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Breathing is unquestionably a key function of the human body; it sustains life by providing oxygen
needed for metabolism and removing the by-product of these reactions, carbon dioxide. Breathing,
however, has other functions apart from the ventilation of air and the maintenance of oxygen and carbon
dioxide. Breathing affects motor control and postural stability and plays several roles in physiological and
psychological regulation. Breathing can inﬂuence homeostatic functions in other system including the
autonomic nervous system, the circulatory system, chemical regulation and metabolism.
Breathing becomes dysfunctional when the person is unable to breathe efﬁciently or when breathing
is inappropriate, unhelpful or inefﬁcient in responding to environmental conditions and the changing
needs of the individual.
Impairment of the functions of breathing affects people’s lives, challenging homeostasis, creating
symptoms and compromising health. The efﬁciency with which breathing fulﬁlls its various functions
can be diminished because of musculo-skeletal dysfunction, disease, chronic psychological stress or
other factors that affect respiratory drive and respiratory control. The neurological control of breathing
shows high levels of neuroplasticity as shown by its ability to adapt to a wide range of internal and
external conditions.
Breathing therapy generally aims to either correct dysfunctions of breathing or enhance its functions.
Breathing, unlike most physiological functions, can be controlled voluntarily and it can serve as an entry
point for physiological and psychological regulation.
Ó 2009 Elsevier Ltd. All rights reserved.
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1. The functions and dysfunctions of breathing
There is a developing interest in impact of dysfunctional
breathing in common conditions such as asthma, chronic back and
neck pain, postural stability, cardiovascular disease, anxiety and
depression. Also breathing therapies are being increasingly used as
components of treatment strategies for these conditions. Osteopaths have long recognized that breathing is a commonly disturbed
function in the body, which if not addressed has far reaching effects
on structure and function.1 Others have also argued that while
dysfunctional breathing (DB) is common, it is often overlooked and
when untreated results in unnecessary suffering.2–7 The prevalence
rate of DB in the general population has been suggested to be as
high as 5–11% in the general population2,8,9 around 30% in asthmatics10 and up to 83% in anxiety sufferers.11
Understanding the true prevalence of dysfunctional breathing
(DB) and its impact on health is difﬁcult because the parameters
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of DB are not clearly deﬁned. Clinicians and breathing therapists
argue about the perimeters of DB and its deﬁnition and the
correct approaches to use in its clinical assessment. A practical
approach to DB that has heuristic value is to deﬁne it as
breathing which is unable to perform its various functions efﬁciently and is inappropriate for the needs of the individual at
that time.
To evaluate the signiﬁcance of breathing dysfunctions in health
and to develop and reﬁne the use of breathing therapy require
further understanding of the functions and dysfunctions of
breathing. This article explores some of the key functions of
breathing and discusses the multi faceted nature of breathing
dysfunctions and some of their consequences on mental and
physical processes.

1.1. The respiratory pump and the movement of air
The 21,000 breaths per day taken by the average person come
about as the breathing muscles attached to the chest wall act to
change its shape. As dimensions and form of the chest wall are
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altered, resulting changes in pressure within the intrapleural and
alveolar spaces drive the movement of air.12
In its normal relaxed state the 2 compartments of the chest wall,
the rib cage or thorax and the abdomen, create an effective respiratory pump which moves in response to co-ordinated actions
created by the diaphragm, scalenes, intercostals, abdominals and
accessory muscles of respiration.13,14 However under particular
circumstances this co-ordinated action is lost.
This pump becomes impaired and or distorted in various
diseases such as kyphoscoliosis, neuromuscular diseases, obesity,
emphysema and asthma.14 Its function can also change in response
to psychological stress.15–17 The changes in breathing pattern that
occur in response to psychological states or various disease states
may be appropriate responses to increased ventilatory or metabolic
needs or helpful compensations for pathology. Inappropriate habits
of muscle use may however be retained after the psychological,
physiological or environmental conditions that initiated their
development have passed. In this case they are dysfunctional and
can complicate disease conditions and increase symptoms.
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2. Dysfunctions of the biomechanics of breathing

