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1. Current Events



Eliud Kipchoge
May 2017: Oh So Close (Sort of)!
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2018 EK Sets “Real” Record: 2:01:39




13 October 2019
EK Goes 1:59:40 at INEOS159
(Breaking2 — 2.0)

01:59:40.¢



14 October 2019

Chicago ! WORLD
Marathon ___ 9 RECORD 2 -
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2. Where Did (My) Ideas About “2
hours” Come From?



Unlver3|ty of Arlzona

Plasma lactate accumulatlon and dlstance
'runnmg performance |

MEDICINE AND SCIENCE IN SPOHTS
- Vol. 11, No. 4, pp. 338-344, 1979

PETER A. FARRELL, JACK H. WILMORE,
EDWARD F. COYLE, JOHN E. BILLING, and

- DAVID L. COSTILL
Exercise and Sport Science Laboratory

The University of Arizona
Tucson, AZ 85721 .




LT vs Marathon Speed
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1991 The 2-Hour Marathon vs.
The Conventional Wisdom

JOYNER, MICHAEL J. Modeling: optimal marathon perfor-
mance on the basis of physiological factors. J. Appl. Physiol.
70(2): 683-687, 1991.—This paper examines current concepts
concerning “limiting”’ factors in human endurance perfor-

mance by modeling marathon running times on the basis of
various combinations of previously reported values of maximal
0, uptake (Vo, ,,), lactate threshold, and running economy in
elite distance runners. The current concept is that Vo, ,, sets
the upper limit for aerobic metabolism while the blood lactate

The fastest time predicted for this model is 1:57:58

tate threshold to determine the actual running speed at lactate
threshold, which is generally a speed similar to (or slightly
slower than) that sustained by individual runners in the mar-
athon. A variety of combinations of these variables from elite
runners results in estimated running times that are signifi-
cantly faster than the current world record (2:06:50). The fast-
est time for the marathon predicted by this model is 1:57:58 in a
hypothetical subject with a Vo, ., of 84 ml- kg™ - min~’, a lac-
tate threshold of 85% of Vo, ..., and exceptional running econ-

omy. This analysis suggests that substantial improvements in
marathon performance are “physiologically” possible or that
current concepts regarding limiting (actors in endurance run-
ning need additional refinement and empirical testing.

maximal oxygen uptake; lactale threshold; running economy;
human performance

W MAYO CLINIC



I Appl Physiol 118: 1321-1323, 2015; )
doi: 10.1 152 japplphysiol 00852 2014, Parspectives

VIEWPOINT

The two-hour marathon: What’s the equivalent for women? 2 15 25

Sandra K. Hunter,' Michael J. Joyner,” and Andrew M. Jones®

'Exercise Science Program, Depariment of Physical Therapy, Marquette University, Milwaukee, Wisconsin: *Department of
Anaesthesiology, Mayo Clinic, Rochester, Minnesota; and *Sport and Health Sciences, University of Exeter, Exeter, United
Kindgom

Conclusions

We provide evidence that the 2-h equivalent marathon time
for women was achieved by Paula Radcliffe in her 2003 WE.
Furthermore, comparison of records of elite men and women
marathoners indicates a lack of depth among lower-placed
women runners and a sex difference in the ethnic origin of the
best runners. Radcliffe’s WR may stand for many more years
until a woman, possibly an East African, who possesses supe-
nor running economy and high cntical velocity 1s afforded the
opportunity to compete.

Ul-\TW MAYO CLINIC




1991: The Known Unknowns

* A lot known about VO,max & lactate threshold
°* Not much known about running economy

* Fatigue is a complicated thing

° Limited data on true elites

°* Not much known about “genetics”

WM CCCCCCCCC



3. The Physiology



Physiology of Marathon
Performance

°* Most of the energy required comes from
“aerobic” sources

*\What are the determinants of
“performance” velocity?

