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Resisted Sled Training: When to Push and Pull

Presentation Overview

• Linear speed overview
– Acceleration Mechanics

• Resisted sled training
– Prescription of load

• Training considerations and guidelines
– Putting it all together
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Part 1 – Linear Speed Overview
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Start + Initial 
Acceleration

Transition Top Speed

Ev e n  B o lt is  >  9 0 %  
To p  Sp e e d  a t 3 0 m

Velocity Profiles

Conference 2019

Race Phase Contact Time (s) Flight Time (s) Posture Force Vector

Initial Accel. 0.14 – 0.25 0.05 – 0.09 Forward Lean Angled Forward

Transition 0.10 – 0.13 0.10 – 0.11 Becoming Upright Near Vertical

Top Speed 0.08 – 0.10 0.11 – 0.13 Upright Vertical

M ann  (2011 ); N agahara  e t a l. (2014 )

Velocity Profiles
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Maximum Sprinting Velocity (vm a x )

Initial 
Accel.
(am a x )

/0/"/%1 %22+1+3%"/40 ≈
6789:7;<=> ?432+

@4AB $%CC

Small changes in FV D =E and FH D =E make a BIG difference 

Velocity Profiles and Force
“shape” of velocity profile determined by amax and vm ax
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Goal is to Improve both FV max and FH max

Maximal Sprinting Velocity (vm a x )

Initial 
Accel.
(am a x )

What are the best methods to optimize these factors?

Maximal Sprinting Velocity (vm a x )

Initial 
Accel.
(am a x )
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“This is why 
we squat”

“This is why 
we clean”
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Horizontal Strength Training
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Horizontal Strength Training
#1) Enough vertical force to support & lift body #2) Rest of force directed horizontally

Kawamori et al. (2013); Kugler & Janshen (2012); Morin et al. (2012); Rabita et al (2015)

Horizontal Force

Total Force
Vertical Force

Force during acceleration
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Force during acceleration
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Key aspects to improve acceleration? 
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Speed in the air is 
constant

Speed can only 
change when foot is 

on ground • Piston leg action (not circular) to 
m inim ize extra time in air

• Forward body lean with Center of 
Mass in front of stance foot

• Powerful pushes, not just rapid turnover

Optimize Acceleration Forces 

Part 2 – Resisted Sled Training
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What is the ratio of time spent on specific 

to non specific sprint training? 

How is load prescribed? 
- Absolute? 
- %BM
- Velocity decrement How much do environmental factors effect load?  

What if l
oad causes a breakdown in sprint form? 
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Research overview

S ports  S c ience  S ym pos ium  2019

Letzelter et al. 
1995 Lockie et al. 2003; 

Alcaraz et al. 2008,2009

Kawamori et al. 2014; Martinez-
Valencia et al. 2014 Petrakos et 
al. 2017; Cross et al. 2017

Morin et al. 2017; Pantoja et al 
2018; Cahill et al. 2019; Cahill et 
al. in press

Kinematics Kinetics

1S p o rts  S c ie n ce  S ym p o s iu m  2 0 1 9
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Prescription of load

S ports  S c ience  S ym pos ium  2019

Mean load velocity profile

1S p o rts  S c ie n ce  S ym p o s iu m  2 0 1 9

Variability of resisted sled training

1S ports  S c ience  S ym pos ium  2019

Variability sled pulling 

18 (14–21), 45 (36–53), 89 (71–107), and 133% (107–160)%

1S ports  S c ience  S ym pos ium  2019

Variability sled pushing 

“33 (23-42) %BM, 66 (45-85) %BM and 100 (69-131) %BM”

“the load required to provide 
a consistent power training 
stimulus almost doubles 
between participants who 
tolerate load the least to those 
who tolerate load the most in 
a youth population, a finding 
that was consistent across all 
training zones”.
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Load velocity profiling

L o a d  (lb s .) Ve lo c ity  (m /s)

0 8 .8

6 0 5 .8

9 0 4 .6

1 2 0 3 .4

Load that 
m axim izes 

pow er

• Goal is to determine individual load velocity profile
• 1 unresisted and 2 to 3 resisted trials
• Measure of maximum velocity
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Any volunteers

LV profile AUT Sprinz.xls
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To push or to pull – that is the question.

• Effectiveness
• Velocity distance profile
• Force velocity profile
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Resisted sled pulling: velocity-distance
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Resisted sled pulling: force-velocity
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Part 3 – Training considerations and guidelines
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Training considerations and guidelines
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Strength-speed

75 - 85% Vdec

Power

50% Vdec

Greater synergy between training stimulus 
and age-related neural development of pre-

PHV youth 

Greater synergy between training stimulus 
and maturity-related neural and structural 

development of post-PHV youth 
Training bias based on 

stage of maturity

Targeted Adaptation

Add a resistive stimulus 
without affecting 

mechanics

Not applicable due to
use of the arms

Increase force 
production capability 
during transition to 

Vmax

Total body horizontal 
strength with transition 

to Vmax emphasis

Increase force 
production capability 

during late acceleration

Total body horizontal 
strength with late

acceleration emphasis

Increase force 
production capability 

during initial 
acceleration

Total body horizontal 
strength with initial

acceleration emphasis

Speed-strength

25% Vdec

Technical competency

<10% Vdec

Conference 2019
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Training considerations and guidelines
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Training considerations and guidelines

Apply force in optimal DIRECTION

Apply MORE FORCE
(relative to body mass)

greater force shorter contact time

Apply FORCE FASTER
(max rate of force application)
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Questions
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