scalenes, sternomastoid, upper trapezius and other anterior neck
muscles such as hyoid and long colli increase their activity.19,23,24
This results in increased vertical motion of the rib cage and elevation
of the shoulders during the inspiratory phase of breathing.
A tendency to carry the head forward of the body with anterior
rotation of the cranial base is a postural change commonly associated
with breathing difﬁculty. Forward head posture is a well-known
response to obstructed breathing and is common in children with
chronic nasal allergy and mouth breathing because this head
position opens the upper airways. Forward head posture can also
indicate the presence of short ﬂat diaphragm and weak abdominals
due to the fact that positioning the head in front of the body increases
the resting length of diaphragm.19,25 This head posture while facilitating breathing has several adverse effects on the biomechanics of
the head, neck and jaw and is associated with temporal mandibular
joint syndrome, neck pain and headache.19
Shoulder problems may also result because hypertonic trapezius
muscles contract during the initial stages of shoulder movement
rather than towards the end.25 This altered pattern of scapulo
humeral motion is associated with shoulder pain and rotator cuff
dysfunction.

2.1. The diaphragm

3. Factors affecting efﬁciency of biomechanics of breathing

The diaphragm is the key to the function of other respiratory
muscles and the primary driver of respiration. If the diaphragm is
dysfunctional then the other respiratory muscles will change their
function, often becoming overloaded. The normal phasic respiratory action of this large domed shaped muscle is to descent and
ﬂatten during inhalation, lifting and widening the lower 6 ribs. In
most cases this action is accompanied by slight anterior motion of
the abdomen. When the diaphragm is functioning normally,
forward displacement of the abdomen is accompanied by lateral
expansion and elevation of the lower 6 ribs. The extent of contribution from abdominal or lower rib cage motion can vary and still
remain functional. The abdomen can displace anteriorly during
inhalation or not move at all.18 Decreased anterior motion of the
abdomen can be compensated by more expansion in the lateral rib
cage and vice versa enabling the decreases in intra thoracic pressure necessary for inspiratory airﬂow through a combination of
abdominal and lower rib action.14

3.1. Hyperinﬂation and lung volumes

Typically in the case of a dysfunctional diaphragm the abdominal muscles will alter their pattern of respiratory activity.14,18,19
Paradoxical or asynchronous motion of abdomen, where the
dimensions of the abdomen decrease during inspiration can be
a sign of diaphragm dysfunction, weakness or paralysis.18,20,21
However paradoxical inward motion of the abdomen during
inspiration is not always dysfunctional. In fact inward abdominal
motion during inspiration can be a normal and functional response
to increased lung volume, physical activity, rapid respiratory
maneuvers or standing posture that maintains abdominal pressure
and helps the diaphragm to maintain a more ideal length and
curvature.21,22 During inhalation, paradoxical breathing is clearly
dysfunctional when it is not adequately compensated by lateral
motion of the rib cage and it is observed that the lower rib cage
narrows instead of widening during inspiration.22

End expiratory lung volume is an important inﬂuence on the
power of the diaphragm affecting its ability to act efﬁciently on the
rib cage. Conditions like COPD, asthma and other conditions associated with increased inspiratory drive and inefﬁcient expiration
can lead to trapping of air in the lungs or hyperinﬂation. When this
occurs the diaphragm becomes shorter and loses its curvature, as it
is forced to take a lower resting position in the thorax. This shortening of the diaphragm ﬁbers decreases the power and efﬁciency of
the diaphragm due to the laws of length, tension relationships
which apply to all contracting muscles.26 It is also associated with
loss of the curvature or doming of the diaphragm and a reduction of
the zone of apposition. In this case the diaphragm ﬁbers, which are
attached to the lower 6 ribs, become orientated transversely rather
than vertically. When the diaphragm contracts, it is ineffective in
lifting and widen the lower rib cage. Instead there is a tendency for
the diaphragm to pull the rib the lower lateral rib cage inward,
decreasing the transverse diameter of the lower rib cage during
inhalation.14,27,28
The more lung volume increases, the more the zone of apposition is reduced. When the lungs are at 30% of inspiratory capacity
the costal diaphragm no longer expands the rib cage, and above 30%
inspiratory capacity the costal diaphragm has a rib cage deﬂating
action. At enlarged volumes there is also a tendency for the motion
of the abdomen to reverse its timing so that inspiration is accompanied by inward motion of the abdomen and expiration is
accompanied by outward motion of the abdomen.21
Reducing lung volumes can improve the function of the diaphragm. This is clearly demonstrated in COPD patients who experience reductions in lung volume after undertaking surgery to
remove sections of their lungs. Lung reduction surgery has been
shown in several studies to improve neuromechanical coupling of
the diaphragm and individuals who receive this surgery consistently report increased exercise tolerance and reduced symptoms
of dyspnea.29–31