Maximal Oxygen Uptake

Lactate Threshold

Running Economy (efficiency)



Maximal Oxygen Uptake

Pulmonary
diffusing
capacity

Cardiac
output

O, carrying
capacity

— Skeletal
muscles

Bassett and Howley MSSE 2000
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Treadmill speed (km/hr)
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Cardiac Output and MBF:
Very High in Athletes

VO, or CO (L/min)

B Muscle
B Other tissue

HR=200

HR=190

5130

4124

3118

27112

1106

0 .
Athletes

Control



Maximal Oxygen Uptake

*Very high values reported in 1930s
°*Only limited training needed

* High cardiac output/muscle blood flow
Stroke volume
Red cell mass

°* Twin studies
Standard training program = 5-50% increase
>(0.7 correlation between identical twins

@M CCCCCCCCC



Marathon Running is Mostly Aerobic
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Lactate Threshold: Individual Example

VO, (mL/kg/min)
40 45 50 55

60

6 | | |
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LT vs Marathon Speed
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Lactate

Glucose
Pyruvate

@ MAYO CLINIC



Running Economy

* How much speed can be generated
at a given VO,

° Highly variable up to 30%

°* Biomechanical factors/Stiffness
° Fiber Type?

* Unclear If trainable!



Running Economy
Speed / VO,

28 -
26 -
24 -
22 -

Running |

speed
(km s hr1) 187
16 -

14 -
12 -
10
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v Joyner 1991 (Plotted from Conley & Krahenbuhl)



Frank Shorter
Modest VO,max
Superb RE
Olympic Champion

W MAYO CLINIC



What Happens: Frank Shorter?

28 A
26 -
24 -
22 A

20

Running speed (km « hr?)

10
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18 -
16
14 -
12 ~

20 km/hr
Predicted = 2:07
Actual = 2:10

* VO, max = 70
ml/kg/min

° LT =85% of
VO, max

° I?erformance
VO, ~60
ml/kg/min
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What Happens: Best Ever?

28
26 -
24 -

22

18
16

12
10

Running speed (km « hr?)
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20 -

14 -

24 km/hr
Predicted = 1:45!

* VO, max = 85
ml/kg/min

° LT =85% of
VO, max

° I?erformance
VOZ ~72
ml/kg/min

35 40

45 50 55 60 65 70 /5 80 8

VO2 (mL « kglemin?)



It’s Genetic?



W MAYO CLINIC

2. When will NIH fund a study to search for
endurance genes In Kansas farm boys?

1




US Marathon Times:

Number of Sub 2:20 Marathon Performances by Year
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No Evidence of a Common DNA Variant
Profile Specific to World Class Endurance
Athletes Rankinen et al PLOSL 2016

No variants related to blood volume, stroke
volume or hemoglobin identified...

Thelr Support and actve partciparnon, thousands oI wWorld-class enaurance atnletes could be
enrolled in genomics studies aimed at understanding the fundamentals of inherited biological
traits that are necessary to pertform at the world class level. Such an eftort, particularly it it
relied on whole genome sequencing, would allow for the exploration of not only common poly-
morphisms but also rare variants and copy number variants and could be complemented by
the investigation of epigenomic signatures in accessible tissues. In summary, we found that the
T allele in GALNTLG6 was less frequent in endurance athletes of all studies compared to ethnic-

ity-matched controls. However, we could not find evidence for a detailed genomic signature

that differentiates endurance athletes from controls.

U‘TW MAYO CLINIC
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Size Makes a Difference
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Run 4km to School
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4. Some History



ICS
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1908 London Olymp
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Marathon WR Progression
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Harvard Fatigue Lab:
Bruce Dill & Don Lash 1937
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World Record 2 Mile
8:58.4
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Robinson et al. Science. 1937; 85:409-410.



