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Warm up activity 
● Introduce yourself
● Which Borough are you from
● HOW MANY trains and buses did you ride today to 

get here?
● What is a hidden talent?
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My story 
● Earliest science or career exposure story! 
● Where did I go to school? 
● What do my credentials stand for? 
● What are my current roles
● What’s the best part of my job?
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•

About Me
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A week in my life
● What an average 

Week looks like 
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My office
“The room where it happened”
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Anatomy Lab
Circle of Willis
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Map of the 
nervous system
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What I would tell 
my younger / 16 
year old self
● Its ok to accumulate 

many interests :) 



My work
Please share a recent project or publication 
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What do you think is the most 
demanding Job in the US?

- Firefighters
- Brick masons
- Roofers
- Dancers
- Athletes
- Tree Trimmers
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Dance Ranked Most Physically Demanding Jobs in the US
● Analyzed data from US Department of Labor

● Analyzed level of 

○ Strength

○ Stamina

○ Flexibility

○ Coordination

● Joining dance in the top 20 were:

○ Iron and steel workers

○ Roofers

○ Firefighters

○ Construction workers

● Dancers scored an average of 97/100 for level of job physicality 

○ Dancers scored 100 out of 100 in the stamina, flexibility and coordination categories, 

○ Dancers scored 87.8 out of 100 for strength
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Who are dancers? - - 
● Athletes? 
● Artists?
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Are dancers athletes or artists?

• Dance is a balance between 
artistry and athleticism

• “Train like an athlete, perform 
like an artist”

• Dance practiced as both a 
vocation and recreational activity
– With unique demands of being both

• an aesthetic art form

• and a physically demanding sport

• With a high incidence of injury



Which is more mentally and physically 
demanding: ballet or football?
• The first study of its kind, published in the 

Journal of Sports Medicine in 1975, ranked 
the demands of ballet ahead of 60 other 
physical activities, including football. 

• Ballet, according to a 1975 study by 
Dr. James A. Nicholas in The Journal 
of Sports Medicine. The study, which 
examined 61 different activities, 
ranked ballet most physically and 
mentally demanding, followed by 
bullfighting and then football.
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The Problem: 
why so many injuries in dancers?
● Lifetime injury rate in dancers as high as 84%

● 65% of dance injuries are a result of chronic 
overuse

● 35% of dance injuries result from trauma

● 90% of injuries are the result of fatigue

● Alternatively, in college basketball: 

○ 2:1 trauma: overuse

●
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Where:
% Distribution of Injuries by Site

[Liederbach, et al 2007]



Why foot and ankle? 
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The solution? 
How can we prevent injuries in 
dancers?
● Identify risk factors in dancers

○ See if any are modifiable

● Intrinsic risk factors

● Extrinsic risk factors
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Performing Arts Medicine
• Training
• Types of settings
• Types of injuries

• Education and Prevention
• Clinical Treatment
• Research



Dance Medicine
• Three things distinguish dance from sports:

1. Goals and rewards
• Not motivated by trophies, medals

• Not motivated by strength, speed, time

2. Movement demands: 
• Extreme ROM in lower extremities, hips ankles, back

3. It’s training traditions
• Artistic not scientific

•
• The unique mechanisms of injury and impairments in 

dancers requires a specialized approach to prevention 
of injury and treatment of this dance population.
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How do these injuries happen?

Injuries result from a 
complex interplay 

between 

intrinsic and extrinsic 
variables

Intrinsic

Extrinsic

Injury

[Backx, Bol, Junge, Meeuwisse, MacMahon & Pugh, Murphy, van Mechelen]

🏱FATIGUE



Extrinsic Factors Associated with Dance Injury
– shoes, 

– floor, 

– set design, 

– lighting, 

– temperature, 

– technique type, 

– music tempo

– Time of day

– Environmental

– Overtraining, specificity of training

– Teacher, peer pressure

– School and home stressors



Intrinsic Factors Associated with Dance Injury
– Gender, sex, age, weight, height, 
– Personality type, 
– Prior injury history, 
– Anatomical constraints
– Faulty movement and posture
– Flexibility and hypermobility, 
– Ability to jump, point foot, turnout, developpé, etc.
– E pluribus unum: Variety of norms



Biopsychosocial Model for Healthy 
Dancing

Biological
-Injury/pain

-Illness/wellness
-Nutrition & digestion

-Sleep Psychological
-Stress

-Fear/worries/
anxiety

-Personality type
-Coping 

mechanisms

SocioCultural
-Relationships

-Culture/customs
-Company 
dynamics

-Travel 
requirements



One way to control injury is to Manage 
your body’s budget

• Stress
• Sleep
• Nutrition
• exercise



• Stress is not necessarily good or bad, but is on a continuum and 
should be managed. 

