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Training Patterns

19991 Run, run, play soccer, run, run

2024 1 Training patterns are a major determinant of running related
Injury

What role do training programs have in the development of RRI?




What Injuries do we see

IN Adult Runners?

Location Prevalence Range (%)  Studies Incidence Range (%) Studies
proportion proportion
(n (%)) (n ("))
Knee 3019 {3 13} 11.6—480 9, 28, 31, 34, 44, 45, 47—-060 1036 {252} 14.3—-36.4 2. 21, 23—39
Ankle 1669 (13.3)  6.1-342 - oh Lo 752(19.0)  7.7-28.6 Lo
Lower leg 2524 (20.1y  7.8-350 G on LR ARELATE 655 (16.6) 0 5.1-38.8 oL
Foot/toes 1810 {144} 573490 B 28, 31, 34, 44, 45, 4760 535 {135} 7 9-36.1 20, 21, 23—39
Hip/groin 877 (7.0) 4.0-145 LA 446 (11.3) 3.5-184 R
48, 51, 53—55, 57—60
Th]gh Eﬁz {ﬁ‘l;l} ]5_32{] W28, 31, 34, 44, 45, 315 {'E{}} Eﬂ— 143 20, 21, 23—38
47—49, 51, 33—60
Lower back 434 (3.5) 22-11.5 S ATEeL 108 (2.7) 1.5-152 O aen
54, 55, SR—60 15, 36, 38
Other 468 (3.7) 2.6-478  onAh LS 108 (2.7) 2.1-19.0  “h s
33—3%, 60 32, 34, 36, 38

Kakouris et al. J Sport Health Sci. 2021.

Non-ultramarathoners

Hip/Groin
1: 446

I: Incidence proportion (N = 39935)
P: Prevalence proportion (N = 12563)




Diagnosis Prevalence =~ Range (%)  Studies Incidence = Range (%)  Studies
proportion proportion
(n (7)) (n (%))
Patellofemoral pain syndrome 1776 (16.7) 2.2-32.0  * %7 35(6.3) 1.5-102 V7%
Medial tibial stress syndrome 968 (9.1)  3.7-35.0 007 52 (9.4) 34-190 21-23, 39
Plantar fasciitis 838(7.9) 22-174  TUTC 0 34(6.1) 39-216 U7
Iliotibial band syndrome 836 (7.9) 22-17.4 U057 28 (5.1) 34157  20,22,23,39
Achilles tendinopathy 705 (6.6)  2.2—18.6 4447, 49-52 57 (10.3) 71-15.0 20-23, 39
Stress fracture/fracture 605 (5.7) 1.7-16.0 %" 22 (4.0) 0.5-9 1 20, 22, 23, 39
(tibia, fibula, fifth metatarsal,
navicular, and calcaneus)
Ankle sprain 603 (5.7) 0.8—27.4 W4T 495159 39 (5 ) 7 8-19.0 20—23
Quadriceps/hamstring 378 (3.6) 0.7—12.7 400 _ _ _
tendinopathy
Patella tendinopathy 305(2.9) 42-123 P 19 (3.4) 15-927  22,23,39
Meniscal mjury 181(1.7)  3.5-50 T 24(43)  05-91  F
Anterior knee pain 135 (1.3) 15.8 51 21 (3.8) 10.2 23
Gluteal strain/tendinopathy 123 (1.2) 1.3—3.5 43, 46 25 (4.5) 10-98 20, 22, 23
Tibialis posterior tendinopathy 114(1.1)  0.5-16.0 47 2 (0.4) 0.5-2.0 20, 23
Calf strain 104 (1.0)  1.3-22 R 23 (4.2) 2.0—4.7 2022 57
Quadriceps/hamstring strain 100 (0.9) 12-67 07 1934  31-78
Adductor strain 69 (0.6) 1.1=-2.2 45—47, 49 _ _ B

