of injury,
joint laxity-flexibility, strength, and aerobic condition-
ing (Fig. 1).

Gender

There are extensive reports in the sports and dance
medicine literature concerning the female athlete
triad (disordered eating, dys/amenorrhea, and
osteopenia/porosis).52–59 Excessive training with con-
current dietary restriction and low body mass index
(BMI) can be associated with reduced bone mineral
density, delayed menarche, subsequent menstrual dys-
function, and increased risk of stress fractures.52–59

The ballet aesthetic of the female sylph makes the
ballerina particularly vulnerable to the female triad.
In one study of female ballet dancers, 69% had nutri-
tional intake less than 70% of the recommended daily
allowance.60 The incidence of anorexia among ballet
dancers ranges between 3.5–7.6%, using the DSM
definition of anorexia as body weight 15% below the
norm.61 Dancers with lower BMI spent more days
with low-grade injuries than dancers with higher BMI
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(closer to norms).61 Of dancers with stress fractures,
80% had weights less than 75% of ideal.52 Dancers
who have been amenorrheic for more than 6 months
have an estimated risk for stress fracture that is 93
times that of dancers with normal menstrual func-
tion.54 The most common patterns of stress fractures
are metatarsal (63%), tibial (22%), and vertebral (7%)
fractures.54 Over a 5-year period at the Boston Ballet,
stress fractures comprised 8% of the injuries.6

Female dancers demonstrate increased incidence of
scoliosis.52,54,55,59,62–64 Using visual inspection,
Hamilton et al.34 reported 50% of female and 27% of
male professional dancers had scoliotic curves, com-
pared to 2–4% in the general population. Liederbach
et al.,65 using a more stringent criterion of 7° or more
with correction for leg length discrepancy, found an
incidence of 8% of scoliosis in dancers. The anatomi-
cal, hormonal, and neuromuscular differences of
female athletes also make them 2–8 times more sus-
ceptible to sustain knee or ankle injuries.66–68

Surveys of injuries in Broadway and West End the-
atrical dancers found that female dancers were more
likely to sustain injury, although gender differences in
costuming (e.g. high-heels) and dance roles may con-
tribute to these findings.43,44 Other studies found no
differences between genders in frequency of injuries.5,6

There were differences, however, in type and location
of injury. Women sustained more overuse foot injuries
and men more traumatic injuries, injuries to the
shoulder, and required more surgeries.5,6

Age

The information regarding the interaction of age with
injury is conflicting. Several sports and dance reports
suggest that older age is a risk factor for injury.44,69–72

In contrast, other dance companies report younger
dancers, with less professional experience, accounted
for the greatest incidence of injury as well as the great-
est number of injuries per dancer.3,38 These findings
suggest that younger dancers may require some sort
of transitional program to assist them in managing
the new stresses of professional dance.

Previous injury

Sports medicine research has demonstrated that his-
tory of ankle injury is a strong predictor for subse-
quent ankle injuries.73–75 Basketball players with a
history of ankle injury were almost 5 times more
likely to sustain another ankle injury.75 Similarly,
dancers who sustain one injury during a season are
more likely to sustain another injury during the same
season.4,5,38,43 West End theatrical dancers with a his-
tory of previous injury were at 5 times the risk for
subsequent injury compared to uninjured dancers.43

Certain injured ballet dancers were found to be par-

ticularly vulnerable, averaging 5–7 injuries each com-
pared to 1–2 injuries each in the other dancers.4,38

Joint laxity and flexibility

The terms joint laxity and flexibility are used some-
what loosely in the literature. Joint laxity is associated
with increased joint play (involving non-contractile
tissues such as capsule and ligaments which cross the
joint). Flexibility refers to the length of both contrac-
tile and non-contractile tissues that cross the joint. An
individual is considered to have hypermobility if joint
laxity is demonstrated according to established crite-
ria such as that of Beighton and co-workers.76 Using
the Beighton criteria, most researchers have found
dancers and gymnasts were more lax than controls.
However, their scores were not high enough to indi-
cate hypermobility.33,34,77,78 Injuries were more com-
mon in the most mobile group.78 Most dancers with
hypermobility do not have connective tissue disor-
ders, such as Marfan’s or Ehler’s-Danlos syndrome.
They are categorised as having benign hypermobility
or hypermobility syndrome.79