• Healthy stress is beneficial vs. too much stress leads to distress
• Optimal stress is sustainable

Stress: Good or Bad?



Power Pose: neutral pose, over a 
closed or contracted pose

Smile

How can you have better resilience?

– Facial expression can boost 
mood 

– Sends stress reducing 
chemicals to the brain to 
bring sense of mild euphoria.

– It’s contagious 
• stimulate mirror neuron cells

– when we see someone 
happy, we smile in return

• Enhances:
– neurological changes
– confidence
– endorphins



How are you feeling?
Emotional regulation: accepting a range of emotions



Gratitude meditation



My work
Jump Biomechanics in dancers and athletes
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The Problem

● Dancers do a variety 
of jumps

● What are the 
different forces of 
each jump?

● By knowing the forces 
we can learn how to: 

● progress jumps
● Rehabilitate dancers
● Improve performance

What are you studying Why is it important?
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Gaps
● We understand that dancers get 

injured when landing at high forces
● But we do not have information on 

jump landing forces
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Solution / Purpose 
● Measure a variety of jump forces 
● Rank order them in a range from lowest to highest
● Group them by forces of common tasks such as 

○ walking
○ Running
○ Hoping
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Methods
● Informed consent
● Biomechanics lab
● 28 reflective markers
● 8 cameras 
● Force Plate
● 35 types of jumps
● 3 trials each
● Measure Kinetics
● Measure kinematics
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Types of jumps we chose:
● Two feet landing
● One foot landing
● Horizontal across the floor
● Vertical jumps
● Landing off a step
● Focused on 1 variable to measure
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Results



42



43
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Closing the loop 

● We looked measured 1 
feature of a jump

● We can train dancers at 
low, moderate, and high 
impact jump forces

● Consider jumping 
earlier in 
rehabilitation

What is the impact of 
what you found

How does it change 
practice? 
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Activity

P A R T   0 3
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Lets apply our new knowledge in an activity
● Measure balance on one leg? 
● Why do we want to know this?
● Methods:

○ Consent from participant
○ Timers
○ Judges
○ Two conditions: 

● Record findings
● Explain your findings



My work
Stress Urinary Incontinence in Impact Athletes
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From the Ground Up: 
Managing Pelvic Floor Dysfunction 
in Athletes and Dancers
Understanding the prevalence, cause, and 
solution
Dr. Emily Sandow, DPT OCS

NYU Steinhardt

Hunter College - City College of New York





SUI or TMI?
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https://docs.google.com/file/d/1EITSMGHGkVMPT4kT-3JLLjPWkFJELdg-/preview


What is the pelvic floor?



Definitions: 
Stress Urinary Incontinence (SUI)

● Involuntary leaking of urine when performing a physical activity
● Hammock Hypothesis

● The pelvic floor is like a hammock supporting pelvic organs. 
● Need strong tissue below the bladder neck during increased 

intra-abdominal pressure
● Lack of contraction of the detrusor muscle that contains the bladder
● Results in urinary leakage
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Pressure Management vs Force Absorption



Anatomy: Connection between Breath and Pelvic Floor

How does the Pelvic Floor respond to 
breath

1. Every breath creates a wave-like 
movement 

2. With inhale, diaphragm moves down, 
increasing pressure in abdominal 
cavity and pelvic floor descends to 
balance the pressure

3. on exhale, the diaphragm moves up 
and pelvic floor contracts slightly to 
assist in releasing pressure

4. Disruptions: shallow chest breathing, 
excess tension, poor posture create 
imbalances
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Definitions: 
What is intraabdominal pressure and why does it matter?

● The amount of pressure in the abdominal cavity
● Changes in response to respiratory phase and abdominal wall 

resistance. 
○ Should maintain constant amount of pressure. 

