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Background: Breathing pattern disorders (BPDs), historically known as hyperventilation syndrome, are
being increasingly recognized as an entity of their own. Breathing patterns reflect the functioning of the
respiratory system and the biomechanical system as well as the cognitive state.

Clinical relevance: It is essential, therefore, that physiotherapists from all areas of specialty consider the
assessment and treatment of a patient’s breathing pattern. New literature is emerging which underpins the
relevance of BPD in patients with lung disease, anxiety, and also in the comparatively new area of sport
performance. Physiotherapists are well placed to treat people with disordered breathing because of their
clinical skills and comprehensive knowledge base. Current treatment is briefly reviewed in this paper, and
trends for future treatment are also addressed.

Conclusion: The potential for improving the patient’s state, by optimizing their breathing pattern in all their
activities, is an important development in physiotherapy. It is a developing area of knowledge which is

pertinent to physiotherapy practice as it develops in a biopsychosocial model.
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Introduction
Breathing is a central aspect of our whole being and is
one of our most vital functions. A disordered breathing
pattern can be the first sign that all is not well, whether
it be a mechanical, physiological or psychological
dysfunction. It is essential, therefore, that breathing is
considered in all physiotherapy assessments.
Breathing practices historically span many centu-
ries, philosophies and cultures. Since the turn of the
century, Western medicine has been acknowledging
the role of the breath in wellbeing,'> and more
recently research has been critically evaluating the
role of the breath in both wellness and illness.* ® The
concept of dysfunctional breathing, or breathing
pattern disorders (BPDs) has developed, to describe
the presentation of a poor breathing pattern that
produces symptoms.” Defining BPD is an evolving
process, and various disciplines are providing unique
perspectives which give a multi-dimensional under-
standing of the multi-faceted function that is breath-
ing.** Research is providing new knowledge which
underpins the comprehensive role physiotherapy can
provide in optimizing the breathing pattern, redu-
cing/eliminating symptoms and facilitating well-
being.'®'> To date the physiotherapy literature on
the topic of breathing pattern disorders and breathing
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re-education is sparse. Breathing pattern disorders
are fast becoming recognized within the speciality
area of musculoskeletal and sports physiotherapy'!
and private practice,'® whilst still having a significant
role in the more likely areas of lung disease®® and of
anxiety.”'*

A Developing Understanding of Breathing
Pattern Disorders

The symptoms of BPD first appeared in medical
literature in 1871 when DaCosta,' noted a set of
symptoms predominately in American civil war soldiers
that were similar to those of heart disease: fatigue upon
exertion, palpitations, sweating, chest pain and a
disabling shortness of breath. DaCosta’s syndrome
became known as Soldier’s Heart (chest pain).'> As
early as 1876 the suggestion of a mechanical origin was
considered. Surgeon Arthur Davy attributed the
symptoms to military drill where ‘over-expanding’ the
chest caused dilatation of the heart, and so induced
irritability.'®

Haldane and Poultons® produced a paper linking
the symptoms to overbreathing. This gained further
support when Solely and Shock® reported that
symptoms could be relieved by increasing partial
pressure of carbon dioxide (CO,), reinforcing an
underlying respiratory disorder as the cause. It was
the discovery of the role of hypocapnia in hyperven-
tilation syndrome (HVS), which placed it firmly in the
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medical, biological framework, and subsequently,
research has focused on the phenomena of hyperven-
tilation, hypocapnia and symptoms.'”'°

The term ‘hyperventilation’ was first used by Kerr
et al. '8 and has been frequently used since this time,
and more recently defined as, ‘breathing in excess of
metabolic demands, resulting in hypocapnia’.?®*!
Although the syndrome was given various names,
the term inferred an anxiety state concurrent with
cardiovascular and emotional symptoms, hence
patients were considered neurotic and their condition
not appropriate for serious medical consideration.?
More recent psychology literature, however, focuses
on the symptoms relating to a broad range of
psychological influences on breathing, including
anticipation, suppressed emotion, association and
conditioned responses.”>>* Another recent develop-
ment is the significance of the musculo-skeletal aspect
of breathing patterns. Chaitow® suggests that func-
tion and structure are so closely interconnected, that
change in one aspect will lead to change in the other.
He cites structural inadequacies, such as poor
posture, as key factors causing BPD.

All these aspects of BPD are succinctly summar-
ized by van Dixhoorn* who described breathing as
having three functions, namely (1) gas exchange and
respiratory function — and with this the commu-
nicative properties of smell and speech, (2) muscu-
loskeletal movement — including moving body fluids,
enhancing organ function, and maintaining musculo-
skeletal mobility and trunk stability, and (3) con-
necting conscious awareness with the state of the
body.