2.3. Upper body muscle dysfunctions

3.2. Abdominal weakness

In the case of increased ventilatory demand or when breathing is
inefﬁcient the respiratory muscles of the upper rib cage, such as the

Abdominal muscle weakness aggravates diaphragm dysfunction.1,19 Both tonic and phasic contraction of abdominal muscles

2.2. Asynchronous and paradoxical motion between rib cage
and abdomen
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assist the function of the diaphragm during inspiration and expiration and can to some extent compensate for diaphragm
dysfunction.22,26,32 Contraction of the abdomen during inspiration
prevents the diaphragm from shortening excessively during
standing posture and during rapid and large volume respiratory
maneuvers.22,33 During expiration contraction of the abdomen
assists diaphragm doming, increasing its length and curvature in
preparation for effective contraction during inspiration. People
with dysfunctional diaphragms, such as many individuals with
COPD, can become more breathless and develop more abnormal
breathing if tonic contraction of the abdomen is reduced.34 On the
other hand, increasing abdominal tone artiﬁcially using abdominal
binding can assist these individuals.
3.3. Rib cage stiffness
During hyperinﬂation the ribs shift from their normal oblique
position to a more horizontal position, impairing inspiratory action
of rib cage muscles and making the rib cage stiff and difﬁcult to
expand.35 Restrictions of the rib cage then further inhibit diaphragm function.36
3.4. Respiratory drive
When respiratory control centres in the brain receive messages
from the cortex, limbic system, chemoreceptors or mechanoreceptors that ventilation is inadequate, the respiratory muscles
adjust their functions to increase ventilation. If respiration is
stimulated for prolonged periods, the diaphragm and accessory
muscles of breathing may become chronically hypertonic.13,21,37
Typical changes in breathing pattern that reﬂect increased respiratory drive include, upper chest breathing with decreased lateral
expansion of the lower rib cage and tendency to asynchronous and
paradoxical breathing.
Disease processes can increase ventilatory needs, stimulate
respiratory drive and alter respiratory control often creating characteristic changes in breathing pattern. This is seen in respiratory
conditions such as asthma and COPD and in heart disease.38–40
Psychological and emotional states also alter respiratory control
and respiratory rhythm generation.41–44 Subsequently changes in
breathing pattern which can be dysfunctional are very common in
people with respiratory and cardiovascular disease and under
psychological stress.
4. Breathing in postural and motor control
The use of breathing muscles during respiration affects how
these muscles are used for non-breathing movement and for
postural support. Muscles such as the diaphragm, transverse
abdominus and pelvic ﬂoor muscles are important for motor
control and postural support as well as for breathing. If their
function is compromised there is an increased susceptibility to back
pain and injury.45–48 The respiratory functions of these muscles
need to be integrated with their many other functions, such as
swallowing, speech, valsalva maneuvers, spinal stabilisation and
movement of the trunk and limbs. This need for integration of often
unrelated functions places considerable demands on mechanism of
motor control.49,50
In situations where respiratory drive is increased such as stress,
disease or physical exercise, the ability of the respiratory muscles to
perform their postural tasks is reduced. Interestingly the presence
of respiratory disease is a stronger predictor for lower back pain
than other established risk factors.51 A study by McGill showed that
artiﬁcially stimulated respiration led to decreased support of the
spine during a load challenge.52 Hodges in a subsequent study