Several studies have shown an increased prevalence
of arthrosis in the knees, ankles, and first metatarsal-
phalangeal (MTP) joints of former professional
dancers compared to age-matched non-dancers, but
no association with hypermobility.80,81 A number of
researchers also reported that dancers demonstrated
increased hip external rotation at the expense of inter-
nal rotation, hip abduction at the expense of adduc-
tion, hip flexion, ankle plantarflexion with a loss of
dorsiflexion, subtalar inversion and eversion, and
MTP dorsiflexion compared to age-matched non-
dancers.34,80–82 Dancers displayed straighter standing
postures due a loss of thoracic kyphosis, lumbar lor-
dosis, and pelvic tilt, and greater thoracolumbar
excursion.83 These spinal changes were not associated
with more episodes of back pain compared to con-
trols. Flexibility may be part of the selection process
of success as a dancer, however, increases in hip exter-
nal rotation and abduction are seen with greater
dance training suggesting some of their flexibility is
adaptive.82,84

Strength

Several studies describe ‘strength’ ratios (isokinetic
torque) in dancers;34,85–87 however, they lack sufficient
numbers and agreement to establish strength ‘norms’
within the dance population. One study reported
higher ankle dorsiflexion and plantarflexion strength
but unaltered ratios in both male and female ballet
professionals compared to norms of other athletes.34

Others reported decreased dorsiflexion strength and
altered dorsi/plantarflexion ratios, which they sug-
gested predisposes dancers to injury.86 Researchers
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reported normal quadriceps/hamstrings ratios in
dancers, but weaker quadriceps (–16%) and ham-
strings (–18%) in male dancers compared to other
male athletes.34,88,89 Hamilton and colleagues found a
marked imbalance between hip abduction (+20%)
and adduction (–25%) strength resulting in reversal of
the normal ratio in both male and female ballet
dancers.34 What remains unclear is whether these
changes are a result of specific adaptation to the
demands of dance or are risk factors for injury.

Aerobic conditioning

The Compendium of Physical Activities, a coding
scheme that classifies physical activity by rate of
energy expenditure, lists metabolic equivalent (MET)
intensity levels of 0.9 (sleeping) to 18 (running).90

Ballet and modern dance are 4.8 MET, considered
moderate intensity activities.90 In actuality, energy
requirements of ballet or modern exercise vary
throughout a technique class.91–93 MET levels of 5.25
and 4.86 in males and females, respectively, during
barre exercises compared to 7.52 and 5.73 during cen-
tre floor exercises have been reported.91

The general consensus is that the static components
of modern and ballet exercise with the intermittent
burst of sprint-like activity of centre and across the
floor dancing stimulates only modest aerobic capac-
ity. This produces VO2max values within the range of
non-endurance athletes.89,91,92,94–97 A recent study of
university and professional dancers found physiologi-
cal responses to modern dance class appear to mimic
those of classical ballet class.93 There were significant
differences between modern dance class and perfor-

mance in VO2, heart rate, and work. The authors con-
cluded that class does not physiologically provide suffi-
cient cardiorespiratory stress to prepare dancers for
performance.

A search revealed no studies examining the relation-
ship between aerobic fitness and incidence of dance
injury. A recent study analysed injury factors from
dance injury reports and reported that fatigue factored
as the most common variable cited by dancers.98 It
appears that dance training alone is inadequate to pre-
pare dancers for the aerobic demands of performance.

MANAGEMENT OF OCCUPATIONAL
INJURIES

NIOSH has called for research evaluating the impact
of various forms of intervention on WMSD.7 Areas of
intervention include:

� Injury surveillance
� Screening programmes
� Comprehensive (case) management
� Early medical intervention using 3-levels of 

prevention strategies
� Adoption of useful outcome measures.

Injury surveillance

An important development in both occupational and
sports medicine research was the creation of surveil-
lance systems to document incidence, magnitude, and
patterns of injury; thus identifying high-risk groups
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Table 1. Dance injury surveillance system

Demographics
Year (of data collection) # years of dance training
Name # years professional
Company # years in company
Gender Company status (principal, soloist, etc.)
Age

Injury report
Date of injury Choreography (name of piece, style)
Diagnosis Venue (in/outdoors, raked/non-raked stage)
Body part # performance days missed
Trauma/over-use # work days missed
Severity of injury (minor < 1 week, moderate 1–4 weeks, severe > 4 weeks) Workers compensation case (yes/no)
Mechanism of injury (lift, fall, slip, jump, collision, etc.) Medical expenses
Activity (rehearsal, performance, class, other) Disability expenses

Annual exposure report
Year (of collection) # performance weeks
# dancers # touring weeks
# contract weeks # performances
# rehearsal weeks # hours dance / week

Note: exposure may change depending on status in company (principal, soloist, etc.).



