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DEFINITIONS OF VARIOUS METRICS USED
TO QUANTIFY RUNNING TRAINING

Metric Definition Example Unit

Training (General term to describe External lcad, physiclogical See below
stress®=0 physiological stress result- internal load, tissue internal

ing directly from training load, and workloads
Sessions
Daily stress (eneral term to describe physi-  Work, familyfelationships, Visual analog scales and
ological/psychological stress sleep, and financial stress questionnaires
resulting from nentraining
factors
emal load®  Globalterm used o define = Duration = Minutes
the mechanical physical = Distance = Miles or kilometers
stresses applied to an = Pace = Minutes per mile or per
athlate = (Ground reaction forces kilometer
= Contact time = Newtons per body weight
= Peak tibial or sacral ac- = Seconds
celeration = Units of gravity
= Number of steps = Steps
= Other biomechanical A —_
variables /

Physiclogical Global term used to define * Pemeived exertion (SRPE) = Scales: 6-20 or 0-10
internal the physiological and = Heart rate = Beats per minute
load®a= psychological stresses in = Heart rate variability _-_‘aunmmbeﬂrﬁ

response to extemal loads interval
and daily stress = Blood lactate = Millimole
= (Jther phueiolooical uqri% « \aries

Tissue internal  Globalterm usedto define = Stress = Pascals
load internal loads placed on = Strain = Unitless

musculoskeletal tissue in = Force Newtons
response to extemal loads = Stiffness = Naietormation (mm)
- TQW

Training load® Specific term defined as the = Duration = sRPE Arbitrary units for all

product of external and = Peak tibial acceleration =

physiological intemal loads

sRPE
= Number of steps = sRPE

Abbreviation: sRPE, session rating of perceived exertion.

(Paquette et al., 2020)
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Initial Swing

Mid
Swing

Terminal Swing

AN

Float

Initial
Contact

Phases and components of the running gait cycle. Reprinted from ‘The biomechanics of walking and running’, by S. Ounpuu, 1994, Clinics in sports medicine, 13(4),

843-863. Copyright 1994 by Elsevier Inc.
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_ POTENCIA

.CADENCIA

RIGIDEZ VERTICAL

GID TIEI\/IP?“DF CONTACTO

TIEMPO DE VUELO

CONTACTO | FUER%A MAXIMA

| FUERZA DE IMPACTO
I\

Trabajo negativo (Blickhan, 1989; Blickhan & Full, 1993; Farley, Glasheen,
& McMahon, 1993b; McMahon & Cheng, 1990b)
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Potencia (W) = Fuerza (N) x Velocidad (m/s)

Potencia vertical

Potencia horizontal

Potencia (W) = Trabajo (J) x Tiempo (s)

= Potencia vertical

¢ Destinada a la fase vertical del
salto

— R EREIE ]

e Fluctuaciones laterales

Potencia horizontal

e Permite el avance hacia adelante
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Potencia (W) = Fuerza (N) x Velocidad (m/s)

Potencia (W) = Trabajo (J) x Tiempo (s)

 El entrenamiento de la carrera de larga distancia a través de la potencia puede traer un gran
beneficio a la relacion entrenador-atleta.

* No hay necesidad de cambiar la filosofia de trabajo fundamental del entrenador ni sus principios de
entrenamiento. El uso de la potencia permite al entrenador tener mayor eficacia en el
entrenamiento de sus corredores.

* La potencia permite prescribir entrenamientos mas precisos, con una mayor precision de ejecucion
por parte de los atletas y mejorar la monitorizacion del rendimiento del atleta por parte del

entrenador.

* Al final, el entrenador proporciona al atleta el mayor valor de todos — MEJORES RESULTADOS
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POTENCIA EN CARRERA

Evidencia cientifica actual
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Reliability of Trail Walking and Running Tasks Using the Stryd
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Mechanical Power in Endurance Running: A Scoping

Review on Sensors for Power Output Estimation
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e Absolute reliability and agreement & MechE 2020
Full length article . Article reuse guidelines:
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Effects of environments and running conditions running velocities through the two-point
Victor Cerezuela-Espejo, Alejandro Herndndez-Belmonte, Javier Courel-Ibaiez, method Wlth the StrydTM Power meter

Elena Conesa-Ros, Alejandro Martinez-Cava, Jesus G Pallarés” . . 1 . 1
» A0 ’ ) Antonio Carton-Llorente (9, Luis E Roche-Seruendo’,
Universidad de Murcia, Spain Felipe Garcia-Pinillos ® & &, Pedro A. Latorre-Romin bﬁ, Luis E. Roche-Seruendo “&, Amador

Garcia-Ramos & & Diego jaén-CarriIIoI , Noel Marcen-Cinca'(® and
arcia-Ramos ™ . . .. 23
Felipe Garcia-Pinillos™

Are we ready to measure running power?
Repeatability and concurrent validity of five
commercial technologies

Victor Cerezuela-Espejo (), Alejandro Hernandez-Belmonte =, Javier Courel-Ibafiez (), Elena Conesa-Ros (2,
Ricardo Mora-Rodriguez (' & Jesus G. Pallarés & .
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{N:,-:; European Journal of Sport Science
European Journal 5 l
f Sport Sci : By ihe
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Ritete, ISSN: 1746-1391 (Print) 1536-7290 (Online) Journal homepage: https://www.tandfonline.com/loi/tejs20 R : ) 1\ S - )f\;:' Al
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i~ Productive
1 ? . =7 - "~ Fitness Load
Are we ready to measure running power? - : ® O

Repeatability and concurrent validity of five
commercial technologies

Victor Cerezuela-Espejo, Alejandro Hernandez-Belmonte, Javier Courel-
Ibafiez, Elena Conesa-Ros, Ricardo Mora-Rodriguez & Jesus G. Pallarés