showed that the postural functions of the diaphragm were significantly reduced and in some cases abolished when respiration was
stimulated.53
Respiratory muscles that are responding to increased respiratory drive due to stress or disease produce different breathing
patterns to those seen in normal subjects.33,54 The respiratory
muscles in these situations can become shortened or hypertonic
and subsequently less powerful and less efﬁcient.26 They also lose
their normal co-ordinated function and one would expect this to
result in increased demands on motor control mechanisms. These
factors compromise the ability of respiratory muscles to create the
ﬁne tuning adjustment required for postural support. The relationship between dysfunctional breathing and postural stability,
motor control and back pain has not been studied extensively
however clinical observation supports the notion that patients with
poor breathing muscle co-ordination are more prone to chronic
back pain and neck pain.56,57
5. Biomechanical inﬂuences on hemodynamics
and the lymphatic system
A functional respiratory pump creates rhythmic pressure ﬂuctuations between the thorax and the abdomen that are important
for the movement of body ﬂuids such as blood and lymph. Normal
pressure development during the respiratory cycle is characterized
by a decrease in intra thoracic pressure during inhalation and an
increase in intra abdominal pressure during expiration.58,59 Paradoxical motion of the abdomen and dysfunction of the diaphragm
alters normal pressure relationships between the thoracic and
abdominal compartment during inspiration and expiration. In
paradoxical motion of the abdomen during inspiration, abdominal
pressures can decrease rather increase during inspiration.21
Osteopaths have long considered that restoration of lymphatic
function and treatment of oedema and infection was related to
proper function of the diaphragm, rib cage and abdomen.1,60,61
Miller, one of the early Osteopathic developers of manual pump
techniques for lymphatic drainage, noted that thoracic and
abdominal pump techniques were exaggerations of respiratory
movements.62
Respiration is one of the important extrinsic inﬂuences on
lymphatic ﬂow, interacting with intrinsic motility of lymph vessels
and organs to either enhance or dampen their activity.63 The
pressure differentials created by respiration create ﬂuctuations in
central venous pressure which directly affect lymph drainage from
the lungs and abdomen64,65 and affect transmural pressure in
lymphatic vessels which modulate the function of intrinisic pacemakers in the lymphatic system. Recent research also shows that
the lymphatics in the diaphragm itself form a specialised system for
draining ﬂuid from the peritoneal cavity and returning it to the
vascular system.66 This suggests that breathing patterns which
alter normal respiratory pressure dynamics have detrimental effect
on the function of the cardiovascular and lymphatic systems.
6. The role of breathing in physiological regulation
Breathing also affects physiological regulation because of its
ability to entrain respiratory oscillations to oscillations in other
systems and its role in maintaining homestasis of oxygen, carbon
dioxide and pH.
7. Oxygen, carbon dioxide and pH
Breathing, by exchanging carbon dioxide (CO2) for oxygen (O2),
controls the fundamental gaseous fuels of life’s energy and assists
in maintaining optimal conditions for the biochemical aspect of the
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internal milieu. Oxygen concentrations are generally well maintained by anyone who does not have severe pathology of the lungs,
heart or central nervous system. Functional breathing disorders do
not generally affect O2 however even relatively healthy people can
over breathe sufﬁciently to become depleted in CO2.
Low CO2 levels can develop quickly because of the very high
solubility of CO2 (twenty times more soluble than oxygen). Its
ease of excretion means that increased ventilation resulting from
non-metabolic stimuli, for example stress, anxiety or increase
sensations of dyspnea, can result in depletion of CO2. Breathing in
excess of metabolic demands is called hyperventilation. The
effects of hyperventilation and carbon dioxide depletion are far
reaching and include inhibiting the dissociation of oxygen from
hemoglobin in the blood, resulting in low oxygen concentration in
tissues. The effects on the brain and the nervous system of
hypocapnia are particularly pronounced and include reduced
cerebral blood ﬂow and increased neuronal excitability. Regulation of cerebro spinal ﬂuid pressure, intracellular pH and cellular
metabolism are impaired. Hypocapnia produces bronchoconstriction in the lungs and vasoconstriction in the blood vessels.
Blood pressure, myocardial contractility and cardiac blood ﬂow
can also be adversely affected as can pH regulation and electrolyte