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




Backaround

-Marathon finishers
INn the United States

-EXxisting research on marathon
running-related Injuries

APrimarin based on race day
medical events

AFew prospective studies of injuries
IN runners training for a marathon

Source: Running USA (2016)
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Backaround

A TCS New York City Marathon

AlLargest marathon in the world
A 52,813 finishers in 2018

NEW YORK ROAD RUNMERS
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2019 Marathon Study ﬂ

Purpose
Evaluate the association between training patterns and injury/iliness in runners

training for the marathon

ACUTE CHRONIC
Methods p— ] AVZR%\?.Z | —
Recruited runners of all experience levels | * - s e  mfury riok.

Age 018 vyear s, nNo CUTT:
Pre-race surveys every 4 weeks starting 16 Weel
Post-race survey
Recelved training data from Strava at end of stuc:

- -
T T - =
e - L. - -
L - - s » - - o
. . e o
-
- - - .
— - - - -
8 T v a0l .
0 T | I
1 1.50
ST RAVA S
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2019 Marathon Study E

30.0

Results
1090 participated n

20.0
|

49% female n

Mean age 42 = ’\f \ | \[ ” Running-Relgtfe(:allTjuries (RRI)
Marathon completion f»fw AV M J\ J\/\ .

907 started the race
99% completed the race
Average finishing time
4 hours 27 minutes

20 40 60 80 100 120

Strava data
57,546 training runs logged = Major RRI  ~ Minor RRI = No RRI

Confidential & Proprietary 13




2019 Marathon Study

Table 2 Training patterns of runners without injury or iliness as collected by Strava

TO1 TQ2 TQ3 TQ4
Training quarter (n=594) (n=540) (n=495) (n=490)
Days per week running, median (IQR) 3.8 (3-4.8) 4 (3-5) 4 (3-5) 3.7 (347
Distance per week (miles), mean (5D) 27.6(13.9) 32.0 (14.7) 33.9(15.3)  29.7(14.2)
Longest run (miles), mean (5D) 14.2 (4.7) 17.2 (6.2) 22.2 (1.0) 18.5 (5.5)
MNo of weeks when exceeded "10% rule’, median (IQR) 2 (1-2) 1(1-2) 2 (1-2) 1(1-2)
No of days when ACWR =1.5, median (IQR) 0 (0-1) 0 (0-2) 0 (0-2) 0 (0-0)
No of days when ACWR =1.3, median (IQR) 1 (0-5) 3 (1-7) 2 (07} 0 (0-0)

ACWR, acute:chronic workload ratio; 10, training gquarters.

Confidential & Proprietary 14




2019 Marathon Study E

= No Injury/lliness
® |njury - Major
@ Injury - Minor
m |[Iness - Major
lliness - Minor
TO1 TQ2 TQ3 TOQA4

Confidential & Proprietary 15
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2019 Marathon Study

Table 7 Association of injuries during TQ4-TQ1 with demographics, running experience and training patterns

InjuryT MNo injuryt
(n=294) (n=441) Univariable OR (95%Cl) Multivariable OR (95% CI)
Age 41.1 (10.7) 41.0 (10.7) 1.00 (0.99 to 1.02) 1.01 (0.99 to0 1.02)
Sex
Female 131 (44.6%) 207 (46.9%) Reference Reference
Male 163 (55.4%) 234 (53.1%) 1.10(0.82 to 1.48) 1.11 (066 to 1.86)
Body mass index 23.7(3.5) 23.3 (2.9) 1.04 {(0.99 to 1.09) 1.02 (0.98 to 1.07)
Marathon finishing time goal (minutes) 2408 (47.4) 237.2(42.8) 1.00(1.00 to 1.01) 1.00 (1.00 to 1.00)
Running distance/week in the month before the study (miles) 30.7 (41.9) 30.8 (26.9) 1.00 (1.00 to 1.00) 1.00 (1.00 to 1.01)
Running days/week running in the month before the study 4 (3, 5) 4(3 5) 0.97 (0.88 to 1.08) 1.04 {0.94 t0 1.15)
Mo ot halt marathons completed 10 (4, 15) 10 (5, 19) (.98 (0.96 to 1.00) 0.99 (0.96 to 1.01)
No of marathons completed 25(1,7) 3(1,8) 0.97 (0.93 t0 1.01) 0.99 (0.94 to 1.04)
No of weeks per TQ when exceeded 10% rule 1(0, 2) 1(1, 2) 0.88 (0.76 to 1.02) 0.88 (0.76 to 1.02)
No of days per TQ when ACWR =1.5 00, 2) 0(0, 1) 1.06 (1.03 to 1.10)* 1.06 (1.02 to 1.10)*"