Definition of Breathing Pattern Disorders

BPD is a complex syndrome, and a concise definition
is evasive.”® Gardner?’ questions whether HVS is an
appropriate term when it is the underlying cause of the
hyperventilation that needs diagnosis. He also suggests
that low arterial pressure of carbon dioxide (Pa CO»)
may not necessarily be pathological and therefore
indicative of HVS. Other authors have noted symp-
toms may occur without hypocapnia, suggesting there
are other mechanisms involved.*?%% Vickery'! refers
to breathing patterns disorders as long term abnormal
respiratory mechanics. Also, BPD is a distinct
syndrome, that is, BPDs are not an inevitable result
of pathologic changes due to illness/disease."”
Discussion at an international level as well as a local
level has failed to provide a succinct definition which
all parties support.*

A working definition by Rowley’ based on the
above perspectives, defines BPD as ‘Inappropriate
breathing which is persistent enough to cause symp-
toms, with no apparent organic cause’. Symptoms may
not interrupt daily life but may impact on specific
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tasks, e.g. elite athletes and their performance, singers
and voice production, or the child playing Saturday
morning sport.

Mechanisms Underlying Breathing Pattern
Disorders

The mechanisms underlying disordered breathing
involve physiological, psychological and biomecha-
nical components, and these cannot be completely
separated.”’ At a physiological level, hyperventilation
has been thought to be driven by central and
peripheral chemoreceptors, and cortical drive.'®3!:2
Physiologically every cell in the body requires oxygen
to survive yet the body’s need to rid itself of carbon
dioxide is the most important stimulus for breathing
in a healthy person. CO, is the most potent chemical
affecting respiration.*?

Hyperventilation results in altered (CO,) levels,
and this is most commonly seen as lowered end tidal
CO, (PET CO,), or fluctuating CO, levels, and a
slower return to normal CO, levels.** The exact
mechanism by which CO, influences BPD symptoms
remains under debate.””*> Research into levels of
CO, in the HVS/BPD population has produced
disparate results, therefore it may be that the effect
of hypocapnia appears highly dependent on the
individual.*'

Common understanding is that the resulting
respiratory alkalosis creates a state of sympathetic
dominance, which invokes a ‘fright-flight’ response
throughout the body. This includes heightened
psychological and neuronal arousal, which leads to
increased muscle tone, parasthesia and altered rate
and depth of breathing.*®” Respiratory alkalosis
also affects hemoglobin uptake of oxygen (O,),
coronary artery constriction and cerebral blood
flow.*® These changes in physiological, psychological,
and neuronal states affect the musculo-skeletal
system.

Musculo-skeletal imbalances may exist, as a result
or as a pre-existing contributing factor, and this can
be seen in areas such as loss of thoracic cage
compliance, constant overuse and tension in the
accessory respiratory muscles, and dysfunctional
postures. These may impede normal movement of
the chest wall, and exacerbate poor diaphragmatic
descent.® The inefficient respiratory pattern and the
increased sympathetic drive contribute further to
muscle pain and fatigue, as well as psychological
traits such as anxiety.®

Psychological factors both influence and are
influenced by breathing patterns.*’ Ley states breath-
ing should be examined as an independent variable
affecting the psychological process. For example
Ley*! calls dyspnoea a ‘harbinger of suffocation’
and believes that it is the fear of the dyspnoea that



plays a major factor in panic attacks. Anxiety is the
commonest factor thought to influence breathing,
and it has been noted to cause increased inspiratory
flow rate, breathing to become faster and shallower,
and/or involve breath holding.** Subjects with
BPD have been observed to have higher anxiety
levels than the normal population.** Tasks involving
prolonged or intense concentration have also been
shown to alter breathing patterns.**

Aetiological Factors in Breathing Pattern
Disorders

There is an extensive, perhaps exhaustive list of
factors thought to trigger disordered breathing. The
broad range of triggers is due to both the variable
nature of BPD, and the variation in an individual’s
response to environmental and psychological factors.
Factors that initially cause a BPD may be different
from the factors that perpetuate it.>® Once a pattern is
established, however,?'** the breathing pattern dis-
order becomes habituated, and thus a disorder of its
own."”

Table 1 shows a list produced from a range of
sources, 5-18-21:23.32.38.46-49

Common Symptoms of Breathing Pattern
Disorders

The symptoms most commonly reported are respira-
tory. These include dyspnoea, frequent yawning and
sighing, unable to get a deep enough breath, and ‘air
hunger’.>® The irregularity of the breathing pattern is
a common feature, and ironically breathing may
appear normal at times, which makes diagnosis and
observation difficult.’! Other common symptoms are
dizziness, chest pain, altered vision, feelings of
depersonalization and panic attacks, nausea and
reflux, general fatigue and difficulty concentrating.
A large range of neurological, psychological, gastro-
intestinal and musculoskeletal changes can occur,
and over 30 possible symptoms have been
described.” Assessment of BPD needs to consider
this range of manifestations.