balance.67,68
8. Hyperventilation and hypocapnia
Given the large number of physiological effects of hypocapnia it
is not surprising that until the 1990s scientiﬁc literature primarily
linked breathing dysfunction with hyperventilation syndrome
(HVS). The diagnosis of HVS was generally made on ﬁnding an
assortment of symptoms believed to be caused by either acute or
chronic hypocapnia or the consequences of respiratory
alkalosis.2,5,70
8.1. History of hyperventilation syndrome
Since the beginning of the nineteenth century it has been
known that symptoms such as numbness, dizziness, muscle
hypertonicity and tingling sensations could be brought on by
overbreathing71 and that these symptoms could be attributed to
hypocapnia and respiratory alkalosis.72 The idea of a hyperventilation syndrome characterized by a larger number of psychological
and somatic symptoms that could be related to either acute or
chronic hyperventilation began to develop after Kerr reported his
ﬁndings on the effects of hyperventilation challenge on 35 patients
with unexplained symptom. His patients were able to reproduce
their symptoms by voluntary and prolonged hyperventilation.3 The
name Hyperventilation Syndrome began to be used at around this
time and was considered to exist mostly in neurotic patients and to
be a relatively rare condition.4 The range of symptoms attributed to
Hyperventilation Syndrome gradually increased until a large
number of symptoms of central and peripheral neurovascular,
muscular, respiratory, cardiac, gastrointestinal origin were attributed to this syndrome.6 Dr. Claude Lum diagnosed 700 patients
with medically unexplained symptoms such as palpitations
including chest pain, dizziness, parasthesia, breathlessness,
epigastric pain, muscle pain, tremor, tetany, dysphagia, tension and
anxiety as suffering from hyperventilation syndrome. The diagnosis
seemed to be conﬁrmed when the majority of these patients
recovered from most of their symptoms after 7 weeks of intensive
breathing training.2 Later studies such as those by Han, however,
were to show that individuals with the symptoms generally
attributed to HVS who received beneﬁt from breathing retraining
did not necessarily improve because of changes in their carbon
dioxide levels.73
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8.2. Doubts about the role of chronic hypocapnia
in hyperventilation syndrome
From the late 1980s scientists began to question the role of
chronic hypocapnia in HVS. Symptoms which were produced by
voluntary hyperventilation were assumed to be elicited by acute
hypocapnia, but on closer investigation could not always be
consistently linked with chronic carbon dioxide deﬁcit. Howell
measured PCO2 levels in 31 patients with disproportionate
breathlessness and other symptoms of hyperventilation and found
that they had mostly normal levels of carbon dioxide.74 Han in
comparing 399 symptomatic hyperventilators with 347 normals
found no difference in ETCO2.75 In a major review of hyperventilation Hardonk and Beumer found in their own and other studies
that ETCO2 levels were not signiﬁcantly different in symptomatic or
normal controls when measured in the laboratory. By the mid
1990s Gardener in a review of HVS described the ‘‘ uncertainty and
lack of consensus about the boundaries and even existence of this
syndrome’’. He reported that patients could have low carbon
dioxide but no symptoms, while other people could have relatively
normal carbon dioxide levels but still exhibit the symptoms of
HVS.76
Acute hypocapnia can be induced by the hyperventilation
provocation test (HVPT) and the onset of symptoms in HVS patients
after performing the HVPT was believed to be due to the acute
hypocapnia produced by this voluntary overbreathing.77 A debilitating and almost fatal blow to the hyperventilation syndrome
came from Hornsveld and Garssen whose research appeared to
indicate that acute hypocapnia was not the mechanism of the gold
standard of HVS diagnosis, the HVPT. In their study 115 patients
believed to have HVS were given the Hyperventilation Provocation
Test (HVPT). 74% of their subjects were positive on the test and
reported the onset of their symptoms after hyperventilation.
However 65% of these responders were also positive on a placebo
test, during which CO2 levels were kept stable through manual
titration. A second stage of this study, involving transcutaneous
monitoring of CO2 levels of patients in their daily lives, showed that
patients suffering from attacks of the HVS symptoms suffered only
a very slight drop in CO2 levels at the onset of their symptoms and
this usually followed rather than preceded the onset of symptoms.78 As their study, and others, found that neither chronic or
acute deﬁciency of CO2 could be experimentally linked to HVS these
authors recommended that the term hyperventilation syndrome be
