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Have been at this for a minuteé.
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10 Evidence-Based Changes That Have Helped é.

1. Training Patterns

2. Nutrition

3. Cadence

4. Strength Training (Age-related sarcopenia)

5. Social Networking (Motivation)

6. Intensity Training

7. Recovery Matters

8. Electrolytes

9. Shoe Wear

10.Just Showing Up (Goals)
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Training Patterns

1999 ï Run, run, play soccer, run, run

2024 ï Training patterns are a major determinant of running related 

injury

What role do training programs have in the development of RRI?
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What injuries do we see in Adult Runners?

Kakouris et al. J Sport Health Sci. 2021.



Kakouris et al. J Sport Health Sci. 2021.
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History of NYC Marathon + HSS

NYC Marathon

NYRR founded in 1958

First race 1970 in Central Park with 55 finishers

Largest marathon in world with >53,000 finishers

HSS Partnership

Began in 2009

Educational programming

HSS Recovery Zone

Research
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Background

-Marathon finishers

in the United States

-Existing research on marathon 

running-related injuries

ÁPrimarily based on race day 
medical events 

ÁFew prospective studies of injuries 
in runners training for a marathon

0

100,000

200,000

300,000

400,000

500,000

600,000

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

)

Source: Running USA (2016)



Background

ÁTCS New York City Marathon

ÁLargest marathon in the world

Á52,813 finishers in 2018



2019 Marathon Study



2019 Marathon Study
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Purpose
Evaluate the association between training patterns and injury/illness in runners 
training for the marathon

Methods
Recruited runners of all experience levels

 Age Ó18 years, no current injury

Pre-race surveys every 4 weeks starting 16 weeks before

Post-race survey

Received training data from Strava at end of study



2019 Marathon Study
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Results
1090 participated

49% female

Mean age 42

Marathon completion
907 started the race

 99% completed the race

Average finishing time

 4 hours 27 minutes

Strava data
57,546 training runs logged



2019 Marathon Study
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2019 Marathon Study
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2019 Marathon Study
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Lesson 1

Training ramp up volume makes a BIG difference. Most training 

programs are too aggressive. What works for me (or coaches) 

wonôt always work for our patients.
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7. Pain Management
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9. Shoe Wear

10.Just Showing Up (Goals)
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Nutrition

1999 ï Eat all things, any time of night or day, anytime/anywhere

2024 ï Eat all things, less processed foods, less sugar before bed 

(sleep). More proteinaceous diet and still plenty of carbs with training 

Confidential & Proprietary 19



Carbohydrates Reduce Muscle Injury

Subjects: Twenty-four male runners were randomly assigned to two groups

Á Carbohydrate group: Maltodextrin solution 

Á Control group: Standard hydration

Training Program:

Á Days 1-8: Overload training program 

Á Day 9: High-intensity intermittent running protocol (10 Ĭ 800 m) 

Findings:

Á LDH levels remained constant in the Carbohydrate Group and increased in the Control Group

Á Free plasma DNA (marker of cell damage) was lower in the Carbohydrate Group

Á Leukocyte counts were lower in the Carbohydrate Group 

Á Cortisol levels were correlated with free plasma DNA, leukocytes, and LDH 

Á TAKEAWAY: Use of a carbohydrate beverage during intense training attenuated the acute post-exercise inflammation response and 

enhanced recovery

.

de Sousa et al. Eur J Appl Physiol. 2012.



Adding Protein reduces Muscle Injury and improves 
Performance

Subjects: Eighteen elite trail runners during a one-week training camp (13 sessions)

Fueling Intervention: 

ÁProtein + Carbs: PRE: Protein drink (0.3 g/kg) + POST: Protein-Carb drink post- (0.3 g/kg; 1 g/kg) 

ÁCarb Only: Time-matched carbohydrate drink only 

Testing: 4-km run-test was performed before and on the last day of the intervention.

