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1. The Mitochondrial Crisis

Nearly every conversation about health eventually arrives at the same place.
Energy.

Why do some people remain active into their eighties while others struggle to climb a flight
of stairs in their fifties?

Why do some people recover quickly from illness while others never seem to regain their
strength?

Why does one person thrive while another battles fatigue, metabolic disease, or frailty?

Increasingly, scientists are finding that many of these answers begin inside one tiny
organelle found in nearly every cell of the human body—the mitochondrion.

Often called the powerhouse of the cell, mitochondria convert oxygen and nutrients into
adenosine triphosphate (ATP), the energy that powers virtually every biological process. But
energy production is only one of their many responsibilities.

Healthy mitochondria help regulate glucose metabolism, fat oxidation, inflammation,
cellular repair, vascular function, oxidative stress, immune responses, and even brain
health. Their influence extends far beyond athletic performance. They are central to human
health itself.

Unfortunately, mitochondrial function naturally declines with age and is impaired in many
of today's most common chronic diseases.

Reduced mitochondrial capacity has been associated with:
e Aging and frailty
e Type 2 diabetes
e Obesity
o Cardiovascular disease
e Sarcopenia
e Neurodegenerative disorders
e Chronic fatigue

e Metabolic syndrome



These conditions appear very different on the surface, yet they share an important
biological characteristic: diminished cellular energy production.

The encouraging news is that mitochondria are remarkably adaptable.

Unlike many tissues in the body, mitochondria are constantly renewing themselves. Old or
damaged mitochondria are removed through mitophagy, while new, healthier mitochondria
are produced through mitochondrial biogenesis. Existing mitochondrial networks
continually remodel through the processes of fusion and fission, allowing cells to maintain
efficient energy production throughout life.

Exercise is one of the most powerful stimuli known to accelerate these adaptive processes.
The challenge is not whether exercise can improve mitochondrial health.

The challenge is that millions of people who need healthier mitochondria the most are
physically unable to perform the level of exercise traditionally believed necessary to
stimulate these adaptations.

That reality forces an important question:

Is there another way to deliver the bio-logical signals that mitochondria need to adapt?

2. Exercise Is Information
For decades, exercise has largely been measured by mechanical work.

e How much weight was lifted?

e How far did you run?

e How many calories were burned?
e How long did you exercise?

These measurements are easy to quantify, but they may not tell the entire story.

Every movement performed during exercise creates a cascade of bio-logical messages
inside the body.

e Oxygen levels change.

e Metabolites accumulate.
e Hormones are released.
e Blood flowincreases.

e Genes are activated.

e Proteins are synthesized.



e Stem cells respond.
e Mitochondria begin remodeling.

Exercise is not simply movement. Exercise is information. Every contraction sends
instructions that tell the body how to adapt.

Some signals stimulate muscle growth.

Others improve insulin sensitivity.

Some promote vascular remodeling.

Others increase mitochondrial number and function.

The bio-logical response depends less on how much work is performed and more on
which signals are generated.

This concept forms the foundation of Bio-Logical Exercise™.

Rather than focusing exclusively on mechanical workload, Bio-Logical Exercise™ seeks to
optimize the bio-logical signals responsible for adaptation.

Instead of asking, "How can we make people work harder?"

Bio-Logical Exercise asks, "How can we create stronger biological signals with less
mechanical stress?"

This shiftin thinking has profound implications for older adults, individuals recovering from
injury, patients living with chronic disease, and anyone unable to tolerate traditional high-
intensity exercise.

Among all of the biological messengers generated during exercise, one has undergone
perhaps the most dramatic scientific transformation.

Lactate.

3. The Lactate Revolution

Few molecules in exercise physiology have experienced a greater reversal of scientific
opinion than lactate.

For much of the twentieth century, lactate was viewed as little more than metabolic waste.
It was blamed for muscle fatigue. Muscle soreness. Reduced performance.

Athletes were taught that lactate represented failure.



The harder you exercised, the more lactate accumulated, and the sooner performance
declined.

Modern physiology has completely changed that understanding.

Today, lactate is recognized as one of the body's most important metabolic fuels and
signaling molecules.