discontinued.8 In recognition of the fact that causes of breathing
related symptoms were unclear and often associated with
psychological disturbance, researchers proposed that the term
hyperventilation syndrome be replaced with behavioral breathlessness74 or unexplained breathing disorder (UBD) or chronic
symptomatic hyperventilation.79 Subsequently the term hyperventilation syndrome is used infrequently and the terms dysfunctional breathing10 breathing pattern disorder80 have become more
common.
However the door on hyperventilation and hypocapnia may
have been shut prematurely. Hypocapnia may not be the prime
suspect in HVS symptoms but an accomplice whose contribution
varies according to individual susceptibility and exact symptoms.
Recent studies indicate that carbon dioxide functions as one
contributing factor to symptoms and its inﬂuence is probably
moderated by neurological and other factors that inﬂuence
symptom perception.81 Not all symptoms of HVS appear to be
equally related to carbon dioxide levels, a greater relationship
exists for neurovascular symptoms than for uncomfortable respiratory sensations.82
The physiological effects of hypocapnia have been too well
documented to be irrelevant.67,68 Modern day researchers need to
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interpret the ﬁnding of Hornsveld et al. while still keeping in mind
Haldanes experiments in 1908 which clearly shown that hyperventilation caused central and peripheral neurovascular symptoms
of dizziness, sensations of numbness and tingling and tetany in
healthy people and the long history of studies on symptomatic
individuals which repeatedly showed that voluntary acute hyperventilation caused the recurrence of patients primary and
secondary complaints which could not be explained in other
ways.70 Also worth remembering are the studies which demonstrated that administration of carbon dioxide either through rebreathing or by administration of CO2 enriched gas mixtures was
able to eliminate the symptoms of hyperventilation that either
came on spontaneously or were brought on by hyperventilation
provocation tests.4,5
Chronic hypocapnia when found can and should be normalised,
particularly in symptomatic individuals and individual responses to
acute hypocapnia. Clinical experience also suggests that the
hyperventilation provocation test may indeed be relevant to diagnosis and treatment if used in conjunction with other
investigations.
9. Breathing, homeostasis and oscillations
Breathing, by creating ﬂuctuations in the chemical composition
of the blood, circulation and vascular pressure and by its effects on
autonomic reﬂexes acts as an extrinsic inﬂuence on other oscillating physiological systems. Oscillations, which are deﬁned as
systematic rhythms in physiological variables, are found in most
living system including those of the human body. Oscillations in
single systems and synchronisation between oscillating systems
help physiological control systems to maintain homeostasis and
appropriate and rapid responsiveness to the continual changing
needs of the body. When oscillations of two or more systems are
synchronised it increases physiological efﬁciency by enabling the
functions of these systems to be co-ordinated. This prevents energy
being wasted on non productive functions.85,86 Cyclic activity also
allows systems to rest and renew themselves during cycles of
decreased activity.
One aspect of breathing functionality is the ability of breathing
oscillations to interact with oscillations in other physiological
systems in ways that optimise their functions. Breathing oscillations interact with oscillations of heart rate and blood pressure,87,88
the lymphatic system63 the digestive system,89,90 brain waves91 and
probably the rhythmic ﬂuctuations occurring in cellular metabolism.92 When respiratory oscillations entrain other oscillating
systems it can enhance the physiological function of both systems.
A well-known example is the phenomenon of respiratory sinus
arrhythmia (RSA), where heart rate variability is entrained to
respiratory frequencies. RSA improves the efﬁciency of gas
exchange by coupling increased heat rate to the inspiratory phase
of respiration.93
9.1. Breathing pattern dysfunctions and resonant frequencies
of breathing
Breathing can be consciously manipulated to increase its ability
to entrain other oscillations and increase physiological regulation.
When breathing frequency is slowed to between 4 and 6 breaths
per minute (0.06–0.1 Hz) oscillations in blood pressure, heart rate
and autonomic nervous system tend to synchronise at this
frequency and be ampliﬁed due to resonance effects between these
systems.94–96 These resonance effects between cardiorespiratory
oscillations and autonomic function are important for homeostasis
and maintenance of health as evidence by the fact that training the
bodies ability to increase them assists people with a range of