Lesson 1

Training ramp up volume makes a BIG difference. Most training
programs are too aggressive. What works for me (or coaches)
wonot always work for our patient s.

Confidential & Proprietary 17
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Nutrition

1999 1 Eat all things, any time of night or day, anytime/anywhere

2024 1 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
A Carbohydrate group: Maltodextrin solution

A Control group: Standard hydration

Training Program:
A Days 1-8: Overload training program BRINK MIX 320
CAF 100
A Day 9: High-intensity intermittent running protocol (10 I 800 m) -
Findings:
A LDH levels remained constant in the Carbohydrate Group and increased in the Control Group MAURTEN

vV

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

A Leu kocyte 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:

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

A carb Only: Time-matched carbohydrate drink only

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

Results:
A Pro + Carbs Improved performance in the 4-km run-test
A Greater increase in creatine kinase in Carb only group
A Lactate dehydrogenase and cortisol increased during the week = No difference between groups

A 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.




Protein Aids with Muscle Maintenance

Recent evidence suggests that protein
Intake closerto 1.Z1.5

g/ kgbodyweight/day, In combination with
adequate exercise, Is more beneficial In
preventing agerelated declines in muscle
mass and strength, improving health

Vd Pal 7 Pal ~ 7 —

OOAOOOO

doi: 10.3390/nu13030743 22



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

Lesson 2 E

al | Il n for food! | om al | Il n for eating al

m
| Om not 25. | need more protei n I n my diI et

Confidential & Proprietary 23
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Cadence E

Higher cadence = lessened GRF

Study:
15 Runners 1 7 controls, 8 increased cadence.

Baselli ne session run was compl eted at parti ci
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)

doi: 10.26603/001¢.25166

25



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

doi: 10.26603/001¢.25166 26



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

Lesson 3

When | shorten my stride everything hurts less

Confidential & Proprietary 27
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Aging and Elite-Level Sports Performance

100+ 600
\ ® Men
© - —o0— Women
S8 80- E
a) —
cg | E
8.5 = 400-
— C

% g 601 g 1
=i = 300-
£F | —e— 50m Men =
E 2 io) —0— 50m Women £
s 9 —a&— 1500m Men =
N —1— 1500m Women s 200 -

20 y T d L) b T Y T x T 4 T ~ T v 1 1001 . . ) : . . . . . y i .

20 30 40 S0 60 /0 8O 90 100 20 30 40 50 60 70 80 90 100
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doi: 10.1113/jphysiol.2007.141879



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

2017 Marathon Study

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

2) Determine risk factors for injuries

3 YouTube Scarch Q ) o A e

HOSPITAL o
FOR Strength Training

Methods 5 R
Recruited first-time marathon runners
Age O18 vyears, no current ..
Randomized 1:1 to strength training or control groups -~

Pre-race biweekly surveys starting 12 weeks before
Post-race survey




2017 Marathon Study

Results

/20 participated / 675 (94%) completed the study

Female
69%

25

35

Mean age 35.9

45
Age

95

Al

Marathon completion
583 started
579 (99%) completed
Average finishing time
4 hours 59 minutes
N57 minutes

IIIlI

65

Confidential & Proprietary 34




2017 Marathon Study E

Injury InCIder]Ce mom ;600

93.2% :
75% - O3 874%  geaw .