/ * Relacion consumo de oxigeno y potencia en carrera

* Determinar la fiabilidad de los dispositivos en el
laboratorio y en el campo

* 12 corredores y triatletas entrenados

Edad: 25.7 £ 7.9 afos; Masa corporal: 73.0 £ 8.7 kg; Altura: 177.8 £ 4.9 cm; % Masa grasa: 11.6 £ 1.4%;
VO:2max: 61.3 £ 5.6 ml-kg-1:-min-1; Experiencia en carrera: 6.7 + 2.4 afnos
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& Metodologia

. . VO2 + lactato

Familiarizacidon Outdoor 1 Outdoor 2

T1 — Incremental de velocidad

e 9km-h1+ 1km-h1/3:4 e 9km-hl1+1km-h1/3:4

Determinar VO,

== 11— |ncremental de velocidad

=2 12— Incremental BW

e +0 kg, +2.5 kg, +5 kg

T3 — Incremental de pendiente

* —-6%, -3%, 1%, +3%, +6%
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[V] Resultados

40M-||r=0,917 4000 1 = 0.933
= 30004 : | < 3000+ . .
4 £ Mejor validez
E 20001 5 § 200 concurrente
= ) _
~ 1000 = 1000- Pw-VO,
SEE = 6.7% SEE = 6.5%
0 r . : 0 . —————
100 200 300 400 100 200 300 400
Power Output (W) Power Output (W)
4000 1 40009 r = 0.594
é" -; 30001 _: 3000-
- £
Ugﬁ E 20004 T 2000
) s
x ~ 10004 S 1000-
SEE = 13.7% SEE = 14.5%
“ 1] 1 1 0 1 1 1 L]
200 400 600 800 300 400 500 600 700

Power Output (W) Power Output (W)
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Table I Test-retest repeatabdicy of Py estimared by sach technolegy in indoor sesstons,

SU’.‘l’dApp E'U'Fd'.l.'uﬂ
Bland Alunan (W) Bland Altman (W)
LoA LoA
SEM CV Bias Bias Lower Upper SEM CW Bias Bias Lower Upper
INDOOR W) (%) IJC  (Meam)  (SD) limit limit W) (%) IQC (Meam)  (SD) limit limit
Speed (kmh) 9 3.7 1o JO.0uE —1.2 4.6 =13 143 1.8 3.2 23 0592 —1.6 .1 =174 L 14.2
10 3.3 1.5 5.7 27
1 2.9 1.2 63 28
12 2.7 1.0 5.8 23
13 3.0 1.1 1.4 23
14 3.6 1.2 5.3 1.9
15 4.8 1.5 28 09 . ST
Body weight 0 3.3 15 |oser| -os 4.2 91 1w 7.5 5.7 27 | ooss| 22 6.5 -148 w106 Mejor fiabilidad
(kg) +25 23 L0 5.3 24
0 33 14 a0 1.3 test-retest para
Slope (%) -6 L7 L1 |osse]  -o0s 3.2 -68 1w 5.9 L7 o8 |osss| o9 4.6 ~100 8.1
-3 2.3 1.3 2.2 Lo
+1® 3.3 1.5 5.7 27 todas las
+3* 2.4 1.0 1.8 09 e o
13 os 55 17 condiciones
Crarmim g RunScribe
Speed (kmh) 9 576 157 0290  -7.0 967  -1826 1w 1965 688 163 0709  -19.] 878 <1911 1o 1529
10 570 146 645 141
11 66.5 16.2 544 11.0
12 728 176 503 95
13 730 168 45.1 £.15
14 TS5 155 736 126
15 827 180 869 137
Body welght 1] 37.0 L6 0495 17.2 &5.9 —112.0 43 146.5 &1.5 141 0678 12.8 63.3 -115.3 Lis 1408
(kg) +25 365 9.4 335 T4
+5.0 47.0 11.B 3.1 &9
Slope (%) -6° 521 130 0421 5.4 7901 -1495 w1604 757 181 0589 169 868  -1533 o 1870
—3* 53.5 13.2 69.6 jLA
+1* 57.0 &6 &4.5 14.1
#3* 505 123 499 105
+6 637 155 22 85

W wants; SEM: standard error of measurement; CV: SEM expressed as a coeflictent of vanaton; ICC: inraclass corvelaton coelficient, model (1,k); LoA: lmis of agreement.
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Physiology & Behavior

journal homepage: www.elsevier.com/locate/physbeh

BunScribe

Running power meters and theoretical models based on laws of physics:
Effects of environments and running conditions

Victor Cerezuela-Espejo, Alejandro Hernandez-Belmonte, Javier Courel-Ibanez,
Elena Conesa-Ros, Alejandro Martinez-Cava, Jests G Pallarés”

Universidad de Murcia, Spain
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The Running Model
P=P,+P,+P,

f= Air-resistance
P,

Y e A & / Climbing resistance
agon o P,

TPW1 = cmv + 0.5pc A(v + v, )ov + (i/100)mgvn

cmyv 0.5pc,A(v + v, )*v (1/100)mgvn

P_: Running resistance P.: Air resistance P_: Climbing resistance

¢ = energy cost of running (0.98 kJ/kg/km) p = density of the air (1.205 kg/m?)
m = body weight (kg) cgA = air resistance (0.24 m?)
v = speed (nv/s) v, = wind speed (mv/s)

1= slope (%)
g = gravity force (9.81 m/s?)
n = hill factor (45.6 + 1.16221)
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TPW2 (0.5p(C4A )V + (155.455-30. 45*—43.35>+46.352+19.55-3. 6)1|m + (0.5(v2—v 2)/d))v

Cxin Clero Csiope Other factors
(0.5(v=vg?)/d 0.5pCaA V2 155.455-30.454—43.353+46.352+19. nm
S5s+3.6
v = speed (m/s) p = density of the air (1.2 kg/m?) s = slope (%) n = efficiency factor
v, = 1nitial speed (m/s) Cy4= coefficient of aerodynamism (0.25+0.054v)-(1-0.5v/8.33
d = distance (0.9) m = body weight (kg)

As= frontal area
(0.2025-0.2660%75m0%425)
h = height (m)
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TPwl = cmv + 0.5pc A(v + v, )%V + (i/100)mgvn

Agreement between running power (Py) estimated by each technology and the theoretical model of Dijk and Megen (TPw;), in different environments (indoor and
outdoor) and running conditions (increasing speed, body weight, and slope).