conditions including asthma, COPD, depression, hypertension and
irritable bowel syndrome.97–100 Individuals with paradoxical
breathing and thoracic dominant breathing have a decreased ability
to achieve resonance effects between oscillators (unpublished
data), indicating that dysfunctions of breathing pattern impair the
body’s ability to regulate itself through co-ordinating homeostatic
cardiorespiratory oscillations.
10. Breathing, stress, emotion and the autonomic
nervous system
Chronic emotional stress and increased mental load can alter
respiratory regulation in several ways: 1) with regard to drive; 2)
breathing pattern and timing; and 3) metabolic appropriateness of
the respiratory response.42
Breathing is particularly sensitive to states of hyperarousal,
during which signs of increased respiratory drive are evidence of
the body’s readiness for action. Hyperarousal brought on by mental
and emotional processes contributes to allostatic load and affects
the capacity of the body to maintain its stability and response to
change.101 Anticipation of coming physical and emotional events
has the distinct effect of increasing respiratory rate, reducing time
of exhalation and changing respiratory pattern.44,102 Breathing
irregularity is a common feature of patients with anxiety and panic
disorder, indicating dysregulation of normal breathing control
mechanisms in these individuals.75,103 Speciﬁc effects on the diaphragm are also seen. Fluroscopic studies show that in situations of
emotional stress, the diaphragm shows signs of hypertonicity
becoming ﬂattened and immobile.15,16
Breathing which is responding to feelings and thoughts,
rather than metabolic cues from chemoreceptors, may not be
aligned to the actual physical needs of the body or its metabolic
requirements.44,88 When mental and emotional factors such as
fear, grief, anxiety or depression drive breathing regulation,
homeostatic and biomechanical functions of breathing can be
disturbed.42,43 Emotions are drives to particular types of action
or expression. Repeatedly frustrated ability to act on strong
emotional drives can lead to physiologically and biomechanically
inappropriate breathing, tuned to the anticipation of action that
does not occur.
A fundamental survival function of increased respiratory drive
is to prepare the body for ﬁght and ﬂight. However homeostasis is
best served through the functions of the parasympathetic nervous
system, whose activity is associated with a relaxed, slow and
abdominal breathing pattern.104 Rapid, shallow and thoracic
dominant breathing with high levels of tonic contraction of
respiratory muscles as found in situations requiring high levels of
ventilation probably indicates a system that is having difﬁculty
returning to a state of rest. In this situation energy is wasted and
homeostatic functions needed for repair and renewal are
impaired.
Controlled respiration can help the system to return to a physiological rest state. It appears to act on the brain and the autonomic
nervous system, synchronising neural elements in the brain and
autonomic nervous system and creating a state of pycho-phsyiological coherence.105,106 The changes induced by controlled
breathing appear to order and regulate neurological function,
improving psychological and emotional states.107,108 The regulatory
effects of breathing on the autonomic nervous system have been
investigated from several perspectives. Several studies have shown
that in the short term controlled breathing can decrease sympathetic nervous system activity and increase parasympathetic
nervous system and with continued, regular practice can create
long term improvements in autonomic balance and increased vagal
tone.109–113
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11. Breathing as a therapeutic tool
There are a large number of breathing therapies utilizing a wide
range of techniques and several of these appear beneﬁcial. The
main rationales for breathing therapies are that they: 1) correct
some aspect of dysfunctional breathing; 2) support one or several
of the functions of breathing and thus stimulate healing; or 3)
provide a means for regulation of mental and emotional states. The
territory covered by breathing therapies is large covering a broad
area ranging over psychology, physiology, spirituality and biomechanics. The evidence for the ability of breathing therapies to
correct breathing dysfunctions and support the functions of
breathing is relatively sparse as research has tended to focus on
disease or psychological outcomes rather than investigating effects
on breathing parameters.
There are several breathing therapies that aim to correct
hyperventilation and restore normal carbon dioxide tension.
Breathing biofeedback using a capnometer to monitor end-tidal
carbon dioxide levels during breathing training is one approach to
treating hypocapnia. Biofeedback training that employs the use of
a capnometer aims at normalizing end-tidal CO2 at approximately
5%. There are various systems for capnometry biofeedback available
to the practitioner and in recent years these have become increasingly available.114,115 Other breathing therapists use no instrumentation and rely on a combination of slow controlled breathing,
breathing pattern correction and relaxation strategies.116,117 The
Buteyko Breathing Technique (BBT) is yet another technique whose
primary aim is the correction of acute and chronic hypocapnia. It
uses a unique set of breathing techniques in which breath holding is