—+—Marathoners Still Training

50% : o
——Cumulative Major Injuries

—m Control

o | .___.__A___,___a——-Marathon Completion 87% 87%
s ™4 TAverage Finishing Time 5h2m  4h 59m
Maijor Injury 10% 9%

m Major Injury = unable to Minor Injury 4% o1%
continue training/racing ~ Ave. Pain During Race 3.1 3.4

Use of Medical Tent 2.3% 3.9%

Minor Injury = limited
training/racing

® No Injury

Confidential & Proprietary 35




2017 Marathon Study E

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

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

Compared to those who averaged 04 per
RR 1.36, (1.13-1.63), p=0.001

Distance of longest training run A Inversely associated with race-day Injury
OR 0.87 (0.81, 0.94), p<0.001

Confidential & Proprietary 36




Strength Training and Injury Risk

Patello Femoral Pain Syndrome \. Qliotibial Band Syndrome)

| Braking ground reaction force impulse

1 Contact time

1 Knee flexion angle at touchdown
1 Peak knee adduction angle
1 Peak knee internal rotation angle

* 1| Peak hip adduction angle

.—-( ; Tibial Stress Fracture )

1 Contralateral pelvic drop angle (1B Achilles
i Tendinopathy

T Peak hip abduction moment

1 Peak hip adduction angle

T Peak hip internal rotation angle

Medial Tibial Stress Syndrome

Plantar Fasciitis

1 Duration of rearfoot eversion angle ,
T Average and instantaneous

loading rate of vertical ground
t Peak rearfoot eversion angle 1 Ankle eversion range of motion reaction force

1 Contralateral pelvic drop angle

Strong Moderate | Inconsistent Conflicting

evidence evidence avidence evidence evidence

Willwacher et al. Sports Med. 2022.




Strength Training for Running

-Economy of movement

{mproved form with
training, racing

-Reduction In joint loading
force

-Plyometric based training
= plyometric based activity

Fatouriset al, 2000, Vissinget al, 2008
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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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Socilal Networking (Motivation)

Confidential & Proprietary 42




Beat Your Brother!

43




Q

Social influence coeff. ()

0.4
0.3
0.2
0.1
0
Friends,
v
Ego,

Distance (km)

Friendsr Fﬁends,

v v

Egot+1 Egot+2

Aral. Nature, 2017

0.4

Pace (km/min)

Friends, Friends, Friends,

\ v \

Egor Egot+1 Ego,+2




Lesson 5

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

Confidential & Proprietary 45
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Heart Rate & Lactate vs. Power (Watts)

Zone 1 Zone 2 Zone 3 Zone 4 one 5 Zone 6
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D n LL] C e 5 = ¥
L w1 @ Q O 7 O ©
O 5 S -
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110 4 i E < B
< <
100 | | | ‘ ‘ | | 0
100 125 4 150 175 power (watts) 200 225 250 275

Lactate

Courtesy of Polly DeMille, RN, CSCS




Physiologic Capacity and Aging E

Oxyvgen consumption and its determinants at maximal exercise in endurance exercise-trained men

Young men (28 years) Older men (60 years) Age-related change (%)

Oxyeen consumption (ml ke~ min=!) 68.2 49 4 28
Cardiac output (1 min™) 27.0 21.7 20
Stroke volume (ml beat™) 147 132 10
Heart rate (beats min™) 184 165 10
a-v 0, difference (ml (100 ml)™) 16.7 15.2 3

The data were compiled from four studies in which values for all of the variables were reported in groups of young and older groups

(Grimby et al. 1966; Hagherg et al. 1985; Rivera ef al. 1989; Ogawa et al. 1992).

doi: 10.1113/jphysiol.2007.141879



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