Running condition Indoor Outdoor

Strydapp Strydwarch Garmingp RunScribe Strydapp Strydwarch Garmingp RunScribe Polary,
Speed
Bias = SD 3+7 -7+ 7 170 = 40 258 = 77 -1 =13 -2 = 12 130 += 48 224 + 68 86 + 28
SEM 5 7 124 190 9 9 98 165 64
SDC 14 20 342 528 26 24 272 459 177
r 0.991 0.990 0.718 0.433 0.967 0.972 0.752 0.463 0.931
Body weight
Bias + SD 5%+ 6 -4+ 6 181 + 38 248 = 74 6+ 7 -1 +8 123 + 41 231 + 82 70 = 16
SEM 5 5 131 183 6 6 92 173 50
SDC 15 14 363 506 18 17 254 480 140
r 0.977 0.977 0.675 0.030 0.966 0.948 0.313 0[060 0.935
Slope
Bias + SD 4 + 15 -1 + 42 198 + 57 257 + 81
SEM 11 29 145 190
SDC 30 81 403 527
r 0.947 0.425 0.263 0.230

Errors are presented in watts (W); SEM: standard error of measurement; SDC: smallest detectable change (sensitivity). r: Pearson's correlation coefficient.
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TPy, = (0.5p(C AV + (155.455-30.45°—43.353+46.352+19.55+3.6)nm + (0.5(v>—v,2)/d))v

Agreement between running power (Py,) estimated by each technology and the theoretical model of Skiba and co-workers (TPy-), in different environments (indoor
and outdoor) and running conditions (increasing speed, body weight, and slope).

Running condition Indoor Outdoor

Strydapp Strydwacch Garmingp RunScribe Strydapp Strydwacch Garmingp RunScribe Polary,
Speed
Bias + SD —-70 + 28 —80 = 29 97 + 54 185 + 80 —64 + 29 —-66 + 29 67 + 50 161 = 73 22 + 26
SEM 53 60 78 143 49 50 59 125 24
SDC 148 166 217 395 137 140 164 346 68
r 0.988 0.984 0.695 0.479 0.966 0.971 0.765 0.508 0.932
Body weight
Bias + SD —47 + 10 —57 + 10 129 + 37 185 + 67 -39 + 10 —43 + 10 86 *+ 46 183 + 78 25 + 14
SEM 34 41 95 139 29 31 69 140 21
SDC 94 113 263 385 80 87 191 389 55
r 0.977 0.977 0.675 0.070 0.944 0.933 0.347 0.013 0.934
Slope
Bias + SD —45 + 23 —49 + 59 148 + 71 208 + 87
SEM 35 54 116 159
SDC 99 150 323 441
r 0.962 0.376 0.214 0.238

Errors are presented in watts (W); SEM: standard error of measurement; SDC: smallest detectable change (sensitivity). r: Pearson's correlation coefficient.
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y=0.9827x+ 5.1021
R*=0.997

©

=1

Determinar validez ‘two point method’ para
estimar potencia a diferentes velocidades

il >
Gait & Posture ST I
Ve vy ] Volume 68, February 2019, Pages 238-243 o 350 -
ELSEVIER %_ 300 -
B 250
=
Full length article i) 200
o . =
Prediction of power output at different :Zg
running velocities through the two-point
. M
method with the Stryd™™ power meter 450 -
~400 -
Felipe Garcia-Pinillos ? & &, Pedro A. Latorre-Roman bﬁ, Luis E. Roche-Seruendo &, Amador E’jj[}l .
Garcia-Ramos & & & %3()[! _
[ ="M
. ., . . 8250 1
* Determinar relacién potencia-velocidad B 500
§ 150 -

100 150 200 250 300 350 400 450

Multiple-point method (W)

y =0 060dx + 10 426

R*=0.991

100

100 150 200

T T T T T 1

250 300 350 400 450
Two-point method intermediate (W)

450
~ 400 -
=

= 350 -
Z 300 -
[=9

D 250 -
=

2 200 -
Z 150 -

100

Ty =0.9451x + 12 956

r#=.985

Z

Measured po

100

100 150 200 250

300 A
250 1
200 1
150 A

T T L) ] ¥

300 350 400 45
Two-point method proximal (W)

y=0.9808x +6.292
P () 007

P-V determinada usando el método de multiples puntos y método de dos puntos
La relacion P-V sigue un modelo lineal cuando corremos a velocidades submaximas
El método de dos puntos es fiable para evaluar la potencia en carrera usando dos velocidades distantes (i.e.;