I\/Iore & Harder Tralnmg

NURMI ZATOPEK
9 gold medals 4 gold medals
1920-28 1948-52

@ MAYO CLINIC



More & Harder Training

Shrubb
UK ~1900

Nurmi
Finn ~1920

Zatopek
Czk ~1950

@M CCCCCCCCC

Frequency

3-5 x week
seasonal

1-2 x day
year round

2 X day
year round

Duration Intensity

<1 hour Steady

>lhour  Walk, Run,
Sprints

>2 hours Interval
training



Train A Whole Lot:
1964 Olympic 5000m &
The Runnlng Halku

3

g A
mdc‘*zl ; A

Run a lot of miles
Some faster than your race pace
Rest once in awhile =

b= ot
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More People Participating

Bikila
@M CCCCCCCCC




More People Participating
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Radcliffe
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Also....

°*More prize money

* Better races

°*Longer careers

°* Good runners move up sooner

W MAYO CLINIC



2010s: Stalking the 2-Hour Marathon

* OQutstanding 10K time?
°* Good running economy

* Small size
— thermoregulation
— fuel

* Life long ‘training”?
° Altitude native?
* Right field, day, race & prize money scheme?

(@) MAvO cLINIC Joyner, Ruiz, Lucia 2011



Minutes
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2011 Update:
Stalking the 2-Hour Marathon

.. (

Joyner, Ruiz, Lucia JAP 2011
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5. Technology & innovation (&
yuk — doping)
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2017 Nike: Why Wait?
2019 INEOS: Try Again!



What Did Nike (& INEOS) Do?

* Marginal gains * Scientists Matter
Course Brad Wilkins
Temp Brett Kirby
Feeding Andy Jones

Phil Skiba

* Manipulate Economy Rodger Kram
Drafting Wouter Hoogkamer
Pacing °* INEOS
Shoes Peter Vint

@ MAYO CLINIC
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J. Physiol. (1971), 213, pp. 256-276
With 9 text-figures
Printed in Great Britain

THE INFLUENCE OF
WIND RESISTANCE IN RUNNING AND WALKING AND THE
MECHANICAL EFFICIENCY OF WORK AGAINST
HORIZONTAL OR VERTICAL FORCES

By L. G. C. E. PUGH

4. In a 65 kg athlete running at 4-45 m/sec (marathon speed) ¥V, in-
creased from 3-0 1./min with minimal wind to 5:0 1./min at a wind ‘E’Elﬂﬂlt}"
of 18-5 mfsec. The corresponding values for a 75 kg subject walking at

1:25 m[sec were 0-8 l./min with minimal wind and 3-11./min at a wind
velocity of 18-5 m/sec.

5. Direct measurements of wind pressure on shapes of similar area to one
of the subjects yielded higher values than those predicted from the relation
of wind velocity and lifting work at equal O, intakes. Horizontal work
against wind was more efficient than vertical work against gravity.

6. The energy cost of overcoming air resistance in track running may be
7-59, of the total energy cost at middle distance speed and 139/, at sprint
speed. Running 1 m behind another runner virtually eliminated air resist-
ance and reduced Fﬂ.. by 6-59%, at middle distance speed.

U‘TW MAYO CLINIC
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From Sci American 1978 a better surface might be worth 2-3%

Fast Running Tracks

On a springy new indoor track at Harvard University runners can run

taster chan chey can on standard tracks. The design of the track was

arrived ac through a close analysis of the mechanics of human running

by Thomas A. McMahon and Peter R. Greene

No outdoor track of the optimum me
chanical design has yet been built. If -
such a track is built, we predict that the
world record for the mile could be im-
proved by as much as seven seconds.
The opportunity stands as a challenge.