and generating hypotheses of injury risk factors. One
of the strengths in both sports and dance medicine
research is the description of patterns of injury.
However, lack of standardised and clearly defined ter-
minology has complicated comparison of injury rates
within sports and dance medicine literature.
Currently, there is no widely accepted definition of
what constitutes an injury. The US National Athletic
Injury Registration System defined reportable injury
as limiting participation for at least 1 day following
the injury.12 A time-loss definition of injury may
underestimate injuries in organisations with low fre-
quency of training and games and under-report
minor injuries that do not require lost time. A defini-
tion of injury that includes time-loss and medical cri-
teria is similar to that of the US Occupational Safety
and Health Administration (OSHA).99 The OSHA
definition of recordable occupational injury includes:
injury that results in restriction of work, lost time, or
requires medical treatment beyond first aid.99

Other criteria include description of the popula-
tion, exposure, and injury severity, type, and
anatomic region (Table 1). Without a universally
accepted methodology, injury rates may be artificially
inflated or deflated, depending on the bias.
Descriptive studies that report on injuries seen within
one regional hospital or clinic may deflate the true
prevalence, as they cannot define the complete popu-
lation at risk. Who reports the injury (dancer or med-
ical personnel) and when the injury is reported
(retrospective or prospective report) affect the calcu-
lation of injury incidence. At one dance academy,
dancers’ self-report of injury was twice the rate
recorded by a physical therapist.100 Retrospective
questionnaires were shown to deflate the true inci-
dence compared to prospective weekly surveillance
systems in athletes.101 Less than one-third of moderate
and 10% of minor injuries were remembered retro-
spectively in a comparison of data collection meth-
ods. The definitions of severity and type of injury are
also important in any discussion of injury patterns.
Several time-based definitions of severity exist includ-
ing: minor (less than 1 week), moderate (1–4 weeks),
and severe (more than 4 weeks).101 Definition of
injury type, overuse or traumatic, and anatomic
region permits analysis of patterns of injury.

Reporting exposure to the activity is an important
way to relate injury to time on task. To allow compar-
ison of injury rates between populations, exposure
measures are incorporated into incidence calcula-
tions. In sports, this is defined as the number of
injuries per 1000 h of sports participation.12 Using
this definition, annual injuries at a modern dance
organisation ranged from 0.57 (pre-intervention pro-
gramme) to 0.18 (post-intervention programme)

injuries per 1000 dance hours.3 The Swedish Ballet
reported a mean of 0.62 injuries per 1000 dance hours
over a 5-year period.5 In comparison, injury rates in
sports ranged from 1.4 injuries per 1000 training
hours in figure skaters,102 to 6.2–7.3 per 1000 exposure
hours in male soccer players.101,103 Dance injuries have
not traditionally been reported by exposure, but com-
parison of these two groups of dancers with athletes
per 1000 exposure hours suggests that dancers experi-
ence a lower incidence of injuries. However, it is diffi-
cult to make meaningful comparisons among studies
because of lack of standardised definitions of injury
and differences in participation rates.

In any surveillance system, it is also important to
include contextual information about the injury,
including venue (in or outdoors, raked or non-raked
stage), choreography, and activity (class, rehearsal, or
performance). This information helps to explain the
relationship of exposure and type of workload to
injury. Implementation of standards of definition and
reporting will permit comparison of one dance popu-
lation to another, or dance to various sports or occu-
pational injuries.

Screening programmes

The primary instrument for identification and subse-
quent correlation of intrinsic risk factors with muscu-
loskeletal injury is the pre-season or pre-employment
screening. Through the development of large data-
bases, sports medicine researchers have developed
sport-specific normative profiles for healthy profes-
sional, college, and other age athletes. It is by correlat-
ing screening results with injury patterns that
hypotheses on intrinsic risk factors for injury are
developed and theories are tested through interven-
tion. Preventative measures can then be initiated to
decrease the risk factors.

Screenings of pre-professional dancers, at the
School of American Ballet and the Boston Ballet,
found decreases in lower extremity range of motion
(ROM) and flexibility, and strength of core trunk and
thigh muscles.104,105 The effectiveness of corrective rec-
ommendations and exercises given to the students at
the Boston Ballet was assessed at follow-up. At least
60% of the students demonstrated improvements in
each of these measures, supporting the usefulness of
the screening process.

Dance screens provide healthy baseline data,
uncover pathology, and help define population char-
acteristics at a given level of performance. To date,
screens have been used primarily in professional and
student dance populations to develop a dance profile
comparison to the non-dance population. If a dancer
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lies outside dance ‘norms’, practitioners make recom-
mendations to bring their results more in line with
those of the group. While there is no question about
the value of such information, dance medicine must
aim to move beyond descriptive report of screening
results to an understanding of the risk factors for
injury and, ultimately, injury prevention.

