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Overview

By the end of this talk, you should be able to:

• Write the power equation

• State the physiological basis underlying each component of power

• Describe the relationship between muscle mass and power

• Give examples of the neural component of strength

• Describe how to optimize training for velocity

• Define matrix and explain how it is altered by strength training

• Explain the consequences of training only to improve power

• Explain how the velocity of training alters rate of force development

• Describe how the order of exercises affects rate of force development

• Name a nutritional supplement that can alter tissue stiffness in response to training
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Rate of Force Development and Performance

The greater the RFD the closer you get to a podium
Baar (unpublished)
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Components of Power

Power = Force x Velocity

Muscle 
Cross-Sectional Area

(sarcomeres in parallel)

Learning (Neural)
+

Force Transfer
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Training to Failure Increases Muscle Size

Lifting to failure (regardless of the weight) results in the most muscle hypertrophy
Mitchell 2012 (PMID: 22518835)
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Strength is Increased by Lifting Heavy Weight

Heavy loads are better for increasing strength.
Mitchell 2012 (PMID: 22518835)
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Loading to Increase Muscle Force

1. Lifting either light weights or heavy weights to failure results in the same 
increase in muscle mass. 

2. Lifting a heavy weight is better for increasing muscle force production.

3. The rate of MPS following eccentric and concentric resistance exercise is the 
same as long as you go to failure.

4. Blood flow resistance increases the rate at which you get to failure when 
lifting weight.

5. Increasing training volume does not increase strength gains.
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Components of Power

Power = Force x Velocity
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Neural Adaptation to Training

Training one arm increases the strength in the other
Dunn et al (PMID: 16024518)

9

10



6

11

Training the Brain

Following 8-weeks of strength training with a metronome subjects increase cortical drive from the brain, 
and this doesn’t happen with strength training alone

Leung 2015 (PMID: 26259901)
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Force Transfer Through Muscle ECM

Once outside the muscle, force passes through type IV and VI collagen before reaching the fibrillar 
(types I, III, and V) collagen for transfer to the tendon.

Hughes et al (Biology of Exercise).
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ECM Response to Load

Following training, collagen protein increases more than muscle protein
Langer et al (unpublished).
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Collagen and Strength

Adult mice who undergo overload in the presence of the anti-fibrotic agent halofuginone 
increase fCSA but show decreased collagen and force adaptations.

Stantzou et al (PMID: 32772401).
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Ligament Loading Dynamics

ACL thickness in female soccer player increases during a season of training
Myrick 2019 (PMID: 30923976).
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Velocity Summary

1. Lifting a heavy weight causes neural adaptations that can be increased using 
external stimuli like a metronome

2. Loading induces an increase in muscle extracellular matrix that is greater than 
the increase in muscle protein.

3. All collagens are increased in response to training.

4. Preventing the increase in collagen has no effect on muscle hypertrophy, but it 
does prevent ~50% of the increase in force.

5. These data suggest that adaptations to the matrix are as important as those to 
muscle proteins themselves.
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Training Power

The best way to improve power is to train at 0-30% 1RM and the stronger the 
muscle at the start of max power training the greater the power after

Wilson et al (MSSE 25:1279, 1993)
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Training Power Effect on Force

Training to improve power does not make the muscle stronger and over time can 
decrease strength

Wilson et al (MSSE 25:1279, 1993)
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Tendons

Tendons bind compliant muscle to stiff bone
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Regional Variation in Tendon Function

Tendon stiffness is lowest near the muscle and highest near the bone. Arruda et al. J Appl Physiol 101:1113-1117, 2006.

Bone-tendon

Mid-tendon

Muscle-tendon

End-to-end
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Viscoelasticity

The faster you load a tendon the stiffer it is and the lower the strain it takes to rupture
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Determinants of Matrix Stiffness
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Tendon Function Following Inactivity

Inactivity increases tendon stiffness due to loss of compliance near the muscle.
Arruda et al. J Appl Physiol 101:1113-1117, 2006.
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Stiffness Over Training

Leg spring stiffness increases over run training (8 months) resulting in increased performance and 
likelihood of muscle pull

Stryd (unpublished).

23

24



13

25

Preventing Muscle Injury

Strength training decreases the risk of injury by ~2/3rds. By contrast, stretching 
has no effect on the rate of injury.

Lauersen 2014 (PMID: 24100287).
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Viscoelasticity in the Weight Room

The longer it takes to complete a contraction the greater the decrease in stress within the 
tendon (i.e. the more work the muscle does).

Steffen et al. (unpublished)

Light Weight/Fast Movement

Heavy Weight/Slow Movement
(Failure)
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Force and RFD with Heavy Training

With heavy strength training, force increases while RFD decreases likely due to 
a decrease in stiffness at the muscle end of the tendon Lis et al  (PMID: 34808597)
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Training Velocity and Performance/Injury Summary

1. High velocity moves have limited stress relaxation resulting in a progressive 
increase in tendon stiffness without a stimulus for muscle strength.

2. Heavy lifts performed to failure decrease velocity resulting in greater stress 
relaxation and a progression decrease in stiffness of the muscle end of the 
tendon while increasing strength better.

3. As a result, light/fast lifts result increased performance and the likelihood of 
muscle pulls, whereas heavy/slow lifts can slow RFD while decreasing the 
likelihood of muscle pulls.

4. Are there ways to combine exercises or add something to training so that you 
can increase both performance and decrease injury rates?
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Exercise Order and Changes in RFD

Doing plyometrics after strength increases stiffness in elite rugby players more than the 
same exercises in the opposite order.

Lloyd and Deutsch (PMID: 18569546)
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Collagen: from Animal to Powder
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Amino Acid Levels after Dietary Collagen

Increasing amounts of gelatin in a supplement increases amino acids in the blood that produce a 
dose-dependent increase in collagen.

Shaw et al. (PMID: 27852613) 
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Collagen Synthesis Rate with Gelatin

Intermittent loading (6min jump rope with 6h rest) increases collagen synthesis 2-fold and this is 
further increased by 15g of gelatin. Shaw et al. (PMID: 27852613) 
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Maximal Isometric Squat

Even though force increases the same with strength training, RFD is better 
maintained with HC+VitC Lis et al  (PMID: 34808597)
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Countermovement Jump (CMJ)

Lis et al  (PMID: 34808597)HC+VitC improves maximal eccentric RFD and maximal eccentric impulse likely by 
increasing leg spring stiffness. 
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Collagen Conclusions

1. Eating gelatin or hydrolyzed collagen results in a dose-dependent increase in 
collagen enriched amino acids in the blood.

2. Eating 15-20 grams of gelatin or hydrolyzed collagen increases collagen 
synthesis as long as vitamin C is present.

3. HC before training improved explosive performance (RFD) better than PLA

4. This was true for the dynamic components of both the maximal isometric squat 
and countermovement jump. 

5. There was no difference in maximal force improvements or squat jump. 
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Practical Take Aways

1. To increase muscle mass, lift any weight to failure

2. To increase strength, lift a heavy weight

3. To increase power, lift a light weight as fast as possible

4. To increase strength without decreasing performance, order lifts so that the 
light/fast lifts are done last

5. To decrease injury risk, perform heavy slow/isometric loading after high 
plyometric loads (games or practice)

6. HC before strength training improves explosive performance (RFD) better than 
PLA
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