Breathing Patterns

Faulty breathing patterns present differently, depend-
ing on the individual. Some patients are more
inclined to mental distress, fear, anxiety and co-
existing loss of self-confidence. Others may exhibit
musculoskeletal and more physical symptoms such as
neck and shoulder problems, chronic pain and
fatigue. Many are a combination of both mental
and physical factors.”® The key focus of this paper is
the musculo-skeletal aspect of BPD. Lung disease
and anxiety will be covered, but to a lesser degree as
these have been covered in previous physiotherapy
literature reviews.
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Breathing patterns and the musculo-skeletal
implications
‘If breathing is not normalized no other movement
pattern can be’.>*>
Respiration and stability
Respiratory mechanics play a key role in both
posture and spinal stability. Research by Hodges
et al>*>% examines the relationship between trunk
stability and low back pain. It supports the vital role
the diaphragm plays with respect to truck stability
and locomotor control. The diaphragm has the
ability to perform the dual role of respiration and
postural stability. When all systems are challenged,
however, breathing will remain as the final driving
force.”
In other words ‘Breathing always wins’.*
Respiration is integral to movement as well as
stability.’®>” The diaphragm, transversus abdominus,
multifidius and the pelvic floor muscles work in

Table 1
disorders

Aetiological factors in  breathing pattern

Biomechanical factors

Postural maladaptations

Upper limb movement

Chronic mouth breathing

Cultural, for example, ‘tummy in, chest out’, tight waisted
clothing

Congenital

Overuse, misuse or abuse of musculo-skeletal system

Abnormal movement patterns

Braced posture, for example, post-operative

Occupational, for example, divers, singers, swimmers,
dancers, musicians, equestrians

Physiological/biochemical factors
Lung disease
Metabolic disorders
Allergies — post-nasal drip, rhinitis, sinusitis
Diet
Exaggerated response to decreased CO,
Drugs, including recreational drugs, caffeine, aspirin, alcohol
Hormonal, including progesterone
Exercise
Speech/laughter
Chronic low grade fever
Heat
Humidity/heat
Altitude

Psychological factors

Anxiety

Stress

Panic disorders

Personality traits, including perfectionist, high achiever,
obsessive

Suppressed emotions, for example anger

Conditioning/learnt response

Action projection/anticipation

History of abuse

Mental tasks involving sustained concentration

Sustained boredom

Pain

Depression

Phobic avoidance

Fear of symptoms/misattribution of symptoms
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unison to establish intra-abdominal pressure. All
structures add to stability and allow efficient respira-
tion, movement and continence control. Should there
be a deviation away from a normal recruitment
pattern, then pressure, ventilation volumes and
ultimately work of breathing is affected.” Research
by O’Sullivan® and Falla er al®' further supports
Chaitow’s” claims with respect to position/postures
and activation of muscle groups.

When considering total body pressure control, the
vocal folds and the surrounding musculature control
the top of the system, the diaphragm which sits in the
middle plays a key role in pressure generation, and
the pelvic muscle group support at the base.®” The
primary purpose of the human larynx is to function
as an exchange valve, controlling the flow of air in
and out of the lungs.®® This system adds to not only
to structural support but also contributes to motility
of fluid based systems within the body, i.e. gastro-
intestinal, lymphatic drainage, arterial and venous
circulation. It also creates phonation and voice
production.®* When a system is under load respira-
tion will dominate at the expense of voice and
locomotion and postural control.

It is important to consider how these diverse
functions are inter-related and can be co-ordinated
into physiotherapy treatment regimes, for example,
treatment regimes utilizing all systems, breath, move-
ment and voice.

Length-tension relationship
Pressure determines the length—tension relationship.
If a BPD is present respiratory accessory muscles
shorten, and the diaphragm is unable to return to its
optimal resting position, thus potentially contribut-
ing to dynamic hyperinflation, causing pressure
changes and further compounding the disorder. Not
only is accessory muscle load increased, but the
muscles are also working from a shortened disad-
vantaged position. Shortened muscles create less
force, hence the muscle length tension relationship
is altered.®® Patients with neck pain commonly have
faulty breathing patterns.®®

It is advantageous to keep this in mind, musculo-
skeletal techniques will not address an altered length
tension ratio unless the driving BPD is addressed. It is
also important to note that sustained muscular
contraction may occlude local vasculature, momen-
tarily impeding blood flow to activated muscle; this
can lead to trigger point development in these
muscles.®’

Dynamic hyperinflation

Dynamic hyperinflation can occur due to a phenom-
enon known as breath stacking. Traditionally thought
to occur in asthma, this also occurs significantly
during exercise, when incomplete exhalation can result
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in residual air adding to the volume of the next
inhalation with eventual over-inflation of the
lungs. Airflow can become limited and the amount
of O, reaching the alveoli decreases as dead
space volume increases. Inefficient ventilation
and dyspnoea are the end result.®> The suppor-
ting musculature also work in less than optimal
positions.