Comprehensive management programmes

At the professional level, sports teams assemble a
medical team of orthopaedists, athletic trainers, and
coaches to assure timely triage, and implementation
of preventative and rehabilitative programmes to
assure the optimal fitness of the athlete. In industry,
comprehensive safety and managed care occupational
initiatives have demonstrated both health and finan-
cial cost-effectiveness. A large self-insured medical
centre utilised proactive safety and ergonomic pro-
grammes to abate workplace hazards.106 This pro-
gramme achieved a 50% reduction in medical
expenditures, 62% decrease in compensation for tem-
porary total disability, and 38% decrease in perma-
nent partial disability. Similar plans reported
reductions in days lost per incident, savings in med-
ical and indemnity losses per new event, and reduc-
tions in total claim costs.107,108 Use of musculoskeletal
specialists was compared to a discounted managed-
care system in a 2-year concurrent effectiveness
study.109 Despite the higher fees paid to specialists,
claim costs were 63% lower, and costs were 45% less
in the specialist programme.

Traditionally, most dance companies rely on the
WC system of treatment following injury. There are
no preventative measures implemented to emphasise
wellness. Several exceptions, however, do exist. A
modern dance and several ballet companies estab-
lished in-house medical and therapy services.2,3,6 The
addition of case management and intervention ser-
vices at one ballet company decreased annual injuries
from 94% to 75%, with a savings in excess of $1.2 mil-
lion over a 5-year period.6 The in-house comprehen-
sive management of WMSD in a modern dance
company achieved a 64% reduction of new WC cases
and time-loss savings of 60% in 3 years.3

In summary, comprehensive initiatives utilising pre-
ferred providers to prevent, manage, and treat
WMSD appear effective, both in industry and in
dance organisations. They reduce time loss and
decrease WC claim costs. Regardless, occupational
health programmes are perceived as luxury and exist
in only 2% of businesses with less than 100 employ-
ees,110 and are non-existent in the majority of dance
companies.

Prevention–intervention strategies

Three levels of prevention–intervention strategies are
employed in the comprehensive management pro-
grammes established by dance organisations (Fig. 1) –
primary, secondary, and tertiary strategies. Primary
prevention, associated with minimising exposure to
workplace hazards that cause injury,111 includes sur-
veillance of exposures and injuries, screening of
dancers to identify intrinsic risk factors, and dancer
education on proper warm up, errors in dance train-
ing and alignment, use of protective equipment and
footwear, and cross training. Secondary prevention,
defined as the early detection of injury with interven-
tions to reverse, prevent, or slow progression,112

includes immediate triage to ascertain timely inter-
vention or referral, modification of or removal from
specific work roles, and physical therapy to minimise
musculoskeletal complaints. Tertiary prevention,
which seeks to minimise the effects of injury on the
individual through education, rehabilitation, and
accommodation,112 includes physical therapy rehabili-
tation services, modified work-duty to promote inte-
gration of the injured dancer into the workplace, and
accommodation to minimise specific risks.

In primary prevention, dancers are taught to avoid
the extremes of joint motion, where they lack muscle
strength to support and protect. For instance, when
the dance screen identifies a dancer with increased
joint mobility such as genu recurvatum greater than
10°, joint protection and modifications to dance tech-
nique are recommended. These dancers are advised to
keep their knee at 0° extension and not ‘lock out’ dur-
ing weight-bearing to prevent further stretching to the
posterior capsule. When standing in first position,
their heels and thighs should touch. Dancers may
complain that their knees no longer ‘feel’ straight;
however, this modification can provide substantial
relief to the knees over time. For dancers with hip dys-
plasia, dancers are taught to avoid the extremes of
joint motion in non-weight-bearing as well. The
amount of modification required to better control a
developpé (high leg extension) is minimal to the
observer and audience. Other areas of primary pre-
vention include the judicious use of protective equip-
ment during the rehearsal period of new
choreography when stressful movements are per-
formed repeatedly (for example, kneepads for
repeated crawling). On-site physical therapists can
quickly assess overuse trends during this period and
employ countermeasures to protect the body. This
includes use of kneepads, dance sneakers, and felt to
pad bone bruises and other foot irritations.

More effective management of overuse problems
before they require time loss and tertiary prevention
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strategies prevent over-use of medical services.3

Restricted duty days allow the dancer to observe
rehearsals or participate earlier in a protected man-
ner. These programmes successfully introduced pre-
ventative cross training such as aerobic conditioning,
reducing muscular imbalances, and addressing tech-
nique problems. Implementation of cross training
programmes with increased use of preventative physi-
cal therapy was reflected in the decreased incidence of
new WC cases due to overuse.