The goal was to tune the stiffness
and recoll properties of the track

UlTW MAYO CLINIC
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The Track In The Shoes Trick?
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Shoes — The 1980s Prequel

9:15 a.m,
s COST WHILE ING IN AIR CUSHION TYPE St
LOWER O’,‘, LUC : 4N 1k AIR U : i\
I‘JL‘ C. Fr i >. T. Howley and S. K. Powers. Departments
of Phys Education and Zoology, University of Tenn
vi TN 37916

10X

subjected
compare the

oxygen cost of running in two types of shoe. Shoe type A was
constructed with a conventional EVA foam midsole. Shoe type B
was constructed with a special midsole consisting of a thick
plastic air cushion encapsulated in polymeric foam. After an
initial warmup period, each subject ran a set of three tests on
each of two days. The sequence of wearing shoes was staggered
to control ordering effects and to assure that each subject ran

a total of three tests in each shoe type. A test consisted of
a twelve minute treadmill run at a speed equivalent to the

average speed the individual would be ted to run in a OUR “EWA'R SHOE MAYBE Goon
marathon (range of si 215-2T3r There were
rest periods of five minu : t Centinuous samples FORABOUTTHREE MI“UTES.

of expired ir were co cted f n 10 and from 10 to 12 Maybe a couple more. It depends on which
g = o 5 R 3 2 i "."1 valies marathoner you talk to
minutes nea _ AE L - VO o ues Regardless, there are a number ot worla ciass
were convert m10<e/ kg/km ) athletes who are not only winning in our new Mariah,
3% % : 5 % g but turning in some impressive PR.’s to boot. From
- < "Te T8 é the 5K on up.
We're not promising anything. But you ought to
know that independent lab reports show the Nike
Air-Sole™in this racing flat saves runners energy.
Over 2 percent with every step, compared to con-
ventional shoes of similar weight.
That's like running with a 9 mile an hour wind
atyour back. Or on a slight downgrade.
Many claim the Mariah also gives them a
I quicker recovery time between races.
though : = 3 Could be. When runners take to our air, tests
ot ol adala; show they lessen damage to red blood cells, and
= 6L6. Og pri; X » E 11 .08 pr ) quite possibly muscles and connective tissue as well
this magnit " (et ' We've made some important changes with this
“N1s magni 1S phys:i new air shoe. The weight is down—under 7 ounces.

ct performance in long Theride is firmer. The air is tuned
i for high-speeds.
Mariah. Think of it as a
second wind

Beaverton, Oregor

MAYO CLINIC . .
qup R Kram via Twitter




Shoes — The 1990s Prequel

UNTIL 1999, NO ONE ELSE

CAN MAKE A SHOE THIS GOOD,

Etonic Quasar”
Patent #4346525. Pa[em_fx 4245408,
Plus another Patent Pending.

While other running shoe makers try to make
strides into the future, Etonic y arrived. \
the Etonic Quasar. A new generation of shoe that’s so

unique, it’s protected by the U.S. governmen
tarting from the bottom, the toni
¢ Dynamic Reaction™ Plate. A thin
fiberglass insert sand-
wiched within the
heel between the
EVA foam midsole

ng it all toget
is Etonic’s own Rear
Foot Lacing System, an
additional lacing
harness that stabili =
ar of the shoe and offers a customized self-
sting fit.
By 1999, when our patents expire, these features
and others we haven’t mentioned) may be
found on other companies’ shoes as well.
But it won't matter.
By then,

Getuptoa
$10.00 rebate!*

W MAYO CLINIC

R Kram via Twitter



Shoe Innovation Was Hiding In
Plain Sight......



2009 Talk at Nike
| Asked About “Slap” Skates

°* Hinged skate
° Permits better “push off” and glide

°|s there a parallel technology that could
be invented in shoes?

°“regulatory issues”



Clap (Klap, Slap) Skate

7

Hinge

Regular skate Clap skate




Bikes & Swimsuits:
Regulation?
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Average of Top 8 100m FS Times:
Olympics 1972-2016

—

Tech Suits 10 -

~ _| Regulation I




Should They Be Banned?

We’ve Had This Discussion Before!