combined with reduced volume breathing. BBT exercises aim to
increase carbon dioxde and reset chemoreceptor thresholds
however they may also be useful in reducing hyperinﬂation.118
The practice of controlled breathing as a means of self-regulation and restoration of mental and emotional balance is a part of
Indian and Taoist Yoga and is also in the domain of modern respiratory psychophysiology. Modulation of the breath and mindful
attention to the breath are important parts of many meditation
techniques.119 Ancient systems such as Indian Yoga pranayama and
the breathing techniques of Qi Gong teach that speciﬁc types of
breathing exercises can direct vital force or energy and through this
beneﬁt the health of the mind and body.120–123
Respiratory psycholphysiology uses a scientiﬁc approach to
understanding the physiological processes that link mental and
emotional states to breathing. Practitioners of respiratory psychophysiology utilize evidence based breathing techniques including
resonant frequency breathing to promote emotional self regulation
and to achieve efﬁcient physiological states that promote healing.95
Another interesting breathing therapy used mostly to enhance
athletic performance in athletes is Intermittent Hypoxic Training
(IHT).124 This therapy exposes individuals to carefully controlled
levels of hypoxia interspersed with rest periods during which they
breathe normal atmospheric air or oxygen enriched air. IHT has the
effect of enhancing adaptation to the speciﬁc stress of hypoxia but
also results in a general increase in stress tolerance. Other beneﬁts
of IHT include enhanced antioxidant capacity, improved metabolism and increased aerobic capacity. IHT is believed to enhance
mitochondrial function as it has been shown to increase the efﬁciency with which the body uses oxygen. In Russia IHT has been
studied extensively for over 30 years and is used to treat a large
number of diseases.125
There is a growing body of scientiﬁc evidence for the effectiveness of breathing therapies in a range of diseases including asthma,
heart disease, anxiety and depression, and they are being increasingly included in therapeutic protocols. Research into Buteyko
Breathing Techniques has focused on asthma and there have been at
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least ﬁve published clinical trials on BBT for this condition.126–132
These clinical trials indicate that people learning the Buteyko
Method are able to substantially reduce medication with no deterioration in their lung function or asthma control, although no
studies have demonstrated objective changes in lung function. The
quality of evidence of the Buteyko Method according to an Australian Department of Health report is stronger than any other
complementary medicine treatment of asthma.133 Recent studies
indicate that several other types of breathing therapies also help
asthma including resonant frequency breathing biofeedback,97
capnometry biofeedback134 and breathing rehabilitation.116,135
Breathing therapy has also been found to be very helpful for
cardiovascular disease. In a study comparing patients who received
standard cardiac rehabilitation with those receiving additional
training in breathing therapy after myocardial infarction (MI), it
was found that the breathing therapy group had about a 30%
decreased in cardiac events at 5 year follow-up.136 Another study
showed that exercise training in patients with MI was not always
successful in preventing future cardiac events, however the risk of
treatment failure was reduced by half when relaxation and
breathing training was added to exercise training.137 Other
breathing therapy based on yoga breathing was also found to
improve hemodynamics and various cardiorespiratory risk factors
in cardiac patients.138,139
The effectiveness of breathing therapies in psychological conditions and chronic stress has also been shown in several studies. In
major depression, both resonant frequency biofeedback and yoga
based breathing techniques appear to be effective.99,139,140 People
with anxiety and panic disorder also show beneﬁcial response to
capnometry and other breathing therapy protocols.73,141,142 The
effects of breathing on the autonomic nervous system have been
demonstrated in several studies on yoga pranayama. Regular and
prolonged practice of several brief breathing protocols combining
slow breathing, long breath retentions and nostril breathing have
the effect of increasing resetting autonomic balance and amplifying
parasympathetic nervous system function.109
This sampling of the literature on breathing dysfunction and
breathing therapies, while not exhaustive, strongly suggests that
breathing therapies have the potential to be of beneﬁt to patients
with many types of conditions. It appears that use of breathing
therapies is not proportional to the level of evidence supporting
their efﬁcacy. One reason for this may be the lack of coherent
models for explaining the mechanisms of breathing therapies.
Understanding of these mechanisms needs to be developed to
reﬁne and direct the use of breathing interventions. I propose that
there are likely to be a range of mechanisms for breathing therapies
and these should be sought within the various functions of
breathing and its dysfunctions.
Part two of this paper will elaborate on the role of breathing
dysfunction in various diseases and present some diverse
approaches to evaluation of various aspects of breathing
dysfunction.
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