Results:

ÁPro + Carbs improved performance in the 4-km run-test 

ÁGreater increase in creatine kinase in Carb only group 

ÁLactate dehydrogenase and cortisol increased during the week = No difference between groups

ÁReduction in perceived performance capacity was greater in Carb only group

Takeaway: Ingestion of whey protein before and after each exercise session improves performance and reduces markers of 
muscle damage during a strenuous training camp. 

Hansen et al. J Sport Nutr Exerc Metab. 2015.



ñRecent evidence suggests that protein 
intake closer to 1.2ɀ1.5 
g/ kgbodyweight/day, in combination with 
adequate exercise, is more beneficial in 
preventing age-related declines in muscle 
mass and strength, improving health 
ÓÔÁÔÕÓȱ

Protein Aids with Muscle Maintenance

22doi: 10.3390/nu13030743

https://doi.org/10.3390%2Fnu13030743


Lesson 2

Iôm all in for food! Iôm all in for eating all things! 

Iôm not 25. I need more protein in my diet.
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Cadence

Higher cadence = lessened GRF

Study:

15 Runners ï 7 controls, 8 increased cadence.

Baseline session run was completed at participantôs naturally preferred 

cadence and cadence session run was completed at a cadence 

targeted to be 10% greater than baseline

Cadence differences of 7.3% were observed between baseline and 

cadence sessions (p<0.001). A concurrent decrease in average peak 

force of 5.6% was demonstrated during the cadence run (p<0.05)

25
doi: 10.26603/001c.25166

https://doi.org/10.26603%2F001c.25166


Cadence Tricks

Counting foot strikes (160-180 double, 80-90 each side)

Metronome app, Spotify with 180 bpm

Running uphill on treadmill

Trial and error

26doi: 10.26603/001c.25166

https://doi.org/10.26603%2F001c.25166


Lesson 3

When I shorten my stride everything hurts less

Confidential & Proprietary 27
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Aging and Elite-Level Sports Performance

doi: 10.1113/jphysiol.2007.141879

https://doi.org/10.1113%2Fjphysiol.2007.141879


2017 Marathon Study
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Purpose
1) Evaluate the effect of strength program on injury rates

2) Determine risk factors for injuries

Methods
Recruited first-time marathon runners

 Age Ó18 years, no current injury

Randomized 1:1 to strength training or control groups

Pre-race biweekly surveys starting 12 weeks before

Post-race survey



2017 Marathon Study
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Results
720 participated / 675 (94%) completed the study

Marathon completion
  583 started

    579 (99%) completed

  Average finishing time

    4 hours 59 minutes

    Ñ 57 minutes



2017 Marathon Study
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Injury incidence



2017 Marathon Study
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Previously completed a half marathon Ą less likely to get injured 
 Multivariable OR 0.40, (0.22, 0.76), p=0.005

Averaging <4 training runs per week Ą less likely to get injure

 Compared to those who averaged Ó4 per week

 RR 1.36, (1.13-1.63), p=0.001

Distance of longest training run Ą inversely associated with race-day injury
 OR 0.87 (0.81, 0.94), p<0.001



Strength Training and Injury Risk

Willwacher et al. Sports Med. 2022.



Strength Training for Running

-Economy of movement

-Improved form with 

training, racing

-Reduction in joint loading 

force

-Plyometric based training 

= plyometric based activity

Fatouris et al, 2000, Vissing et al, 2008 



Need Stronger Muscles! 
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Lesson 4

Strong kinetic chain, plyometric focused, has been the biggest 

difference maker for keeping me on the road. 

Confidential & Proprietary 40
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Social Networking (Motivation)

Confidential & Proprietary 42



Beat Your Brother! 
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Exercise Contagion

1.1 Million social users ran over 255 

million miles over 5 year study period

If runner x ran 10 min more than usual, 

friends ran avg 3 mins more

If runner x ran faster, friends would pick 

up pace

Strongest effect in same gender

Aral. Nature, 2017



Lesson 5

Making and keeping a social network is a key to motivation.

Confidential & Proprietary 45
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Physiologic Capacity and Aging

doi: 10.1113/jphysiol.2007.141879

https://doi.org/10.1113%2Fjphysiol.2007.141879