Outcome measurement of health and functional status

Previous comprehensive managed care initiatives
focused on financial and time-loss outcomes. While
these measures are important to organisations, it also
important to measure outcomes at the individual
worker level. Adequate measurement of the recovery
of an individual following injury requires objective
assessment of functional status and general health. To
be objective, a functional outcome measure should
accurately reflect long-term changes in functional
level, not merely short-term improvement as a result
of clinical or surgical intervention.113

Orthopaedic, sports, and dance measures

The development of orthopaedic and sports joint-
specific outcome measures in response to changes in
health care in the 1980s and 1990s was invaluable in
the evaluation of treatment efficacy. Measures include
self-report questionnaires and performance-based
tests. While orthopaedic functional outcome mea-
sures attempt to be independent of diagnosis and
activity level, the majority are oriented to ADL of the
non-athlete, with obvious ceiling effects when applied
to the athlete.

Many validated rating scales exist for evaluating
joint injury and the outcome of treatment including
those developed for the spine,114 hip,113 and ankle.115

These scales, while appropriate for individuals with
similar injuries, are not sufficient to evaluate special
populations (athletes or dancers) with high perfor-
mance demands and a variety of diagnoses.
Recognising these limitations, several outcome mea-
sures were developed for knee ligament injuries in
athletes. The Cincinnati Knee Rating System116

included questions about more challenging activities
such as running, jumping and twisting and addressed
exposure and intensity of sports participation. The
Tegner and Lysholm scale also rated sports intensity
but did not include dance among the activities.117

The Dance Functional Outcome System (DFOS)
was developed to fill a gap in evaluating performance
and function of modern and ballet dance populations

following lower extremity injury.16 The DFOS con-
sists of two components: (i) a self-administered ques-
tionnaire with ADL and dance-specific questions;
and (ii) a quantitative performance measure. The
DFOS has been examined for content validity, relia-
bility, and sensitivity in adult modern and ballet
dancers.16 Preliminary analysis of the DFOS suggests
that this instrument is responsive to musculoskeletal
injury and recovery in this dance population.

General health measures

The use of general health measures in tandem with
domain or disease-specific functional measures has
been recommended to achieve greater specificity and
sensitivity for the context under study.118–120 A com-
prehensive assessment of health includes measures of
physical, mental, and social functioning, as well as
general health perceptions.118 Generic measures pro-
vide a yardstick of comparison across disease, age,
and treatment in the general population.

The Short Form-36 (SF-36) has been demonstrated
to be reliable and valid across age, language, ethnicity,
and disease.118,119,121 The SF-36 is relatively context-
specific and demonstrates responsiveness to changes
in health in workers with musculoskeletal disorders.119

It is composed of 36 multiple choice questions, cover-
ing eight quality of life areas within the physical and
emotional domains to describe well-being. Health
concepts within the physical domain include physical
functioning, role-physical (ADL and work), bodily
pain, and general health. Health concepts within the
emotional domain include vitality, social functioning,
role-emotional, and mental health. Questionnaire
scores are transformed into standardised z-scores,
producing summary scores for each of the eight
health concept areas as well as physical and mental
component summary scores.

Recently, SF-36 was examined prospectively in 50
professional dancers, some of whom went on to sus-
tain lower extremity injury.16 There were significant
differences between healthy and injured groups fol-
lowing injury in the SF-36 Physical Summary score,
and three out of four Physical component scores, but
no difference in the Mental Health Summary score,
suggesting the SF-36 is also responsive to change in
dancers’ physical status.16

CONCLUSIONS

Maintaining musculoskeletal health in dancers aspir-
ing to an aesthetic goal is challenging. The applica-
tion of a customised sports-occupational medicine
approach has successfully demonstrated the preven-
tion and reduction of WMSD in several dance organ-
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isations. A report issued by Dance UK called for
greater prevention efforts to optimise dancers’
health.122 Unfortunately, prevention of injury has
never received the same attention as treatment of
injury.4 Dance medicine researchers must continue to
reach out to work with dance educators to enact this
goal. We must go into their arena: the dance studio,
dance department, and theatre, to develop an on-
going dialogue with dancers, choreographers, artistic
directors, and dance educators to prevent and reduce
injury. We hope that this synthesis of occupational
and sports medicine concepts puts our past in per-
spective and assists in focusing and prioritising a
road-map for the future.
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