10-17km/h

I ¥ ¥ ¥ L ¥

100 150 200 250 300 350 400 45

Two-point method distal (W)
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0-10svs.0-180s 0-20svs. 0-180s
) 15
How Does Power During Running Change when Measured at E 13 £
2 10 B
Different Time Intervals? §s s
£z E%
2% ¢ 2s
é 2 5 § g _s5
=== (==
Authors é -10 Systematic bias + random error: 0.88 £2.51W g - 10 |Systematic bias + random error: 0.77 +2.08 W
Felipe Garcia-Pinillos, Victor M. Soto-Hermoso?, Pedro A. Latorre-Romén?, Juan A. Parraga-Montilla?, 5 2=0.00036 = %=0.00104
Luis E. Roche-Seruendo® -15 o -15
120 140 160 180 200 220 240 260 280 300 320 120 140 160 180 200 220 240 260 280 300 320
Mean values (W) Mean values (W)
0-30svs. 0-180s 0-60svs. 0-180s
g 15 g 15
* Comprobar los cambios en potencia media Z Z 10
: : : £ £2 s °
en diferentes intervalos de tiempo i% g% .
5E 5E -5
. . —10 |Systematic bias + random error: 0.55+1.79W @ _10 [Systematic bias+random error: 0.30+1.39W
e Test incremental de velocidad £ #=0.00036 £ #=0.00201
o i inici .h-1 120 140 160 180 200 220 240 260 280 300 320 120 140 160 180 200 220 240 260 280 300 320
Velocidad inicial de 8 km-h otaduerio Bekaityss
h-1 i
* +1km-ht/min 5 0-120svs.0-180s
’ .
* 3’ recogida de datos 10
5
0 F

[ J
|
(5]

Systematic bias + random error: 0.15+0.57 W
r?=0.00001

\g
—/ velocidad es constante 120 140 160 180 200 220 240 260 280 300 320

La potencia permanece constante cuando la

Differences between time
intervals (W)

1 1
[ —
wnm o

Mean values (W)

* A mayor intervalo de tiempo, menor error
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POTENCIA EN CARRERA

Sistemas para medir la Potencia en Carrera



Potencia

Potencia vertical

Ritmo

Cadencia

Tiempo de contacto
Rigidez de la pierna (LSS)
Oscilacion vertical
Resistencia del aire
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e Step Rate

e Stride Length
e Step Length
¢ Contact Time
e Flight Time

¢ Contact Ratio
e Flight Ratio

e Stride Angle

PunScribe

Cinematica

e Vertical Speed
e Footstrike Type

e Pronation
Excursion

e Max Pronation
Velocity

® Pronation
Excursion (MP-
>TO)

e Swing Excursion

e Yaw Excursion

e Yaw Excursion
(MP->TO)

e Yaw Excursion
(Swing)

e Stance Excursion
(FS->MP)

e Stance Excursion
(MP->TO)

Alto Rendimiento de Deportes Ciclicos

‘ BunScribe '

Fases de la marcha

e Time (FS->MPV)

e Time (MPV->MP)

e Time (MP->TO)

¢ Time (TO->Min
Swing)

¢ Time (Min Swing-
>Max Swing)

¢ Time (Max Swing-
>FS)

Cinética

¢ Potencia
e Leg Spring
Stiffness

e Vertical Spring
Stiffness

e Shock

e Impact Gs

e Impact Gs
(Amplitude)

» Peak Vertical GRF

e Vertical GRF Rate

¢ Braking Gs

¢ Braking Gs
(Amplitude)

¢ Horizontal GRF
Rate

e Medio Lateral Gs

e Swing Force Rate

» Total Force Rate
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Absolute reliability and agreement
between Stryd and RunScribe systems
for the assessment of running power

Antonio Cartén-Llorente' , Luis E Roche-Seruendo',
Diego Jaén-Carrillo' ), Noel Marcen-Cinca' ® and
Felipe Garcia-Pinillos™?

BunScribe ‘

BunScribe

Determinar fiabilidad absoluta (intrasujeto)
Evaluar nivel de acuerdo Stryd-RS para
medir potencia

Z0

Table |I. Descriptive characteristics of the participants (mean,

P +SD; n, %).
d »
3 Variables
Sex Male 44 (89.8%)
Female 5(10.2%)
Age (years) 26.16 (8.35)
10k < 50’ Height (m) 1.74 (0.07)
Body mass (kg) 70.9 (9.5)
Velocity (km/h) 1.7 (1.3)

& Protocolo de una sesion

* Tapiz rodante al 0% i
* V,=8km-h1+1km-h?/ min |
hasta velocidad confortable
« 8 acomodacion + 3’ del
recogida de datos

Table 2. Coefficient of variation (CV) and standard error of

the mean (SEM) of power data from the Stryd™ and RunScribe™
systems.

Device CV (%) SEM (W)
Stryd™ 032+ 029 0.3+0.2
RunScribe™ 1.68 + 1.49 2.6+25

FIABILIDAD ABSOLUTA
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100 -
80 - Systematic bias + random error: -12.3 £26.6 W

350 ,// T — Uuauy
.

Limites de acuerdo

39.8-64.3 W

300

250

.
y=0.8731x + 42.589

RunScribe Power Output (W)

200 . r=0.783
. p< 0.001
. SEE =29.6 W
150 //
. Correlaciones muy altas 80 -
100 < -100 -
100 150200 250 300 350 400 100 130 160 190 220 250 280 310 340 370 400
Stryd Power Output (W)
Figure 2. Pearson’s correlation analysis between RunScribe Figure 3. Bland-Altman PIOtS for the measurement of power
and Stryd's power output data achieved during a 3-min treadmill output du ring running at a self-selected comfortable speed for
running protocol. the Stryd™ and RunScribe™ systems.

SEE: standard error of estimate. . The plot includes the mean difference (dotted line) and 95% limits of
Circles indicate individual data of the crossing point between average

values for each device. agreement (dashed lined), along with the regression line (solid line).

Table 3. Descriptive values and comparative analysis of power output during running from the Stryd™ and RunScribe™ systems.