Rather than being a dead-end waste product, lactate is continuously produced,
transported, recycled, and consumed throughout the body.

e The heart prefers lactate as a fuel during exercise.

e The brain readily oxidizes lactate when energy demand increases.

e Working muscles exchange lactate with neighboring muscle fibers.

e Eventhe liver participates by converting lactate back into glucose through the Cori
Cycle.

Perhaps most importantly, lactate acts as a powerful bio-logical messenger.

e Itinfluences gene expression.

e Stimulates vascular adaptation.

e Activates molecular pathways involved in mitochondrial biogenesis.
e Supports metabolic flexibility.

e Coordinates communication between organs.

Some researchers have even described lactate as a "lactormone" because of its hormone-
like signaling effects throughout the body.

Far from being the end of metabolism, lactate has become recognized as one of its central
regulators.

This new understanding owes much to the pioneering work of exercise physiologist Dr.
George Brooks, whose research fundamentally changed how scientists view energy
metabolism.

4. The Mitochondrial Lactate Shuttle

One of Dr. George Brooks' most important contributions was the discovery of the Lactate
Shuttle Theory.

Rather than remaining trapped inside the muscle where itis produced, lactate is
continuously transported throughout the body, supplying energy wherever it is needed.



This process occurs at multiple levels. Between neighboring muscle fibers. Between
organs such as skeletal muscle, the heart, brain, and liver.

And remarkably...Within individual muscle cells themselves.

This final pathway, known as the Mitochondrial Lactate Shuttle, has transformed our
understanding of cellular energy production.

Through specialized proteins called monocarboxylate transporters (MCTs), lactate enters
the mitochondria, where it is converted by mitochondrial lactate dehydrogenase (mLDH)
into pyruvate.

The pyruvate then enters the Krebs Cycle, generating reducing equivalents that power
oxidative phosphorylation and ultimately produce ATP.

In other words...Lactate does not simply signal adaptation.
It also becomes fuel for the very organelles responsible for producing cellular energy.

At the same time, lactate activates molecular pathways associated with mitochondrial
remodeling, including PGC-1q, the master regulator of mitochondrial biogenesis.

The implications are profound.

The molecule once blamed for limiting performance may actually help drive many of the
adaptations that improve performance, metabolism, and long-term health.

If mitochondria respond to lactate...

Then one of the most important questions in exercise physiology becomes: How can we
safely generate enough lactate for more people to access these remarkable biological
pathways?

That question leads directly to Blood Flow Restriction and the concept of Bio-Logical
Exercise™.

5. The Missing Lactate Link

For generations, athletes were taught to fear lactate.

It was blamed for fatigue.

For muscle burning.

For reduced performance.

For the point where exercise became difficult.



The goal was simple:
Avoid lactate.

Modern exercise physiology tells a very different story. Today, lactate is recognized as one
of the body's most important biological messengers.

e [tfuelsthe heart.

e Supports the brain.

e Feeds the mitochondria.

e Activates genes involved in adaptation.

e Stimulates the production of new mitochondria.

e Coordinates communication between cells throughout the body.

In other words...

Lactate doesn't signal that exercise is failing.
Lactate signals that biology is changing.

This represents one of the biggest paradigm shifts in modern exercise science.
The question is no longer, "How do we avoid lactate?"

The question has become, "How do we safely produce enough of it to stimulate
adaptation?"

That simple shift in thinking changes everything.

It also explains why Blood Flow Restriction and Bio-Logical Exercise™ deserve a closer
look.

Because if lactate is one of the body's most important biological signals...

Then learning how to safely increase that signal may be one of the most important
advances in modern exercise.

6. Biological Adaptation #1 — Recruiting the Lactate Factories
Every exercise program ultimately depends on one thing:
Which muscle fibers are being recruited.

Human skeletal muscle contains two primary categories of muscle fibers.



Type I fibers, often called slow-twitch fibers, are remarkably efficient at using oxygen. They
support walking, posture, and prolonged endurance activities. Because they rely heavily on
aerobic metabolism, they generally produce relatively small amounts of lactate.

Type Il fibers, commonly known as fast-twitch fibers, are very different. They are larger.
More powerful. More explosive. More glycolytic.

And they possess an extraordinary ability to rapidly produce lactate during intense
muscular contractions. These are the body's biological lactate factories.

Under traditional training conditions, Type Il fibers are typically recruited only when
exercise becomes sufficiently demanding.

e Heavyresistance.

e High speeds.

e Powerful accelerations.
e Near muscular failure.