The concept of addressing dynamic hyperinflation
is not new in the physiotherapy literature: this has
been identified and clearly addressed regarding the
asthma patient. The idea of decreasing the dynamic
hyperinflation of the rib cage is based on the
assumption that this intervention will decrease the
elastic work of breathing and allow the inspiratory
muscles to work over a more advantageous part of
their length—tension relationship. There are several
treatment strategies that aim to reduce chest wall
hyperinflation.” Similar strategies could be consid-
ered when treating dynamic inflation with no organic
lung disorder present.

Motor pattern changes

Dynamic hyperinflation can result due to habitual
motor patterns; e.g. increased resting tone of the
abdominal muscles in particular the oblique muscles
at rest. This can have a ‘corset’ effect preventing
diaphragm distension, resulting in the breathing
pattern changing to one of upper chest (apical); this
leads to over use of the respiratory accessory muscles,
pectoralis minor tightens lifting the chest apically,
their action opposed by the trapezii muscles which
work harder.®® Forward head posture occurs, and
temporomandibular joint compression may occur,
and potentially mouth breathing.®” The tension
relationship is altered, and consequently the dia-
phragm cannot return to optimal resting point, so
dynamic hyperinflation occurs. At rest the work
of breathing has exceeded the normal values.
Unbeknown to the fashion conscious or ‘fab ab’
seeker, there is a host of serious physiological and
mechanical, as well as psychological changes taking
place. This process challenges the deep motor
patterns that control trunk stability. The expiratory
reserve volume is increased where tidal volume may
remain the same but inspiratory reserve volume
decreases, suggesting a dynamic hyperinflated pat-
tern. If hypocapnia is present, this can further alter
the resting muscle tone and ultimately motor pattern
changes via the increased excitability in the nervous
system and muscular system.”®"?

Sport/the Athlete
Vital capacity and oxygen delivery

Little attention has been paid to the breathing pattern
of the athlete until recently. Historically this area of
research has been dominated by sports physiologists
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Figure 1

who have focused on ventilation and the delivery
of oxygen. Research is now beyond the capacity of
ventilation and starting to look at the muscles of
respiration and breathing patterns.'' The fundamen-
tal goal of our system is the protection of oxygen
delivery to the respiratory muscles, thus ensuring the

Breathing and the musculoskeletal connection (Tania Clifton-Smith'??),

ability to maintain pulmonary ventilation, proper
regulation of arterial blood gases and pH and overall
homeostasis.

Harms et al.”* identified that the work of breathing
during maximal exercise resulted in marked changes
in locomotor muscle blood flow, cardiac output and
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both whole-body and active limb O, uptake. They
identified the compromised locomotor blood flow
was associated with noradrenaline (norepinephrine)
suggesting enhanced sympathetic vasoconstriction.
This concept has been referred to as blood stealing, a
novel idea that literally the muscles of respiration
steal O, rich blood from the lower limbs. Further
work by Sheel” and St Croix’® provide evidence for
the existence of a metaboreflex, with its origin in the
respiratory muscles. They believe this reflex can
modulate limb perfusion via stimulation of sympa-
thetic nervous system vasoconstrictor neurones.

Breathing pattern retraining

Vickery'! conducted ground breaking research asses-
sing the effect of breathing pattern retraining on
performance in competitive cyclists. Results sup-
ported that four weeks of specific breathing pattern
retraining enhanced endurance performance and
incremental peak power and positively affected
breathing pattern and perceived exertion. It appears
that our system has the potential to become sensitized
in its protective role and fire too early resulting in
premature dyspnoea. Perhaps this is the phenomenon
that is occurring in some cases of exercise induced
bronchospasm?

Exercise-induced bronchoconstriction has a high
prevalence in athletes and in particular elite athletes,
predominately affecting endurance athletes, winter
athletes and swimmers.”” However, exercise-induced
bronchoconstriction also occurs in up to 10% of
subjects who are not known to be atopic or
asthmatic.”®

Breathing Pattern Disorders and Lung Disease
Breathing pattern disorders and asthma

The altered breathing pattern that occurs with acute
asthma is similar to the hyperinflated, rapid upper
chest, shallow pattern common in BPD, and there-
fore it appears reasonable that chronic asthma may
contribute to a habitual disordered breathing pattern,
as well as a habitual poor breathing pattern exacer-
bating the symptoms of asthma.>*”® Thomas et al.*
noted an incidence of hyperventilation of 29% in a
sample of 219 known asthmatics in their clinic.
Martinez-Moragon et al. 8' similarly observed 36%
(n=17/157) of asthmatics at a pulmonary outpatient
clinic had a BPD. A higher correlation is seen in
studies assessing patients with known hyperventila-
tion. Saisch er al® noted asthma was certain or
probable in 78% (17) of patients attending an
emergency department with acute hyperventilation,
including asymptomatic asthma. Similarly, Demeter
and Cordasco®® recorded 80% (38/47) of patients with
hyperventilation, at a private pulmonary clinic, also
had asthma. More accurate assessment and including
mild/asymptomatic asthma is the likely reason the

Physical Therapy Reviews 2011 voL. 16 NO. 1

studies retrospectively assessing for asthma show a
higher correlation.