Mean (SD) t-test Correlation ICC (2, k)
Stryd™ RunScribe™ p-value r (p-value) 95% Cl
Power output (W) 2389 £ 37.7 251.2 2420 0.002 0.783 ( < 0.001) 0.855 (0.707-0.924)

ICC: intraclass correlation coefficient; 95% Cl: 95% confidence interval.
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MECHANICAL <
ND TE
Original Article ENGINEERS
Proc IMechE Part P:
J Sports Engineering and Technology
Absolute reliability and agreement © Meche 202
. Article reuse guidelines:
between Stryd and RunScribe systems sagepub comjournls.permissons
. POI: 10.1 |77/|754337|2098+644
for the assessment of running power ol szepubcomomelyp

®)SAGE

Antonio Cartén-Llorente' , Luis E Roche-Seruendo',

Diego Jaén-Carrillo' ), Noel Marcen-Cinca' ® and
Felipe Garcia-Pinillos™?

o Ambos sistemas ofrecen datos fiables de potencia en carrera

No se recomienda usar ambos sistemas de manera aleatoria
y/o intercambiar los datos de potencia que ofrecen
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Rigidez vertical Yy de la pierna (Leg Spring Stiffness y Oscilacion Vertical) el

Almacenamiento AL Liberacion

Ay @ Ay Moore et al. (2019)
\ 4
Entrenamiento Entrenamiento Entrenamiento
neuromuscular pliométrico musculatura pie

M‘Wf%
Z

Aumento rigidez Mejora acumulaciéon  Fortalecer foot core y
activa y pasiva y liberacidn energia aumentar stiffness
HRT: musc. agonista elastica del arco
Osc. Vertical LLE: ratio desarrollo F  CT<0.2s.
* Amateur 6-13 cm Squats, peso muerto, Saltos a la comba Short foot
e Flite: < 5cm q levantamientos Towel toe curl
olimpicos y derivados Barefoot running
(Blickhan, 1989; Blickhan & Full, 1993; Farley, Glasheen, & McMahon, 2 — 3 sesiones a la semana
1993b; McMahon & Cheng, 1990b)
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33:22 7.80 km 01% 130 m 54 RSS

Fo rm Powe r Tiempo en mov. Distancia Promedio de pendiente Desnivel Acum. Estrés

0:03

" SPORTS | Master Universitario en 0O
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Potencia vertical

Potencia horizontal

Power-Form Power= Potencia horizontal

Potencia
290 W

(FORM/Power)x100 = FORM POWER RATIO (FPR)
I T S

(77/290) x 100 = 26,5%
e —

Form Power Ratio
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Running Effectiveness

RE: ratio de velocidad en relacion a la potencia
RE= velocidad/potencia
A mas RE, mayor efectividad a |la hora de

convertir la potencia producida en velocidad y
en avance.

RE =<0.99 por debajo de |la media

RE =>1.01 buena
RE = >1.05 world class runners

Relacion con HP y FP
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Resistencia al aire

https://storage.googleapis.com/stryd_static_assets/white_papers/wind-white-paper-8-17.pdf

1 race Speed 5.1 m/s Pt -= total w/ wind 212'W Pr-=run 208 W Pr % of Pt 98 % Pa-=air 4 W Pa % of Pt 2% elevation 873 ft

Fo = 5 pCaAv*

Incremento de potencia para mantener velocidad con viento de cara

104
p: densidad del aire 2501 100
C,: coeficiente de arrastre -
A: area de seccion | |
80
transversal que enfrenta al . L .
. Potencia para superar la resistencia del viento
alre y | -600
v: velocidad ) i 60
rIE ' = =
Velocidad constante
- : -400
100 i Lag
AP-Pt-223W
| AP-Pa-123W -
1 501 avgPa%otPt-5% | o [2%
AP - Pr- 2106 W
avg Pr% of Pt-95%
o4 ol 0 o

T T - I T T
0:02:00 0:04:00 [m 0:08:00 0:10:00
h:m:s
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77 \‘\ J
TRIATLETA E'LITE TthSdEI],f, 15]U|2[|2[| -12:16 PM B
SHOCK METRICS
COMMUNITY COMPARISON SHOCK(G) 12.3¢ 1o LR 132
EFFICIENCY SHOCK MOTION [MPACT G5 () FNe 73 LINMMMIR 66
N 7 r’il-"-'-:?‘\ B I?;l BRAKING G5 (G 99 ¢ 93 LEMIMAR 114
HIGH LOW <= () " - | |
FOOTSTRIKE PRONATION FOOTSTRIKE PRONATION MOTION METRICS
VELOOTTY WELDCITY
FOOTSTRIKE TYPE 10.9 98 LINMPIMMR 149
RUN SUMMARY PRONATION EXCURSION (°) 20.1 - 212 LI R -160
SIMMETRY MAX PRONATION VELOCTTY (/s) 627 °/c 645 L INN/EM R 539
L === === R i ELAPSED TIME TOTAL STEPS STERS £ MIN PACE TOITAL SHOCK (G}
DERNED METRICS
LOW IMBALAMCE 0127 moving time 01227 running tiree 0000 walking time 0000 stationany time
PEAK VERTICAL GRF (F(Bwi) 4.3 FBw) 4.3 Ill|||l 4.4
PACE (min/km) 3:05 min/k CONTACT RATIO (%) 63 o 64 e 62
STEP RATE (s/min) 167 s/mir STRIDE ANGLE (*) 46 22 III||I| 31
STRIDE LENGTH (m) 388 LEG SPRIMG STIFFNESS (kNSm) 8.4 u 71 III|||| 10.0
CONTACT TIME (ms) 228 1 230 L N R 229 VERTICAL SPRING STIFFNESS (KN/m) 23.4 kNin 220 Ll s 227
FLIGHT RATIO (%) 37 36 LImmr 28 VERTICAL GRF RATE (N/kgfs) 43,1 Nikgss 427 mjm 428

POWER (W) 270w
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8 ” BunScribe
[48  punScribe |gE eIl I

