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Have been at this for a minute….
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10 Evidence-Based Changes That Have Helped ….

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 – Run, run, play soccer, run, run

2024 – 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

▪ Primarily based on race day 
medical events 

▪ Few prospective studies of injuries 
in runners training for a marathon
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Background

▪ TCS New York City Marathon

▪ Largest marathon in the world

▪ 52,813 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 ≥18 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) 

won’t always work for our patients.
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Nutrition

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

2024 – 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

▪ Carbohydrate group: Maltodextrin solution 

▪ Control group: Standard hydration

Training Program:

▪ Days 1-8: Overload training program 

▪ Day 9: High-intensity intermittent running protocol (10 × 800 m) 

Findings:

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

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

▪ Leukocyte counts were lower in the Carbohydrate Group 

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

▪ 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: 

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

▪ Carb Only: Time-matched carbohydrate drink only 

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

Results:

▪ Pro + Carbs improved performance in the 4-km run-test 

▪ Greater increase in creatine kinase in Carb only group 

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

▪ Reduction 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.



“Recent evidence suggests that protein 
intake closer to 1.2–1.5 
g/kgbodyweight/day, in combination with 
adequate exercise, is more beneficial in 
preventing age-related declines in muscle 
mass and strength, improving health 
status”

Protein Aids with Muscle Maintenance

22doi: 10.3390/nu13030743

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


Lesson 2

I’m all in for food! I’m all in for eating all things! 

I’m not 25. I need more protein in my diet.
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Cadence

Higher cadence = lessened GRF

Study:

15 Runners – 7 controls, 8 increased cadence.

Baseline session run was completed at participant’s 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
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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 ≥18 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

    ± 57 minutes



2017 Marathon Study
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Injury incidence



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

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

 Compared to those who averaged ≥4 per week

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

Distance of longest training run → 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! 

39



Lesson 4

Strong kinetic chain, plyometric focused, has been the biggest 

difference maker for keeping me on the road. 
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Social Networking (Motivation)

Confidential & Proprietary 42



Beat Your Brother! 

43



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.
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Physiologic Capacity and Aging

doi: 10.1113/jphysiol.2007.141879

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






























Lesson 6

Intensity training is essential to maintain mitochondrial volume, 

exercise capacity, and to look at your performance and not feel 

like a donkey.
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Recovery Matters

Confidential & Proprietary 74

Recovery Slows with Aging Active Recovery Improves Muscle Recovery Time (Tai Chi)

doi: 10.1123/japa.16.1.97



RECOVERY: Cryotherapy =  Best Cold Therapy

Compared to Cold Water Immersion and CWT, Cryotherapy had:

▪ Greater improvement in pain

▪ Lower creatine kinase (muscle breakdown) 

▪ Lower C-reactive protein (marker of inflammation)

▪ More rapid improvement in vertical jump height

Qu et al. JATA, 2020.

>



Soft Tissue Massage Reduces Inflammation
Immediate post-exercise massage: 

1) Decreases inflammatory markers 

2) Up-regulates mitochondria production in the muscles.  

Options include:

▪ Compression Boots → Mobilizes lower extremity edema and improves blood flow

▪ Percussion Gun (Hypervolt, Theragun) 

▪ Foam Roller (no benefit of vibrating roller over standard foam roller)

▪ Sports massage which can specifically target focal sore or hot spots 

▪ No change in stiffness

▪ No change in post-exercise soreness

Kong et al. J Sports Sci Med. 2018.



Lesson 7

Recovery becomes increasingly important with age.
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Electrolytes
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EAH results from prolonged physical activity that 
results in a low level of sodium in the blood (< 135 
mEq/L)

Symptoms/Risks

• Weakness

• Dizziness

• Headache

• Nausea

• Vomiting

• Muscle cramps

• Confusion

• Seizures resulting in a coma

• Impaired coordination

Hyponatremia

80



Lesson 8

Electrolytes don’t matter until they do. Be prepared.

Confidential & Proprietary 81



10 Evidence-Based Changes That Have Helped ….

1. Training Patterns

2. Nutrition

3. Cadence

4. Strength Training (Age-related sarcopenia)

5. Social Networking (Motivation)

6. Intensity Training

7. Pain Management

8. Electrolytes

9. Shoe Wear

10.Just Showing Up (Goals)

82



1949 – The First Marathon Shoe



The history of running shoe technology

The first shoe specifically designed for 

running was developed by Spalding 

Company in 1852

▪ Made of kangaroo leather and had 6 spikes

In 1917, Keds made shoe with rubber 

soles and cloth upper called Plimsoll

▪ They were much more comfortable

▪ They were quieter hence the name sneakers

 In 1936, Adolf Dassler is credited with the 

modern running shoe

▪ His shoes were used by Olympians such a 

Jessie Owens

▪ He later founded Adidas in 1948



The modern Running shoes

In 1960s, the rubberized midsole was introduced 
by Bowerman and Knight

▪ Later formed Nike 1971

1970, removable spike were first introduced

1974, Nike introduced the Waffle shoe designed 
to have runner land of their heel

In 1975, Brooks incorporated Ethlyene vinyl 
acetate, an air-infused foam

1976 Brooks introduced Vantage to control 
pronation

1987 Nike created heel cushioning bubble 
technology

In 2005, Nike Free and Vibram FivFingers 
brought in the minimalist/barefoot running 
movement



Common Running Shoes Technology Terms

Upper – everything that sit on top of the 
sole

Outsole – layer of foam on the bottom of 
the shoe that makes contact with the 
surface

Midsole – layer of foam that connect the 
upper to the outsole

Heel to toe drop, the difference between 
the height of the heel box vs the toe box

▪ High toe drop >10mm

▪ Moderate 5-9mm

▪ Low <4mm



Where are we now

The main focus for the decade has been trying to create material that is more 
shock absorbing with more recoil that is lighter

In 2013, Adidas introduced their Boost technology which replaces EVA with a 
thermoplastic polyurethane midsole, made of thousands of energy returning 
capsules

▪ Most running shoe companies have developed shoes with a lighter, more responsive 

foam than EVA

Nike Vaporfly (2019) combines a carbon fiber plate with a new recoiling foam, 
PEBA with a thicker heel to create a spring loading effect “Supershoe”

▪ 4% more efficient in competitive marathon runners

▪ 50 g lighter than traditional competitors

▪ All the latest record breaking runs in the marathon



Running/Walking With Right Shoes?

Bad Feet Good Feet



Shoe Wear and Run Mechanics

There is increasing enthusiasm in the “cushioned shoe”

Does this affect GRF?

Does it reduce injury risk?

Hannigan J et al, AJSM, 2019

To compare the vertical ground-reaction force and ankle 

kinematics between maximal and traditional shoes before and 

after a 6-week acclimation period to the maximal shoe. 



Lesson 9

I never believed all the hype about running shoes. I just use what 

feels ok.
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No matter who you are

No matter where you are

Give yourself a goal

Best Goals:

- You have to work for it

- Little bit scary

- Motivational

- 6 months-1 year ahead

Just Showing Up (Goals)
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Lesson 10

Nobody gives a crap how fast you are. Nobody cares what 

exercise you do. Just get your a## out there, set goals, do your 

best, and have fun because if you move every day you’ll get more 

out of your life.
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