For healthy athletes, this is often achievable.
For millions of others, it is not.

e Anolder adult with knee arthritis may never lift heavy enough.
e Acardiac patient may never reach high exercise intensities.
e Someone recovering from surgery may be restricted from heavy loading for months.

The very populations who could benefit most from increased metabolic signaling often
cannot safely recruit significant numbers of Type Il muscle fibers.

Blood Flow Restriction changes that equation.

By partially restricting venous return while maintaining arterial inflow, BFR creates a
temporary reduction in oxygen availability within the working muscle. As oxygen becomes
limited and metabolites accumulate, fatigue develops much earlier than would normally
occur with light resistance.

To maintain force production, the nervous system recruits progressively larger motor units,
including high-threshold Type Il fibers, despite the use of relatively light loads.

Instead of requiring 70-85% of a one-repetition maximum, meaningful Type Il recruitment
may occur using only 20-30% of maximum resistance when combined with properly
applied BFR.

The resultis profound.



More Type Il fibers become active.

More glycolytic metabolism occurs.
More lactate is produced.

More biological information is delivered.

Rather than simply making exercise feel harder, BFR fundamentally changes which muscle
fibers participate in the exercise itself.

7. Biological Adaptation #2 - Feeding the Mitochondria

For many years, scientists assumed lactate accumulated because muscles had run out of
oxygen.

Today we understand something far more remarkable.

Lactate is not simply produced.
Itis continuously recycled.

As Type Il muscle fibers generate lactate during Bio-Logical Exercise™, that lactate
immediately begins serving new purposes throughout the body.

e Some travels to neighboring muscle fibers.
e Some is transported through the bloodstream to the heart, brain, and liver.
e Some remains within the same muscle cell.

Itis this final pathway that may be one of the most important.

Through specialized transport proteins known as Monocarboxylate Transporters (MCTs),
lactate enters the mitochondria.

Once inside, mitochondrial lactate dehydrogenase converts lactate into pyruvate.
Pyruvate enters the Krebs Cycle.

Electrons flow through the Electron Transport Chain.

ATP is generated.

Energy production continues.

aprowbdn=

The remarkable implication is this:

The same molecule once blamed for fatigue becomes a preferred fuel for the cellular
engines responsible for sustaining life.

Lactate is no longer viewed as the end product of metabolism.



Itis part of metabolism itself.

This elegant recycling system allows the body to recover energy from what was once
believed to be metabolic waste.

It also provides an efficient means of distributing energy between tissues with different
metabolic demands.

Bio-Logical Exercise™ does not simply increase lactate production.

It helps create the conditions in which this powerful biological fuel becomes available
throughout the body.

8. Biological Adaptation #3 — Building New Mitochondria
Producing ATP today is important. Producing more ATP tomorrow is transformational.
This is where mitochondrial adaptation becomes so powerful.

Every bout of exercise creates molecular signals that tell mitochondria whether they
should remain unchanged or become stronger.

Among the most important of these signals is PGC-1q, often described as the master
regulator of mitochondrial biogenesis.

When activated, PGC-1a initiates a coordinated genetic program that leads to the creation
of new mitochondria while improving the function of existing ones.

Additional signaling pathways—including AMPK, calcium-dependent signaling, reactive
oxygen species, nitric oxide, and other metabolic mediators—work together to orchestrate
this remarkable remodeling process.

Lactate participates in this bio-logical conversation.

Far from simply serving as a fuel, lactate functions as a signaling molecule capable of
influencing gene expression, metabolic adaptation, and mitochondrial remodeling.

The result is not merely improved exercise performance.

e C(Cells become better at producing energy.

e Muscles become more metabolically efficient.
e Fat oxidation improves.

¢ Insulin sensitivity often increases.

e Endurance expands.



e Recovery accelerates.
This is one of the defining principles of Bio-Logical Exercise™.

The goal is not simply to complete today's workout. The goal is to create tomorrow's
biology.

Each training session becomes an opportunity to communicate with the body, encouraging
it to build a larger, healthier, and more efficient mitochondrial network.

9. The Exercise Accessibility Gap
Perhaps the greatest problem in modern exercise isn't that people fail to exercise.

It's that millions of people exercise...Yet never generate enough bio-logical signal for their
bodies to fully adapt.