BPD, asthma and exercise

Exercise is commonly thought to be a trigger for
asthma, and whilst it is true for some, for others the
anxiety-inducing breathlessness they attribute to
asthma may be due to hyperinflation and excessive
respiratory effect due to faulty breathing patterns.
Kinnula and Sovijarvi®* using cycle ergometry, noted
consistent hyperventilation in all the female asth-
matics, despite no evidence of bronchospasm at one
minute after exercise or differences in exercise
capacity. The findings are similar to a study by
Hammo and Wienburger®® which assessed 32 patients
diagnosed with exercise-induced asthma, for hyper-
ventilation. Of the 21 patients who experienced
asthma symptoms, 11 had no significant decrease in
FEVI, but demonstrated the lowest PETCO,, sug-
gesting hyperventilation, rather than asthma, was
responsible for their symptoms. Hibbit and Pilsbury®®
observed their asthmatic subject began hyperventilat-
ing prior to exercise, with slightly lowered peak flow
(470 L min~!' versus 500-660 expected norm). A
marked decrease in PCO, occurred during exercise
and following exercise peak flow dropped to
385 L min~ !, with the subject feeling anxious and
distressed. After two months of breathing retraining
and increased physical activities, the exercise test was
repeated, with the same initial peak flow, but with
considerably less PCO, changes during exercise, no
decrease in PEFR afterwards, and no need for
treatment.

A Cochrane review by Holloway and Ram®’
reported a trend for improvement in asthma symp-
toms after breathing retraining. More consistent
improvements related to quality of life markers
rather than changes in lung physiology.'*®® The
authors®” conclude that it is the lack of consistent,
robust data with a clear description of the retraining
method that limits the conclusions that can be made,
rather than necessarily the effectiveness of the
breathing retraining itself.

People with chronic asthma may also have lower
resting PeCO, making them more vulnerable to the
sympathetic arousal hypocapnia can induce — which
they will feel as anxiety.5>%

Breathing pattern disorders, anxiety and COPD

A review by Brenes” indicates a higher rate of
anxiety in people with COPD than the general
population. Other studies have linked anxiety in this
population to negative quality of life status and lower
functional status.’’”> Supporting this, Livermore
et al.”® observed a correlation between higher anxiety
in COPD patients and lower threshold for perceived
dyspnoea when breathing against a set resistance



increasing the exertion of breathing, compared to
perceived dsypnoea in matched subjects with COPD
and a normal control group.

For these populations, correcting the breathing
pattern to an efficient steady diaphragmatic pattern
can help reduce perceived dyspnoea by reducing the
inspiratory effort and anxiety, helping clarify symp-
toms attributable to actual lung disease rather than
functional factors.

Breathing pattern disorders and anxiety

Anxiety may be driven by negative thoughts, but also
by physiology, for example autonomic disregulation,
and/or abnormal lung biomechanics causing a sensa-
tion of dyspnoea, not related to actual insufficiencies.
The factors surrounding anxiety are too complex and
interconnected to suggest there can be a simple causal
effect.”

Studies report greater changes in respiratory
patterns in subjects reporting high anxiety levels,
when completing a stressful task, with marked
increases in tidal volume and respiratory rate and
decreased expiratory time with significant drop in
FETCO; in the high trait anxiety group.”>® Similar
changes are seen with anticipatory anxiety.”” Con-
ditioned respiratory responses have also been shown
to occur prior to starting a computer task.”®

In people with a confirmed diagnosis of an anxiety
disorder, such as panic disorder or post traumatic
stress disorder, there appears to be a loss of home-
ostasis, in particular regarding persistent hyperarou-
sal of the sympathetic control.!°%!°! Interestingly,
Blechert er al.'> noted the changes in firing of
vasoconstrictor fibers in panic disorder patients were
similar to those in subjects with increased muscle
sympathetic outflow induced by inhaled breath hold
and obstructive sleep apnoea, again reinforcing the
overlap between breathing pattern disorders and a
wide range of causes and symptoms.

