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Executive Summary

Breathing is a finely tuned balance between oxygen (0;) intake and carbon dioxide (CO)
elimination. In exercise, the ability to coordinate breathing with muscular effort determines
not only comfort but also performance efficiency.

A key observation is that breathing is not symmetric: inhalation tends to be shorter and
more forceful, while exhalation is longer and more controlled. This natural asymmetry
becomes more visible during exercise and matches the rhythm of IsoTone training, where
the squeeze phase aligns with a sharp inhale and the expand phase aligns with a slower,
prolonged exhale.

This review examines the physiology of inhalation and exhalation, the dynamics of CO,-
driven discomfort, and the risks of both over-exhalation and under-exhalation. It integrates
these insights into IsoTone training, specifically modeling strenuous sessions at 45 squeeze-
expand cycles per minute with 8 W power output.

The paper concludes with a practical breathing optimization strategy that guides users
through warm-up, steady-state exertion, and cool-down phases. The audience includes
athletes, sports professionals, physical therapists, and regular IsoTone users seeking
scientific yet applicable methods for effective breathing control.

1. Physiology of Breathing Dynamics

1.1 The Balance of Inhalation and Exhalation

At rest, inhalation is active while exhalation is largely passive. Exhalation is slightly longer,
making it the dominant phase. During exercise, both inhalation and exhalation become
active, but they are not equal: inhalation is typically faster and more forceful, while
exhalation is slower and prolonged. This asymmetry is beneficial — oxygen must be drawn
in quickly, while carbon dioxide requires more time to be expelled.

In IsoTone training, inhalation is best paired with the squeeze phase and should be rapid
and forceful to maximize oxygen uptake. Exhalation is paired with the expansion phase and
should be slower and prolonged, ensuring effective CO, clearance and stabilization of
alveolar ventilation.

1.2 Oxygen and Carbon Dioxide

Although oxygen is vital, discomfort during breathing is primarily driven by CO, imbalance.
When CO, levels are too high, hypercapnia develops, causing urgent breath hunger and
restlessness. When CO,, levels fall too low, hypocapnia occurs, leading to dizziness, tingling,



and fainting, even when oxygen levels in the blood are adequate. Optimal breathing
therefore depends on carefully controlled exhalation that avoids both extremes, and the
natural asymmetry of shorter inhales and longer exhales supports this balance.

2. Dynamics of Discomfort

2.1 Over-Exhalation (Hypocapnia)

In the pursuit of “emptying the lungs,” some exercisers over-exhale. This rapidly reduces
CO,, raises blood pH (alkalosis), and paradoxically impairs oxygen delivery through the
Bohr effect.

Discomfort rises sharply, peaking within minutes. Within 1-3 minutes (about 45-135
IsoTone cycles) tingling and dizziness appear, and by 5 minutes (225 cycles) fainting may
occur. The discomfort curve for over-exhalation shows a steep rise followed by a plateau,
often interrupted by fainting.

2.2 Under-Exhalation (Hypercapnia)

Weak or incomplete exhalation allows CO, to accumulate. Although onset is slower,
discomfort grows steadily. Mild symptoms appear within 2 minutes (about 90 cycles),
followed by headaches, breath hunger, and confusion between 5-10 minutes (225-450
cycles). Unlike hypocapnia, hypercapnia discomfort does not plateau; the curve shows a
relentless upward climb until corrective breathing occurs.

2.3 Comparative Curves

The contrast between these two conditions highlights the importance of balanced
exhalation. Over-exhalation produces a rapid and sharp discomfort curve, while under-
exhalation results in a gradual but unending rise in discomfort. Both interfere with exercise
efficiency but in opposite ways.

In both cases, the natural asymmetry of shorter inhales and longer exhales, when respected,
provides the body with a more stable balance between oxygen intake and carbon dioxide
clearance.

Discomfort Level vs Exercise Time and IsoTone Cycles
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o Blue curve: over-exhaling (hypocapnia) — discomfort rises fast, then plateaus.

e Orange curve: under-exhaling (hypercapnia) — discomfort rises slowly but keeps
climbing.

e Bottom axis = time in minutes, top axis = IsoTone cycles (at 45 cycles/min).

The dual-axis view allows to interpret discomfort either by elapsed time or by IsoTone cycle
count.

The graph below shows natural breathing asymmetry across IsoTone cycles, with both time
and cycle count axes.

Annotated Breathing Schematic: Short/Fast Inhale, Long/Slow Exhale
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e Inhale = short/fast (spikes).
e Exhale =long/slow (valleys).

