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The Myth of 'Diaphragmatic Breathing":  Understanding the important Effects of Aging on 
Thoracic Muscle Changes, the Mechanics of Breathing and Vagal Modulation

As individuals age, we can experience a decline in respiratory muscle mass and strength, critically the 
intercostal and accessory muscles, not just the diaphragm. This process, often described as respiratory 
sarcopenia leads to reduced ventilatory capacity, diminished chest wall expansion, and associated 
increased morbidity and mortality risk (1-3).  Aging also alters chest wall mechanics, with increased 
stiffness and reduced rib mobility, further limiting the ability to take deep breaths. This is not an intrinsic 
pulmonary issue—it is a musculoskeletal and biomechanical problem of the thorax.

Loss of Thoracic Mobility and Intercostal Function

Deep inspiration depends on coordinated expansion of the thoracic cavity in three dimensions through the 
combined actions of the diaphragm, intercostal muscles, and accessory inspiratory muscles. This 
expansion occurs via (4-6):

• 'Pump-handle motion' – elevation of the upper ribs and sternum, increasing the anterior–posterior 
(AP) diameter of the thorax. 

• 'Bucket-handle motion' – elevation of the middle and lower ribs, increasing the transverse (lateral) 
diameter of the thorax. 

• Vertical expansion – descent of the diaphragm, increasing the superior–inferior (vertical) diameter 
of the thoracic cavity.

With advancing age, and particularly in the presence of sedentary behavior and reduced use of full 
inspiratory capacity, the musculoskeletal components of the respiratory system undergo structural and 
functional changes that limit thoracic expansion. These changes are driven by age-related tissue 
remodeling, reduced physical activity, and chronic patterns of shallow breathing, which diminish the 
mechanical loading required to maintain chest wall mobility and respiratory muscle performance (1-6).

Specifically:

• Intercostal muscles lose mass, strength, and flexibility. Similar to other skeletal muscles, the 
external and internal intercostal muscles undergo sarcopenia, characterized by reduced muscle 
fiber size and number, decreased contractile strength, and increased connective tissue infiltration. 
Reduced excursion through a full range of motion may further contribute to muscle shortening 
and decreased extensibility. 

• Rib mobility progressively decreases. The costovertebral, costotransverse, and sternocostal 
joints become less mobile because of cartilage calcification, degenerative joint changes, and 
stiffening of surrounding ligaments. These changes restrict both pump-handle (anterior–posterior) 
and bucket-handle (lateral) rib movements during inspiration. 

• The thoracic spine becomes stiffer. Degenerative changes in the intervertebral discs and facet 
joints, ligamentous stiffening, and the increased prevalence of thoracic kyphosis reduce spinal 
extension and rotation. Since normal rib motion is mechanically coupled to thoracic vertebral 
movement, reduced spinal mobility further limits chest wall expansion. 
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• Chest wall compliance declines. Chest wall compliance—the ease with which the thoracic cage 
expands in response to inspiratory muscle contraction—decreases with age because of 
increased stiffness of the rib cage, connective tissues, costal cartilages, and thoracic joints. As a 
result, greater inspiratory effort is required to achieve the same tidal volume, increasing the work 
of breathing. 

Collectively, these musculoskeletal adaptations reduce the ability of the thorax to expand in all three 
dimensions during inspiration. The result is a progressive loss of inspiratory depth, leading to shallow 
breathing patterns, reduced lung volumes, and decreased physiologic reserve as well as decreased 
ability to exhale with control and force (7-8).

Importantly, studies in both healthy and elderly populations show that deep breathing and volume-
oriented respiratory exercises increase chest wall volume through combined expansion of the upper ribs, 
lower ribs, and abdomen, not just the diaphragm (9-11). This reinforces that effective breathing is 
thoracoabdominal, not purely diaphragmatic. 

Reframing “Diaphragmatic Breathing”

The common instruction to “breathe with your diaphragm” is incomplete, over simplifying the 
biomechanics of normal inspiration and the necessary effort needed to maintain a healthy thoracic 
musculature. 

Normal physiologic breathing is better described as costo-diaphragmatic breathing, requiring:
• Diaphragmatic contraction, increasing the vertical dimension of the thoracic cavity
• External intercostal muscle activation, elevating the ribs and expanding the thorax in the anterior-

posterior and transverse planes
• Coordinated movement of the thoracic cage and chest wall

Evidence shows that coordinated breathing patterns involving both thoracic and abdominal components 
improve respiratory mechanics more effectively than isolating either alone, and dysfunction often arises 
when one system dominates (e.g., chest-only or abdomen-only breathing) (1), particularly in individuals 
with dysfunctional breathing patterns or reduced chest wall mobility (7, 8).