Treatment of BPD in Physiotherapy
Assessment

Physiotherapy treatment of BPD begins with assess-
ment. The lack of a definitive assessment tool for
BPD does make diagnosis difficult and sometimes it
is achieved only by a process of elimination.'*
Assessment includes gaining an accurate clinical
history, observation of the person’s breathing and
musculo-skeletal status, and ‘hands on’ assessment of
breathing and muscle tension.*!**1%>  Assessment
tools commonly used include the Nijmegen Ques-
tionnaire, breath hold test, peak expiratory flow rate,
and pulse oximetry.* Spirometry and capnography
may be used, depending on the clinic resources.®
Treatment can then focus on areas of dysfunction
identified during assessment.
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Treatment
The role of breathing exercises in patients with
pulmonary disorders was documented as early as
1915.19¢-197 By 1919 it was recommended that many
medical and surgical patients be given breathing and
physical exercise as accessories to medical and
surgical treatment.'®®
The first literature referring to BPDs and breathing
re-education within the physiotherapy profession
was in the 1960s in cardiorespiratory physiotherapy.
At this time physiotherapists advocated breathing
retraining for BPD.!'% The Papworth method
of breathing retraining evolved from the collabo-
ration of chest physician Claude Lum and phy-
siotherapists Diana Innocenti and Rosemary Cluff.
This focused on education, and a nose/abdominal
breathing pattern.**'91% Other key aspects in the
physiotherapy literature treatment are education,
reassurance, and breathing retraining.'®*!10-113
Most physiotherapy treatment protocols ap-
pear to have the following basic principles in
common,+6-105:112.115
1.  Education on the pathophysiology of the disorder
2. Self-observation of one’s own breathing pattern
3. Restoration to a basic physiological breathing pat-
tern: relaxed, rhythmical nose-abdominal breathing.
Appropriate tidal volume
Education of stress and tension in the body
Posture
Breathing with movement and activity
Clothing Awareness
9. Breathing and speech
10. Breathing and nutrition
11. Breathing and sleep
12. Breathing through an acute episode

NNk

Education
Education is broader than breathing pattern alone.
Education includes the effects of abnormal versus
diaphragmatic breathing, and reassurance that HVS/
BPD symptoms have a physiological basis, and are
treatable. Education also involves identifying the
factors that initially caused the BPD, and/or may
trigger the poor breathing pattern in the future.*
Lifestyle issues are addressed, such as level of activity,
relaxation (both as a technique and as a recreational
activity), and sleep. Work issues, such as sustained
computer work, extended periods of intense con-
centration and speech are also addressed, as these
areas have been shown to impact on breathing
patterns.''¢ 118

For the public domain, physiotherapists have
written and co-written books on hyperventilation/
BPD. ‘Asthma and Your Child> by Thompson'"
highlights many techniques to assist with breathing
pattern disorders and asthma treatment. In 1991
Bradley'?® wrote the first patient handbook on
the subject of hyperventilation syndrome/breathing
pattern disorders. More recently, in collaboration with
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CliftonSmith, they have produced dynamic breathing
for asthma,'?' and breathe stretch and move.'?? All
these books place emphasis on self-management.

Breathing retraining

The terms breathing exercises, breathing retraining
and breathing pattern training are used interchange-
ably in the physiotherapy literature. There is varia-
tion, even within the physiotherapy discipline, of
what parameters of normal breathing are. Cluff'®’
states the rate should be 8-12 average sized breaths
per minute at rest, with gentle, silent, rhythmical
diaphragmatic (tummy) breathing, with little upper
chest movement. West'> reports breathing rate for
an adult at rest is 10-14 breaths per minute.

The treatment of BPD is under recognized.
Guidelines for the physiotherapy management of
the adult, medical, spontaneously breathing patient
have been recently published.'”* These guidelines
represent an extensive amount of work collating and
analyzing research to support current physiothera-
peutic management in the area of cardiorespi-
ratory, neuromuscular diseases and musculoskeletal.
Breathing pattern disorders were not mentioned
during the review, except used in the context as a
historical reference when referring to the treatment
by physiotherapists in the management of disordered
breathing.'>>1?° Breathing retraining was only used
in reference to asthma and secondary disordered
breathing.

The BradCliff Method® looks at breathing dys-
function as an indicator of physiological and mechan-
ical imbalances and psychological stress in the human
body. It is structured on current physiotherapy
research assessing and treating individuals from
children with asthma to elite athletes.'?’

We are now able to have a better informed
approach however, no longer assuming an adequate
breathing pattern at rest is necessarily an optimal
breathing pattern for all the activities our client is
involved with. Diaphragmatic breathing remains the
foundation of our treatment, but it is no longer the
only aspect of our treatment.

Musculo-skeletal component

Musculo-skeletal issues are addressed which are
impeding an effective breathing pattern. Alongside
the mechanical validation of respiratory muscle
contribution to motor control, research into the
training of respiratory muscle strength has gained
momentum, ' ?*!?° Much of the research was initially
surrounding dyspnoea and organic respiratory dis-
orders and it is well established that the respiratory
muscles could be strengthened.!*® There is evidence
supporting the role of inspiratory muscle trainers to
strengthen the inspiratory muscles, to reduce dyspnoea
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and improve function, whether it is for activities of
daily living or high performance sport.'?' 13

Massery has successfully incorporated breathing,
respiratory control and re-education into rehabilita-
tion covering many neurological conditions such as
cerebral palsy, complex paediatric cases, spinal cord
injuries, as well as respiratory and bio-mechanical
disorders. Massery utilizes a multi-system approach
with breathing/respiration as an integral part. Mas-
sery remains adamant breathing is the first step of
all rehabilitation.'*> Massery incorporates breath
and movement into her treatment regimes at all
levels of functioning and views breathing retraining
and postural control strategies as simultaneous
interventions. ‘Motor impairments are never just
a musculoskeletal problem or just a neuromotor
problem. We are born with systems that interact
to give us the control we need for health and
participation.'®

An extensive list of Mary Massery’s publica-
tions can be viewed: http://www.masserypt.com/html/
pub.html'?’