3. IsoTone Exercise Framework

IsoTone exercise engages muscles in both directions. A strenuous session at 45 cycles per
minute, each cycle lasting about 1.3 seconds, with 8 W of mechanical power output,
corresponds to roughly 40 W of metabolic effort. This equates to about 0.29 L of oxygen per
minute, or about 1.5 times resting oxygen demand, placing the exercise between moderate
and strenuous intensity.

Normal breathing at this effort level is 20-25 breaths per minute. To synchronize with
IsoTone training, breathing is coupled directly to cycle count:

- Warm-up: 1 breath every 3 cycles (~15 breaths/min).
- Steady-state: 1 breath every 2 cycles (~22 breaths/min).
- Cool-down: 1 breath every 4 cycles (~12 breaths/min).

Breathing should follow the rhythm of the IsoTone device. The squeeze phase is paired with
a short, forceful inhale, as if charging the lungs with oxygen. The expansion phase is paired
with a longer, slower exhale, as if pressing out accumulated CO, fully. This reflects the
natural asymmetry of breathing — faster in, slower out — and stabilizes gas exchange
during exercise.



4. Optimized Breathing Strategy

4.1 Warm-Up Phase

At the beginning of exercise, the goal is to elevate oxygen uptake and CO, clearance
gradually. Breathing at one breath per 3 IsoTone cycles, or about 15 breaths per minute,
ensures smooth diaphragmatic breathing.

The inhale during squeeze is strong but not forced (shorter and quicker), and the exhale
during expansion is gentle and complete (longer and steadier).

This pattern prevents premature hyperventilation and prepares the respiratory system for
higher loads.

4.2 Strenuous Steady-State Phase

During the main workout the breathing rhythm shifts to one breath every 2 cycles, or about
22 breaths per minute. Each squeeze is paired with a rapid, powerful inhalation to
maximize oxygen delivery to the blood.

Each expansion is paired with a prolonged exhalation, which clears CO, and maintains
comfort. This strategy balances the rising metabolic demand with controlled ventilation,
keeping discomfort manageable even as energy output peaks. The natural asymmetry of
short inhales and long exhales works in the user’s favor, maintaining stability under load.

4.3 Cool-Down and Relaxation

As exercise intensity falls, breathing should slow to one breath every 4 IsoTone cycles, or
about 12 breaths per minute. Inhalation remains diaphragmatic but more relaxed,

while exhalation is extended to promote parasympathetic activation. This shift aids
circulation, reduces heart rate, and helps clear metabolic byproducts.

Exhaling becomes a tool of relaxation as much as ventilation, again reflecting the natural
breathing asymmetry that favors longer exhalation.

5. Practical Summary: Breathing Patterns Across Phases

The table below provides both the technical metrics (IsoTone cycles per breath and average
breathing rate in breaths per minute) and a plain-language description of the optimal
strategy. Each row corresponds to one phase of an IsoTone exercise session.

Practical cues are included so that users can easily recall the correct rhythm without
needing to count cycles or calculate rates.

This summary helps athletes, therapists, and everyday users quickly connect the
physiological principles with real-world practice.

Phase IsoTone Breathing Rate Strategy
Cycles per (breaths/min)
Breath
Warm-up 3 15 Short inhale on squeeze, longer
steady exhale on expand
Steady-state 2 22 Fast inhale on squeeze, prolonged
exhale on expand
Cool-down 4 12 Gentle inhale on squeeze, extended
calming exhale on expand




6. Guidance for Application

All groups—athletes, sports professionals, physical therapists, and regular IsoTone users—
should synchronize breathing with IsoTone cycles. The key is to avoid erratic respiration
and maintain the balance between rapid, powerful inhalation during the squeeze and
prolonged, controlled exhalation during expansion.

Instead of trying to count exact cycles per breath, users should focus on the natural rhythm:
quick inhale on squeeze, slower exhale on expand.

This pattern is intuitive, matches the body’s physiology, and reflects the natural asymmetry
of breathing. Trainers and therapists should reinforce this simple pairing, using phrases
such as “in on squeeze, out on expand” to help users maintain rhythm without confusion.

Conclusions

Breathing is not secondary but central to exercise performance. In IsoTone training,
synchronizing rapid inhalation during the squeeze with prolonged exhalation during
expansion provides the most efficient 0,-CO, balance.

The optimized cycle ratios of 3:2:4 across warm-up, steady-state, and cool-down phases
reduce discomfort while sustaining energy output. The natural asymmetry of breathing —
faster, shorter inhales and slower, longer exhales — supports this balance, making the
pattern both effective and easy to follow.

This breathing strategy can be applied in fitness, sports, therapy, and everyday IsoTone use
to improve performance, minimize discomfort, and enhance the overall benefits of training.