For decades, we've measured exercise by what we can see.

e How much weight was lifted.

e How far someone walked.

e How many calories were burned.
e How long the workout lasted.

But the body doesn't measure workouts that way.
The body measures biology.
Every exercise session sends information.

e Changes in oxygen.
e Blood flow.
e Metabolic stress.



e Hormones.
e |actate.

These biological signals tell the body what to do next.

Build muscle.

Improve insulin sensitivity.
Create new mitochondria.
Grow new blood vessels.
Become stronger.
Become healthier.
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Become more resilient.
The body doesn't adapt because exercise happened.
The body adapts because it received the right bio-logical signals.

This creates an important paradox. The people who need these biological signals the most
are often the least capable of producing them.

Older adults. People with obesity. Individuals recovering from surgery. Patients living with
arthritis, diabetes, heart disease, or chronic pain.

Most are told to exercise more. Yet many cannot safely exercise hard enough to recruit
large numbers of Type Il muscle fibers or generate substantial amounts of lactate—the very
signals discussed throughout this paper.

e The problem may not be motivation.
e The problem may not even be exercise.
e The problem may be a missing biological signal.

Bio-Logical Exercise™ was built around a different question.
Instead of asking, "How can we make people exercise harder?"
We ask, "How can we safely create stronger bio-logical signhals?"
That simple shift changes everything.

Because when the body receives the right information...

Biology responds.

10. What the Research Shows



The concepts presented throughout this paper are no longer theoretical.

Over the past two decades, researchers around the world have published thousands of
scientific papers investigating Blood Flow Restriction across athletic performance,
rehabilitation, healthy aging, cardiovascular health, metabolic disease, and muscle
development.

Although individual studies examine different outcomes, a remarkably consistent picture
has emerged.

Blood Flow Restriction creates a bio-logical environment capable of producing
adaptations that have traditionally required much greater mechanical loads.

The evidence continues to grow in several important areas.
Research Finding #1
BFR Produces Greater Metabolic Stress

One of the defining characteristics of Blood Flow Restriction is its ability to rapidly create
metabolic stress while using relatively light resistance.

By reducing oxygen availability within the working muscle and slowing venous return,
metabolites accumulate much more quickly than during conventional low-load exercise.

This accelerated metabolic environment appears to be one of the primary drivers of the
biological adaptations observed with BFR.

Simply stated...

The body behaves as though it is working much harder than the external workload would
suggest.

Research Finding #2
BFR Recruits More Type Il Muscle Fibers

Traditional exercise generally requires heavy loads or high exercise intensity before
significant numbers of Type Il muscle fibers are recruited.

Blood Flow Restriction changes this pattern.

As oxygen becomes limited and fatigue develops, the nervous system recruits larger, more
powerful Type Il motor units much earlier than would normally occur with light resistance.

Because these fibers possess the greatest glycolytic capacity, they become powerful
producers of lactate—the biological signal that has become central to this paper.



Research Finding #3
BFR Increases Lactate Production

Study after study has demonstrated that Blood Flow Restriction produces substantial
increases in lactate despite the use of relatively light exercise loads.

This finding is important because lactate is no longer viewed simply as a by-product of
exercise.

Itis now recognized as:

e A metabolic fuel

e Acellular messenger

e Aregulator of gene expression

e A participantin mitochondrial adaptation

e Akey component of the mitochondrial lactate shuttle

From a Bio-Logical Exercise™ perspective, increased lactate production represents far
more than a marker of exercise intensity.

It represents a stronger biological signal.
Research Finding #4
BFR Activates Mitochondrial Signaling

Researchers have increasingly reported changes in molecular pathways associated with
mitochondrial adaptation following Blood Flow Restriction exercise.

Among the signaling pathways investigated are:

e PGC-1a

e AMPK

e Oxidative enzyme activity

e Capillary remodeling

e Mitochondrial metabolic regulation

Collectively, these findings suggest that Blood Flow Restriction influences far more than
muscle size.

It appears to communicate directly with the cellular systems responsible for energy
production and adaptation.

Research Finding #5



BFR Improves Oxidative Capacity

Several investigations have demonstrated improvements in aerobic metabolism and
oxidative function following periods of Blood Flow Restriction training.