Research addressing treatment efficacy for BPD
The variability of treatment regimes and poor des-
cription of the regime details have made it difficult to
gain a cohesive understanding of what the research to
date has shown. Despite this variation, the authors
report improvements are achieved, suggesting key
elements are covered within the treatment pro-
gramme."**!% The Papworth method has shown
favourable outcomes, significantly reducing respira-
tory symptoms and improving health-related quality
of life in a group of patients with asthma.'#*-!4!

Other papers from the UK also support breathing re-
education/training within physiotherapy practice.'**'*?

Singh'** reviewed the literature with respect to
physiotherapy treatment and hyperventilation. The
review concluded that the definition and diagnosis of
hyperventilation is difficult; however, once identified
physiotherapy intervention can provide an effective
intervention to significantly reduce the symptoms and
improve quality of life. The query over diagnosis was
the hyperventilation versus breathing pattern disor-
der debate. It has been shown clearly in studies that
breathing retraining has a positive effect on improv-
ing symptoms where the subject does not exhibit low
levels of CO,—highlighting that not only do we see
people with chronic hyperventilation (lowered CO,)
but perhaps a bigger group who present with
symptoms due to mechanisms directly related to
other pathways.'®

A 2004 Cochrane review of breathing exercises
for asthma concluded that, due to the diversity of
breathing exercises and outcomes used, it was
impossible to draw conclusions from the available



evidence.'*® Thomas er al'* randomized partici-
pants into a group to receive the Papworth breath-
ing re-education method or to see an experienced
respiratory nurse providing asthma education.
There were significant improvements in asthma-
related quality of life in both groups after 1 month,
but at 6 months a large difference between groups
was found, in favour of the breathing retraining
group, in asthma quality of life, anxiety and
depression, Nijmegen score and a trend for an
improvement in asthma control.'*’

Vickery'! investigated the effect of breathing
pattern retraining on 20-km time trial performance
and respiratory and metabolic measures in competi-
tive cyclists.

The results supported the performance enhancing
effect of four weeks of breathing pattern retraining in
cyclists. They suggested breathing pattern can be
retrained to exhibit a controlled pattern, without a
tachypnoeic shift (increased respiratory rate leading
potentially to breath stacking and an irregular
pattern that may impair alveolar ventilation) during
high intensity cycling. Results also showed that
respiratory and peripheral perceived effort was
diminished. This research could open avenues of
practice not yet proven before within the field of
sports physiotherapy, emphasizing the importance of
breathing patterns and ultimate performance.

Future trends for physiotherapy treatment
Currently in western medicine, a fundamental push is
to encourage healthy life style skills. Education in one
of the most fundamental tools, and yet breathing has
not been emphasized enough as part of this healthy
lifestyle package.

Looking to the future the consensus of health in
the twenty-first century in the public domain, there
appears to be a move away from the twentieth
century biomedical model to a more global initiative,
promoting projects and programmes that reach all
human beings in a worldwide commitment to health
as a global public good.'® Keeping this in mind,
there is a push from within our professions to
run with this idea of ‘health for all’ and in parti-
cular involvement in the management, rchabilita-
tion education and prevention of the epidemic of
lifestyles diseases we are currently seeing, such
as obesity, ischemic heart disease, cancer, smoking
related conditions and pulmonary conditions.'*%1%°
There is scope within this framework to explore
the concepts of breathing re-education within the
profession. Breathing re-education is drug free,
appealing to the new paradigm of health for all,
and a practice that requires little or no machinery so
a low running cost, and initial set-up is minimal for
the therapist.

CliftonSmith and Rowley Breathing pattern disorders and physiotherapy

Conclusions

For the clinician the observation of breathing can
provide insight into many systems, including biome-
chanics, biochemistry/physiology, and psychology
reflecting the consideration of a multisystem approach.

Everyone is a complex integration of musculo/
neurological/respiratory systems, which combined
with individual personalities and lifestyles, reminds
us that these are never distinct groups, and everyone
we meet or treat works best when all systems are in
homeostasis as supported by an appropriate and
efficient breathing pattern.

There is a lack of robust evidence surrounding
breathing pattern disorders. Ongoing research is
needed that clearly describes treatment regimes and
assesses outcomes that are compatible with other
research and remains clinically relevant.