Longitud de zancada (SL)

Stride Length

Left Step Length

Step Length: 1.94 m

«<——— Right Step Length —————

SL = SteplLength x 2

SL=1.94x2
TYPICAL RANGES SL=3.88 m

_lmﬂmﬁm///}”mfﬂl_
5 10
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Tiempo de Contacto y Tiempo de Vuelo |

CONTACT TIME (ms) 228 230 LR 229 \ \ \ | ‘/\_ /

N
A Pl
i
g _\, - < Y
FLIGHT RATIO (%) 37 = Lmmmms 3= \ AN LI e
= i "
e ) + L \"\\w ’
g 5 7 = — et {___H_‘.\.‘
£ v AL 4 £
“\\_\ /P ‘ ¥ ~ A
= IT f r@@ff ) . f = (T
L - A L { L Y
1 1 o
! Y, “"\ y | 40\
[ ) &
N &
A o /o 7
b+ K ¥ o 2] = el =
] 1 i+ 5 218 Sl
o 3 gl= gie gl 2 3
N S HE e EE =
= 14 <o/ m | 8 = | 87.( 87.5 88.0
L 1 I
: 50%

A
Y

45_25% 1 5_25% 45-25% 5-25% —Immmﬁmfwml_
: 190, 400
| — o~
Contacto 1 | o Contacto 2 o
g g
: > = —IWW/IIIIIIMW#/W///WM!_
I 0% : 50%
|
€ >le >
0% Fase de apoyo Fase de oscilacién 100%
25-45% 55-75% i
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METRICAS DE IMPACTO (shock metrics)

SHOCK METRICS
SHOCK (G) 123¢ 1S L e 132
IMPACT G5 (G) 1.2 G 73 LR 56

o
2

93 LEWNMIR 114

BRAKING G5 (G)

GRF impact peak

Absent GRF

g [ A impact peak
= 2 2
g
=
o
>
E
] 1 1
] o 4 —
0 20 40 60 BO 100 0 20 40 60 80 100
100 ! Primary 100
80 LR peak 80
_Immfml_ g 80 i 60 - [Primary | Secondary
o LR peak | LR peak
6 19 & 40 Secondary 40
5 LR peak
2 20 20
o
_lmfmlmml_ 20 o 30
5 14 40 40
Primary LR % stance Primary LR %% stance
peak bime peak time

_lmfmfm’m’ml_
4 13

Impact phase duration Impact phase duration (Nordin et al., 2017)
7’
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METRICAS DE MOVIMIENTO (Motion metrics)

Right Foot Strike Point of Max Pronation

~
—

MOTION METRICS
FOOTSTRIKE TYPE 92 LENMMAR 142

PROMATION EXCLIRSION (=) 200, 212 LI R -160

MAX PROMATION VELOCITY (°/5) 27 646 LEIIMINM R 539

—_—_ 7///7//1/7/ /172 L
-2 -20

Velocidad de maxima pronacion

Heel Strike Midfoot Strike Forefoot Strike
TYPICAL RANGES

—lwmmm;ﬁfmml—
200 oecsse 900 oo
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METRICAS DERIVADAS (Derived metrics)

DERIVED METRICS

PEAK VERTICAL GRF (F(Ew))
CONTACT RATIO (%)
FLIGHT TIME {ms) 30 LR 138

STRIDE ANGLE ()

Shoe ride

LEG SPRING STIFFNESS (kN./m)
VERTICAL SPRING STIFFNESS (KN/m}

VERTICAL GRF RATE (N/kg/s)

vGRF [Bw)
Stance ‘el (°/s)
vGRF [Bw)

L
(a'd
O
>
~
(@)
>
(@)
o
(]
O
©
O
(@)
O
Q
>

Stance time (%) Stance time (%)




F SPORTS | Master Universitario en
A SCIENCE | Alto Rendimiento de Deportes Ciclicos

POTENCIA EN CARRERA

Aplicacion Practica
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1. HALLAR CP / FTP
3-6 VUELTAS

Calentamiento 5’ + 2-3x100m
(80%)

800m en la pista cdmodos “easy
pace”

5’ rec

2400m (6 vueltas) all-out

30’ rec caminando o trotando
1200m (3 vueltas) all-out

Vuelta a la calma

3’-9’ VUELTAS

Calentamiento 10” + 5x100m
(80%)

Completar max distancia en 9’
30’ rec caminando o trotando
Completar max distancia en 3’
Vuelta a la calma

TEST 30’

Calentamiento 15’

30" All-Out

Vuelta a la calma

rFTP—=>media de los ultimos 20’
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1. HALLAR FTP

* Analizar el nivel de acuerdo entre los
ﬂ Sensors m\l’y o valores de MPO obtenidos en 3 time trials
diferentes (10, 20 y 30 min) comparados
Article .
Estimating Functional Threshold Power in Endurance Running uno de 60 min

from Shorter Time Trials Using a 6-Axis Inertial

Measurement Sensor * edad: 34.0 +7.5; altura: 1.76 * 0.04 m;

body mass: 71.1 £ 5.8 kg; BMI: 22.9 + 1.5
kg/m?2

Antonio Cartén-Llorente (9, Felipe Garcia-Pinillos 23*(%, Jorge Royo-Borruel !, Alberto Rubio-Peirotén !,
Diego Jaén-Carrillo **{ and Luis E. Roche-Seruendo !

10k < 40’

A Protocolo de 4 sesiones

4 Time trials (10-20-30-60 min) intentando cubrir la

Table 2. Acute response (mean, SD) to the different running time trials.