Researchers have reported improvements in:

e Muscle oxygen utilization
e Oxidative enzyme activity
e Fatigue resistance

e Aerobic efficiency

e Endurance performance

Perhaps most remarkably, many of these adaptations occur while exercising with loads as
low as 20-30% of one-repetition maximum.

Research Finding #6
BFR May Promote Mitochondrial Remodeling

One of the most exciting areas of current research involves mitochondrial biogenesis and
remodeling.

Emerging evidence suggests that Blood Flow Restriction may activate molecular pathways
involved in the production of new mitochondria while improving the quality and efficiency
of existing mitochondrial networks.

Although researchers continue to investigate the magnitude of these adaptations and the
optimal training protocols, the bio-logical mechanisms are becoming increasingly clear.

Blood Flow Restriction consistently creates the very metabolic environment known to
initiate mitochondrial adaptation.

The Emerging Picture

Viewed individually, each study contributes another piece of the puzzle. Viewed
collectively, a much larger picture begins to emerge.

Blood Flow Restriction does not simply build muscle.

e |t alters the biological environment of exercise.
e [tincreases metabolic stress.

e Accelerates Type Il muscle fiber recruitment.

e Produces more lactate.

e Stimulates cellular signaling.



e Supports mitochondrial adaptation.
All while using substantially lighter mechanical loads than traditional resistance training.

This growing body of evidence aligns closely with the central premise of Bio-Logical
Exercise™.

The body does not adapt because of workload alone.
The body adapts because of the bio-logical signals that workload creates.

As our understanding of lactate biology, mitochondrial physiology, and cellular signaling
continues to evolve, Blood Flow Restriction is becoming far more than a method of
resistance training.

Itis becoming a valuable model for understanding how exercise communicates with
human biology.

11. The Bio-Logical Exercise™ Advantage

Traditional exercise has always emphasized mechanical work.
Lift heavier.

Run farther.

Exercise longer.

Bio-Logical Exercise™ begins with a different question.

What biological signals are being created?

Throughout this paper, we've explored how exercise communicates with the body through
oxygen availability, metabolic stress, Type Il muscle fiber recruitment, lactate production,
and mitochondrial signaling.

These biological messages—not simply the amount of work performed—help determine
how the body adapts.

After working with thousands of people over more than a decade, | kept seeing the same
pattern.

People who could never tolerate traditional exercise were suddenly producing remarkable
improvements.

Older adults were becoming stronger.



Individuals recovering from injury were rebuilding muscle.

People living with chronic pain were exercising again.

Athletes were improving performance while reducing mechanical stress.
At first, | believed | was simply watching better workouts.

Eventually, | realized | was watching better biology.

That observation became the foundation for Bio-Logical Exercise™.
Rather than asking, "How can we make people exercise harder?"

Bio-Logical Exercise™ asks, "How can we create stronger biological signals with less
mechanical stress?"

That shift changes everything.

Instead of chasing heavier weights... We pursue better communication.

Instead of measuring effort alone...We focus on adaptation.

Instead of viewing exercise simply as movement...We recognize it as information.

The goal is not to eliminate hard work. The goal is to make every repetition communicate
more effectively with human biology.

Because biology doesn't respond to effort alone.

Biology responds to signals.
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12. The Future of Exercise
Exercise science is entering a new era.

For decades, success has largely been measured by external metrics.

e Distance.

e Speed.

e Weight.

e Time.

e Calories.

While these measures remain valuable, modern biology suggests they represent only part
of the picture.

Inside every exercising muscle, an extraordinary conversation is taking place.

e Muscle fibers communicate with blood vessels.
e Hormones communicate with genes.

e Lactate communicates with mitochondria.

e Cells communicate with one another.



The future of exercise may depend less on increasing workload and more on understanding
these conversations.

Bio-Logical Exercise™ reflects this evolving perspective.

Rather than viewing exercise solely as a means of burning calories or strengthening
muscles, it recognizes exercise as a powerful bio-logical communication system capable
of influencing nearly every organ in the human body.

For athletes, this may mean greater efficiency.
For patients, greater accessibility.

For older adults, greater independence.

For clinicians, new therapeutic opportunities.
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For researchers, an exciting frontier still waiting to be explored.
The next generation of exercise prescription may not ask: "How hard did you work?"

It may instead ask: "What biological information did your workout deliver?”