The label of “diaphragmatic breathing” implies training the entire thoracic system to expand but without 
complete instruction to actually do so. Accordingly, breathing instruction should encourage coordinated 
thoracic expansion rather than isolated abdominal movement. And, include active, controlled expiration to 
maintain thorax musculature and mobility. 

Deep Breathing as Thoracic Mobility Training

Deep breathing engaging all dimensions of the biomechanics of breath functions as a form of repetitive 
thoracic range-of-motion exercise:

• Expands intercostal spaces
• Maintains muscle length of intercostals and accessory muscles
• Improves chest wall compliance both with inspiration and expiration
• Preserves inspiratory capacity and ability to fully expire

Clinical rehabilitation studies demonstrate that (9-11):
• Respiratory muscle stretching improves chest expansion and mobility 
• Thoracic expansion exercises improve respiratory function and chest wall movement
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• Inspiratory muscle training in older adults can improve respiratory strength and function and 
• In patients with pulmonary or musculoskeletal disorders.

Maintaining regular thoracic movement - both inspiratory and expiratory (12) - is consistent with 
established principles of musculoskeletal conditioning and respiratory rehabilitation.

The Mechanical Component of Vagal Stimulation: Breathing and Autonomic Regulation

Slow deep breathing is well established to influence autonomic nervous system activity.

Controlled breathing can:

• Increase respiratory sinus arrhythmia; 
• Enhance baroreflex sensitivity; 
• Increase cardiac vagal modulation; 
• Reduce sympathetic nervous system activity. 

These effects are primarily mediated through cardiopulmonary reflexes, pulmonary stretch receptors, and 
interactions between respiration and cardiovascular control (13-17). Beyond autonomic physiology, there 
is an important mechanical dimension to vagal modulation.

During deep inspiration:
• The thoracic cavity expands
• Mediastinal structures shift
• The vagus nerve—coursing through the thorax—is subjected to mechanical elongation and 

deformation

While most literature emphasizes biochemical and reflexive vagal activation (e.g., via baroreflex and 
respiratory sinus arrhythmia), emerging perspectives support that mechanosensory input from thoracic 
expansion contributes to vagal signaling. The vagus nerve and its branches contain numerous 
mechanosensitive afferents within the lungs, airways, heart, and great vessels that respond to stretch and 
pressure (4, 5, 13-23).

This concept is supported indirectly by:

• Known vagal afferent sensitivity to mechanical stimuli in thoracic and visceral structures (19-22)
• Evidence that respiratory patterns altering thoracic dynamics influence autonomic output (4, 5, 

13, 14, 17, 20)

Thus, loss of thoracic expansion capacity may reduce not only ventilation, but also this mechanical vagal 
input.

Clinical Implications: Fundamental Neuromodulation of Vagal Tone Across the Lifespan

Age-related reductions in respiratory muscle strength, chest wall compliance, rib mobility, and thoracic 
spinal mobility with commensurate increased thoracic kyphosis (at any age) contribute to reduced 
inspiratory capacity and loss of thoracic mobility (1, 2, 6, 4, 14). With the associated loss of thoracic 
mobility vagal signaling from mechanosensory input will decrease as well. Hence, the most 
fundamental way to neuromodulate vagal tone is lost as well.
Regular deep breathing and thoracic expansion exercises may:

• Help maintain chest wall mobility; 
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• Preserve respiratory muscle function; 
• Improve inspiratory capacity; 
• Support autonomic regulation through established respiratory reflex pathways
• As well as biomechanosensory input

Rather than emphasizing "breathing into the belly," clinicians may obtain greater biomechanical benefit by 
encouraging coordinated expansion of the entire thorax.

Examples include:
• "Expand your ribs in all directions with the inhale."
• "Allow your sides and back to widen during inhalation." 
• Guide the breath to fill the abdomen, lower ribs and upper ribs.
• Exhale with intention, using all the muscles of the abdomen and thorax.
• Use an image of a bellows fulling expanding and actively compressing air out.

Encourage:
• Lateral rib expansion
• Posterior thoracic movement
• Full 360-degree breathing
• Controlled breath with both inhalation and exhalation

This approach promotes three-dimensional (360-degree) thoracic expansion and contraction, engaging 
the diaphragm, intercostal muscles, and accessory inspiratory muscles throughout the complete 
respiratory cycle. Beyond basic breathing instruction, voluntary breath control can be further refined 
through structured training, such as respiratory muscle training and slowed deep breathing exercises 
used by athletes, yogic breathing (pranayama) or deep divers. These approaches have been shown to 
improve respiratory muscle performance, ventilatory efficiency, breath control, and, in the case of slow 
controlled breathing and specific pranayama techniques, enhance cardiac vagal modulation and 
autonomic regulation (24-27).

The most fundamental way to modulate vagal tone across the lifespan is controlled, slow, deep breathing.
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