Main Effect of

d bl 10-min Trial 20-min Trial 30-min Trial 60-min Trial Test p-Value
maXIma IStanCIa pOSI c. Running speed (km/h™1)  17.16 (0.65) bed 16.33 (0.53) &<d 15.88 (0.50) P4 15.12 (0.56) ¥be <0.001
* 1 semana de se parac ion entre TTs. Mean power output (W)~ 341.73(27.19)bed 326,90 (26.97) ¥4 320.63 (25.51) P4 306.15 (25.33) 2P <0.001
. . . Normalized mean power ) 7¢ 15 bed 4.58 (0.15) 2 4.47 (0.15) abd 4.29 (0.13) ab< <0.001
* Medir BM antes de cada TT para ajustar potencia output (W/kg™") )
RPE (6-20) 19.27 (0.83) © 18.95 (0.84) 18.64 (0.73) > 19.27 (0.88) © 0.011
? 4 ) .
* Protocolo 8’ (4’ self-selected + 4’ velocidad TT) para

2 indicates significant differences regarding 10-min trial after post-hoc testing; ® indicates significant differences regarding 20-min trial after
. ., . post-hoc testing; © indicates significant differences regarding 30-min trial after post-hoc testing; 4 indicates significant differences regarding
evitar acomodacion al tapiz

60-min trial after post-hoc testing.
* HR, RPE y MPO durante toda la prueba



K

SPORTS
SCIENCE

Master Universitario en
Alto Rendimiento de Deportes Ciclicos

Table 3. Level of agreement between power output obtained during different running based-time trials regarding the

reference duration (60-min time trial).

Mean Power (W) Normalized Mean Power (W/kg)
[ 10-minvs. 60-min | Correlation (r-coefficient) 0.916 *+* 0.720 +*+
ICC (95% CI) 0647 (— ) 0.188 (—0.046-0.566)
ICF% (CI) [ 896 (88.2-90.9) i 89.8 (88.8-90.7)
[ 20-min vs. 60-min | Correlation (r-coefficient) 0.040 = 0.868 ***
ICC (95% CI) 0839 (—0.120-0.964) 0.432 (—0.061-0.808)
ICE% (CI) [936 925-94.7) i 93.7 (93.1-94.4)
[ 30-min vs. 60-min | Correlation (r-coefficient) 0.046 = 0.859 ***

ICC (95% CI)
ICF% (CI)

0,899 (—0.089-0.976)
95.5 (94.3-96.6)

0.625 (—0.152-0.895)
95.9 (95.2—96.6)

*** p < 0.001; ICC: intra class correlation coefficient; ICF%: individual correction factor (%); CI: confidence interval.

10-TT: FTP

20-TT: FTP

30-TT: FTP

PO,, X 0.9
PO, x 0.94

PO, x 0.96

10-min TT vs, 60-min TT

400
- -
£ 350
o
S 500 A
g v =14495 + 0 853
& 250 g ri=0.839
b=l SEE=104W
=0.001
200 s
250 300 350 400
10-min MPO (W
20-min TT vs, 60-min TT
400
—_ -
£ 350
o
E 300
5 2=10.901
Fa%0 SEE =8.2 W
bl p=0.001
200
250 300 350 400
20-min MPO (W)
30-min TT vs, 60-min TT
400

60-min MPO (W)
L
(=]
=

y=4.780 + 0.940x

r#=10.893
250 % SEE =84 W
p = 0.001
200
250 300 350 400

30-min MPO (W)

10-min TT vs_ 60-min TT

4.6
Edﬁ p=1399 4+ 0 G05x . ”
§ & r=0519 .
=44 SEE=009 W
O L=
% s p=0.001
& [
= 42
é 4.1 .
4
4.2 4.4 4.6 4.8 5 5.2
10-min nMPO (W/ke)
20-min TT vs, G0-mm TT
46
[- 1] -
=245
64_4
o
E s r—0.753
=42 SEE =007 W
E 0.001
'?'} 4.1 Vi
4
4.2 4.4 4.6 4.8 5 5.2
20-min nMPO (W/kg)
30-min TT vs. 60-min TT
46
45 *
& 4.4
o
E 43 y=0921+0.754x
= . 2=10,720
=42
= 4 SEE =0.07W
41 "
< p<0.001
4
42 44 4.6 48 5 52

30 min nMPO (W)
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2. DEFINIR ZONAS DE ENTRENAMIENTO

marathon HF. 164 bpm Power 277 W Pace 8:21 min,/rmi

Zone 1 Easy 65 -80% CP
256-315W

Zone 2 Moderate 80-90% CP
315-354 W

FC ‘a la deriva’

Zone 3 Threshold 90 -100% CP
354 -393 W

Zone 4 Interval 100 - 115% CP
393-452W

Zone 5 115 - 300% CP
452+ W

Stryd Power Zones | Karvonen HR

Zonel |B65-B0%
Zone 2 |B80-90%
Zone3d | 90-100%
Zoned |[100-115%
Zone5 |115-130%
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Entire Workout Heart Rate 151 bpm Power 245 W ACe|eraCiones +5%3:10

sy |

accelerations  Heart Rate 142 bpm  Power 247 W 5x3:10 Heart Rate 160 bpm Power 250 W
l"\ }J [ ﬂ {\(ﬁlm-,'w‘i"ﬁﬂ- gl I‘M"'I] ’W‘WNM
Fcmax después de las
series

Retraso FC FC ‘sin rumbo’