13. Conclusion

The understanding of lactate has undergone one of the most remarkable transformations in
modern exercise physiology.

Once dismissed as little more than metabolic waste, lactate is now recognized as both a
vital fuel and an essential signaling molecule. Through the mitochondrial lactate shuttle, it
not only contributes to ATP production but also participates in the complex bio-logical
communication that drives adaptation throughout the body.

Blood Flow Restriction training provides a unique opportunity to amplify many of these
biological signals while using substantially lighter mechanical loads. Through earlier
recruitment of Type Il muscle fibers, increased lactate production, and greater metabolic
stress, Bio-Logical Exercise™ may help expand access to physiological adaptations that
have traditionally required much higher exercise intensities.

This may be especially meaningful for older adults, individuals recovering from injury, and
those living with chronic disease—populations that often struggle to tolerate the workloads
associated with conventional high-intensity exercise.

While additional research will continue to refine our understanding of the relationship
between Blood Flow Restriction, the mitochondrial lactate shuttle, and long-term



mitochondrial remodeling, the current body of evidence points toward a broader
conclusion.

Exercise is far more than movement. Exercise is biological communication.

e Everyrepetition changes oxygen availability.

e Every contraction alters metabolism.

e Everyincrease in lactate delivers information.

e Everybiological signal tells the body how to adapt.

The future of exercise may not belong solely to those who lift the heaviest weights, run the
greatest distances, or spend the most hours training.

It may belong to those who better understand the biology of adaptation.

That is the foundation of Bio-Logical Exercise™.

14 — About the Author

Founder of B3 Sciences | Creator of Bio-Logical Exercise™ | Pioneer in Applied Blood
Flow Restriction

Dr. Michael DeBord is an educator, clinician, inventor, and exercise innovator whose work
has focused on translating complex exercise physiology into practical solutions that
improve human performance, rehabilitation, and healthy aging.

Over the past decade, he has devoted his career to studying the real-world application of
Blood Flow Restriction (BFR) across thousands of training sessions involving athletes, older
adults, rehabilitation patients, and individuals living with chronic disease. These
experiences led him to recognize that many of the benefits of exercise are driven not simply
by mechanical work, but by the biological signals created during exercise.

That realization became the foundation for Bio-Logical Exercise™—a new framework that
views exercise as a biological communication system rather than simply a mechanical
activity. By emphasizing metabolic signaling, cellular adaptation, and mitochondrial
health, Bio-Logical Exercise™ seeks to make the benefits of advanced exercise physiology
accessible to a far broader population.

Dr. DeBord is also the creator of the 7-5-10 Method™, a practical Blood Flow Restriction
training system designed to help individuals of all ages and fitness levels stimulate
meaningful biological adaptation in as little as one, five, or ten minutes per session.



As Founder and President of B3 Sciences, he has helped educate healthcare
professionals, trainers, coaches, and fitness enthusiasts around the world on the safe and
effective application of Blood Flow Restriction. His work has contributed to expanding the
use of BFR beyond athletic performance into rehabilitation, healthy aging, metabolic
health, and preventive wellness.

Today, Dr. DeBord continues to research, teach, and develop practical applications of Bio-
Logical Exercise™, with a mission to help redefine how the world understands exercise—not
as a measure of effort, but as a powerful source of biological information capable of
improving health, performance, and longevity.

15 — Alighment of the B3 Multi-Chamber Design with the Scientific
Literature

Blood Flow Restriction research has increasingly emphasized the importance of cuff
architecture, pressure regulation, and even pressure distribution.

The B3 Multi-Chamber System was developed around these same principles.

Its semi-elastic, pneumatic, multi-air-chamber design distributes pressure more uniformly
around the limb while maintaining arterial inflow and restricting venous return—the
physiological foundation of effective Blood Flow Restriction.

Compared with narrow or non-pneumatic devices, broader pressure distribution may
improve comfort, consistency, and repeatability while reducing unnecessary focal tissue
stress.

These design characteristics align with published recommendations supporting:
¢ Even circumferential pressure distribution

¢ Lower effective occlusion pressures

* Improved user comfort

* Predictable vascular responses

e Safe, repeatable application

The design of the B3 Bands reflects the same physiological principles discussed
throughout this paper—creating precise biological signals that stimulate adaptation while
minimizing unnecessary mechanical stress.
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