Breaking2 & INEOS vs.
Bannister & Breaking4

° | get the yapping about it being contrived

°* Bannister in perspective
Refurbed track
2 WC pacers
Custom shoes
State of the art coaching
Physiology Expertise



J. Physiol. (1954) 125, 118-137

THE EFFECTS ON THE RESPIRATION AND PERFORMANCE
DURING EXERCISE OF ADDING OXYGEN
TO THE INSPIRED AIR

By R. G. BANNISTER anp D. J. C. CUNNINGHAM

From the Laboratory of Physiology, University of Oxford

(Recewved 22 December 1953)

U‘TW MAYO CLINIC
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Doping?
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B. 10,000m

INoH Jed sisjawoln

Kruse et al PIOS1 2014

U‘TW MAYO CLINIC
<




W MAYO CLINIC

6. Psychology



"The will to win Is not nearly so
Important as the will to prepare to win."

°Dally training for many years

* Willingness to accept feedback
*Resilience

* Suffering

°* Run 20x400m with 200m jog “recovery” —
* Come face to face with God.....



Relax & WiIn

Demand perfection of yourself and
you'll seldom attain it. Fear of
making a mistake is the biggest

single cause of making one. Relax -

pursue excellence, not perfection.

— Lloyd (Budt) (Winter, —

AZ QUOTES

@ MAYO CLINIC
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Phelps Crushes A Turn

@ MAYO CLINIC



TOUGHNESS

Gebrselhasse & Elliot

@ MAYO CLINIC



Beyond E Africa: Al Waqguie

Mountains of New Mexico, born 1954
Sandia Peak 8 x winner and Record Holder

Empire State Building 5 x winner and Record Holder
2 x winner of Pikes Peak Run , record set in 1981

. -
.

@M CCCCCCCCC
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Discussion
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/. Putting It All Together
About 3 Minutes



Optimizing Non Tech Issues

1. Athlete
2. Course
3. Environmental conditions



Pacing/Drafting ~ 2 Minutes?
Kipchoge - INEOS vs Berlin &

Paula Radcliffe
Mary Ke1tany

Paula Radcllffeu
Worknesh

Paula Radcllffe
Tirunesh Dibaba

@ MAYO CLINIC



The Same Story For Cycling

World Cycling Hour Record 1876-1998

60 - C Boardman, 1996
56.375 km N
55 G Obree, 1993\ b.
ﬁ 51.596 km . g
4
- L4
o 90 ‘e.’ w\
3 cso— S8 F Moser, 1984
= 45 - e’-(k\f 51.151 km
S ¢® ..
- i oV admitted to
O 40 ‘. blood doping
2T I
\Laurle, 1888
o / 33.913 km
25 - .\FL Dodds, 1876
25.508 km

20

1880 1900 1920 1940 1960 1980 2000
@MAYOCLINIC


http://www.lequipe.fr/Xml/Cyclisme/Dossiers/Media/moser_230184.jpg

Get Better Equipment:
1943 Dutch Warmerdam 4.78m (~15-8)

@ MAYO CLINIC



Recognize The Limits of Forecasting:
Who Would Have Predicted This?

Daily crude oil spot prices, 2010-15
dollars per barrel

140

120

100 | M# ﬁ”‘ﬂ"’ \

a0

B0

40 M

20

I:I I 1 I 1 1 1 1
2009 2010 2011 2012 2013 2014 2015

http://www.eia.gov/todayinenergy/ 1-2016




The Shoes ~ 80s

* Kipchoge vs Berlin

* Kosgel vs the women'’s list & Radcliffe’s
2:15:25

WM CCCCCCCCC



Problems With Drug Testing

° Avoid false positives

* Gene variants and renal excretion of testosterone
metabolites

* False negatives with urine tests for EPO

* Intellectual iIssues associated with urine testing for
short acting peptide hormones

* Whole classes of releasing factors and designer
drugs

° Criminal convictions of athletes who have
“passed” hundreds tests but were clearly using
drugs while tested

* Self-taught clinical pharmacologists
WMAYOCLINIC