K

SPORTS
SCIENCE

Master Universitario en
Alto Rendimiento de Deportes Ciclicos

2. DEFINIR ZONAS DE ENTRENAMIENTO

RUN. 2=
Al

The Complete Guide to
Power Meters for Running

JIM VANCE

Palladino
Power

Project

1 Andar/recuperacién =81 +3 horas

2 Resistencia 81-88 2-3 horas

3 Tempo 89-95 1-3 horas

4 Umbral 96-105 1 hora

5 Alta intensidad 105-115 20-45 minutos
6 VO 116-128 2-18 minutos
7 Cag?;;dgg ;g;iﬁg'“a >129 <2 minutos

_ Easy Running
Easy recovery between | 65-75%
1A | Pestinterval Recovery | 028 B0 o odiown | of TP | CP
Easy warm-up T75-80%
1B | EZ Warm-Up component before of FTP/CP
intervals or racing
1C [ EZ Aerobic Runnig Easy Aerobic Runs
Typically, average =80% to <B8%
power for long runs / of FTP/CP
overdistance (or
sustained runs with
Endurance Long Run higher intensity mixed
in) Otherwise a gray
zone for more standard
lengthen aerobic runs.
Threshold Stimulus
Sweel spol running. 88 to <95%
Tempo runs. of FTP/CP
Generally, sustained
. effort runs executed at
34 g:}_ﬁﬂﬂ;ﬁ Threshoid the lower percentages
of FTP, or, long (>=15
minute) intervals at the
higher percentages of
FTP within this zone.
Threshaold work. 95-101%
3B Intensive Threshold Longer intervals and of FTP/CP
Stimulus occasionally, sustained
effort running.
Suprathreshold work. >101% o
Supra Threshold Gepnerally intervals. ;::[']f% o TP
] " Max aerobic work. 106% to 116%
g‘h?’“““' Aerobic Power | 1 ically intervals (or | of FTP / CP
mulus . o
occasional ‘time’ trials).
. Anaerobic work. Short | =116% to
g:;’f:f;‘c Pawer intervals or short time | 150% of FTP /
frials CcP
- . Maximal Power. =150%
Sprint/ Maximal Power | ¢ rints. of FTP / CP

https://www.facebook.com/groups/PalladinoPowerProject
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2. DEFINIR ZONAS DE ENTRENAMIENTO
= | Mdwecien 0 [1]2|s|4]s|ef7]
RUN..ic

Incremento de volumen plasmatico . * we | wee | s | . .
P DWE R Incremento de enzimas mitocondriales musculares | « | s« | ser [ srrn | wee | e | 4
. Incremento de umbral de lactato * wr | owww | owwww [ owws = *
o s Incremento de almacenamiento de glucogeno
The Complete Guide to * - e P - - -
Power Meters for Running muscular
JIM VANCE _
Hipertrofia de fibras musculares lentas . - - | wwe .
Incremento de capilarizacion muscular . e e B B
Conversion de fibras rapidas llb — lla * #r | wwe | sen | e . *
Aumento del volumen sistdlico / gasto cardiaco
: & ke k& s L o b & ++
maximo
Incremento de VOmax . * e wer | www | weew | =

Incremento de almacenamiento de fosfatos de alta
energia (ATP/PCr)

- - T ]

Incremento de la capacidad anaerdbica (TOLA)
Hipertrofia de fibras rapidas N

Incremento de la potencia neuromuscular * | e
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Athlete Account Settings
6 303 to | 2000 T Remove ~
HEFELAY Add Zone
Zones
Heart Rate
Run Power Remove
Power
Speed/Pace Threshold Vaiue
Notifications Threshold 201 W
Mutrition
Equipment Auto Calculation
Layout Threshold Power Ghoose Method Calculate
Zone 1 - Post Interval Recovery 0 to | 225 Remove
Zone 1B - Warm-Up 225 to 240 Remove
Zone 2 - Endurance Long Run 241 to 283 - Remove
Zone 3A - Extensive Threshold Stimulus -Sweet Spot 264 o 28B4 Remove
N Zone 3B - Intensive Threshold Stimulus 285 to 304 Remaove
Zane 4 - Supra Threshold 305 to | 318 Remove
Zone 5 - Maximal Aerobic Power 319 to | 349 Remove
Zone 6 - Anaerobic Power 350 to | 451 Remove
Zone 7 - Peak Power 452 to 3000 Remove
Add Zone
\ Add Activity v
4 >
Gancel Save Save & Close
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3 EJ E M P LO S SUNDAY 14 March, 2021 7:97 pm Ers g S (g
[ ] . | Click or drag blocks

o Units
to build kout

| et bt % Functional Threshold Powe | v
‘ | | - —

S -. -l .- I- Hange; . : sl th Export

Active: 25 min @ 98-100 % of FTP
% Warm up: 5 min @ 86-88 % of FTP Recovery: 5 min @ 86-88 % of FTP

Entrenamiento
estructurado

Zona 3b — Intensive Threshold Stimulus

0:10:00 0:35:00
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3. EJEMPLOS THURSDAY 11 March, 2021 1:39 pm Fitness 39 Fatigue 48 Form 5
Files ik
Series + Threshold |
‘ |
l P
Summary | [j
250
03:20 350
Z3B
245
300
04:10
240 250
05:33 Z5
200
235
150
08:20
230
100
' 50
5 h 220 g
0:00:00 0:10:00 0:20:00 0:30:00 0:40:00 0:50:00
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TAKE-HOME MESSAGE

1. La potencia en carrera muestra una correlacion muy alta con VO,,.
2. Los potenciometros de carrera son fiables, pero no se recomienda
intercambiar sus datos.

3. La potencia no se ve comprometida por el viento u otras inclemencias

meteorolodgicas.

4. La potencia ofrece un meétodo de cuantificacion de la carga vy
monitorizacion del esfuerzo que es superior al ritmo o a la FC.

5. Es posible realizar la cuantificacion interna (FC y RPE) y externa (potencia

y ritmo) del esfuerzo de cada atleta el entrenador lo estima oportuno.
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Gracias
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Running with Power

Dr. Diego Jaén Carrillo

universidad V‘-:
A e 2T

8 djaen@us;j.es
g @ @djaenc

R https://www.researchgate.net/profile/Diego_Jaen_Carrillo
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