● Want appropriate amount of stiffness in the abdominal cavity for the 
anticipated activity
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We can finally talk about incontinence
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Prevalence: 
Why should we think about Stress Urinary Incontinence in athletes? 

● Elderly and Child-bearing women: 4-35% (Luber 2004)

● Stress Urinary Incontinence affects 34% of nulliparous 

women between the ages of 18-60 (Nygaard 2005)

● General population: 7% of non-pregnant Women <39 years 

of age

● 1 in 3 women over age 40 report leaking associated with 

laughing, sneezing, coughing (Coyne 2009)

● Athletes: 13-80% of female impact athletes (Dias 2017; Teixeira 2018)

● Dancers: 35% 

○ Based on survey of 208 female professional dancers 
(Winder 2022)
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Prevalence: 
Why should we think about Stress Urinary Incontinence in athletes? 
● Impact athletes: 

○ Individuals who participate in sports 

involving repetitive or high-impact 

movements

● Causes increased pressure on the pelvic floor 

muscles 

● Higher prevalence in females

● Risk factors in high impact athletes: 

○ Exercise Overload: 

■ Strengthens, to a limit, then can weaken 

PFM

○ Fatigue of the PFM:

■ Female triathlons, ironman, distance 

runners

○ Force absorption: 

■ Impact activity: Gymnasts and trampoline 

athletes
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Cause: 
Stress urinary incontinence is unique in impact athletes
● A computational simulation 

of the female pelvic floor 
(Dias, 2017)

● General population 
■ Coughing: 1 peak 

increase intra-abdominal 
pressure (IAP)

● Female impact athletes
○ Jump landing
○ Two peaks of pressure

■ 1st peak contact 
with the floor

■ 2nd peak is delay 
of the bladder 
rebounding
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Treatment: 
History of Pelvic Floor Muscle Training 
(PFMT) 
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6,000 
years ago

Chinese medicine

Part of exercise programs in 
Chinese Taoism for over 6,000 
years (Chang, 1984)

Pelvic Floor exercises
Western Medicine described 
tensing and relaxing pelvic floor 
muscles to prevent and treat 
urinary and fecal incontinence 
(Morris 1936)

1936

1948

Dr. Arnold Kegel

Dr. Arnold Kegel, American GYN 
recommended PFM exercises with 
pressure biofeedback as treatment 
of SUI in females. (Kegel, 1948)

2017

International Standard

2017 PFMT became international standard 
as an exercise to improve pelvic floor 
muscle strength, endurance, power, 
relaxation. (Bø 2017)

2024

PFMT in female athletes: increases PFM 
strength and decreases urine leakage. 
Should be used to prevent and treat PFD 
in athletes. 

(Systematic review, 
Rodriguez-Longobardo, 2024)



Treatment: Beyond the Kegel 
When to do these exercises?

○

● Warm up: 
○ Dedicated Pelvic Floor Muscle Training before exercise 

○ (Cross 2023)

● Timing of contraction: 
○ Feed-Forward: Anticipate the task before impact 
○ The “Knack”: 

■ A counter-balance voluntary PFM contraction prior to landing
■ This method is knows a "bracing" yourself by squeezing up and 

holding your pelvic floor muscles before you cough, laugh, 
sneeze, or lift anything that would cause you to leak

(Kibler 2006, Dias 2017; DeLancey 1988; Bø 2001; Pontbriand-Drolet 2012; Bo 2004; 

Bø 2007; Miller 1998; Carrière 2006; Miller 1998; Dumoulin 2018 Cochrane Systematic 
Review)
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Take Aways: 
Managing Stress Urinary Incontinence in athletes

● Prevalence of Stress Urinary Incontinence 
○ Stress Urinary Incontinence is prevalent in dancers and impact athletes

● Cause of Stress Urinary Incontinence 
○ The mode of SUI is unique in impact athletes with two peak forces. 

● Treatments of Stress Urinary Incontinence: 
○ There are known biomechanical relationships between foot and PFM 
○ Beyond the Kegel: there are broad benefits of PFM training on SUI

With an established relationship between the foot and pelvic floor, controlling contact with the 
floor can be the most effective training for athletes with symptoms of stress induced incontinence.
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Posture





Posture





Question: How can we make dancers 
fitter, healthier, and less prone to 
injuries?



• Dr. Emily Sandow, DPT, OCS

QUESTIONS?