As a profession our diversity is an asset. The key
points of breathing pattern disorders are common to
whomever we treat. Our expertise is in our unique
assessment and treatment skills, which enable us to
develop specific programmes relevant to the indivi-
dual cases whether it is the child with asthma or the
elite athlete. The diversity of our profession enables
us to approach breathing pattern disorders from
different perspectives, yet allows us a cohesive
informed approach, as physiotherapy aims to treat
the whole person not just the system.

References

1 DaCosta J. On irritable heart: a clinical study of a form of
functional cardiac disorder and its symptoms. Am J Med Sci
1871;61:17-52.

2 Haldane J, Poulton E. The effects of want of oxygen on
respiration. Physiol 1908;37:390.

3 Solely M, Shock N. The etiology of effort syndrome. Am J
Med Sci 1938;196,840.

4 Bradley D. Physiotherapy breathing rehabilitation strategies.
In: Chaitow L, er al. editors. Multidisciplinary approaches to
breathing pattern disorders. Edinburgh: Churchill Livingstone;
2002. p. 173-95.

5 Gosselink R. Breathing techniques in patients with chronic
obstructive pulmonary disease (COPD). Chron Respir Dis
2004;1:163-72.

6 Hough A. Physiotherapy in respiratory care: an evidence
based approach to respiratory and cardiac management. 3rd
ed. Glos: Nelson Thornes Ltd; 2001.

7 Rowley J. The role of asthma, stress and posture as
actiological factors in breathing pattern disorders. 2002,
unpublished.

8 Chaitow L. Biomechanical influences on breathing. In: Chaitow
L, et al. Multidisciplinary approaches to breathing pattern
disorders. Edinburgh: Churchill Livingstone; 2002. p. 83-110.

9 Gilbert, C. Clinical applications of breathing regulation.
Behav Modif 2003;27:692-709.

10 Bruton A, Thomas M. The role of breathing training in
asthma management. Current Opinion Allergy Clin Immunol
2011;1(1):53-57.

11 Vickery R. The effect of breathing pattern retraining on
performance in competitive cyclists. 2007. Available from:
http://repositoryaut.lconz.ac.nz/handle/10292/83.

12 Chaitow L. Breathing pattern disorders, motor control, and
low back pain. J Osteopath Med 2004;7:34-41.

13 Nicholls D, Walton JA, Price K. Making breathing your
business: enterprising practices at the margins of orthodoxy.
Sage Publications 2009;13:333-56.

Physical Therapy Reviews 2011 voL. 16 NO. 1

83



CliftonSmith and Rowley Breathing pattern disorders and physiotherapy

84

14

15

16

17

18

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Physical Therapy Reviews

Magarian G. Hyperventilation syndromes: infrequently recog-
nised common expression of anxiety and stress. Medicine
1982;61:219-35.

Lewis T. The soldier’s heart and the effort syndrome. New
York: Paul B. Hoeber; 1919.

Goetz CG, Turner C, Aminoff M, editors. Handbook of
clinical neurology. Amsterdam: Elsevier Science Publisher
B. V.; 1993. p. 429-47.

Gardner W, Bass C. Hyperventilation in clinical practice. Br J
Hospital Med 1989:;41:73-81.

Kerr W, Dalton J, Gliebe P. Some physical phenomena
associated with the anxiety states and their relation to
hyperventilation. Ann Int Med 1937;11:962-92.

Hornsveld H, Garssen B, Fiedeldij Dop M, van Spiegel P,
de Haes J. Double-blind placebo-controlled study of the hyper-
ventilation provocation test and the validity of the hyperven-
tilation syndrome. Lancet 1996;348:154-8.

Gardner W. The pathophysiology of hyperventilation dis-
orders. Chest 1996;109:516-35.

Newton E. Hyperventilation syndrome. 1997 [Retrieved 1999
March 30]. Available from: http://www.emedicine.com/emerg/
topic270.htm.

Lum C. Hyperventilation and anxiety state. J R Soc Med
1981;74:1-4.

Gilbert C. Interaction of psychological and emotional effects
with breathing dysfunction. In: Chaitow L, et al, editors.
Multidisciplinary approaches to breathing pattern disorders.
Edinburgh: Churchill Livingstone; 2002. p. 11-130.

Ley R. Breathing and the psychology of emotion, cognition,
and behavior. In: Timmons BH & Ley R (eds.), Behavioural
and psychological approaches to breathing disorders. New
York: Plenum Press; 1994.

Dixhoorn J. Significance of breathing awareness and exercise
training for recovery after myocardial infarction. In: Carlson
JG, et al, (eds.) Clinical applied psychophysiology. New York:
Plenum Press; 1994. p. 113-32.

Gardner W. Orthostatic increase of respiratory gas exchange
in hyperventilation syndrome. Thorax 2000;55:257-9.
Gardner W. Hyperventilation. Am J Respir Crit Care
2004;170:105.

Garssen B, de Ruiter C, van Dyck R. Breathing retraining: a
rationale placebo? Clin Psychol Rev 1992;12:141-54.
Hornsveld H, Garssen B, Fiedeldu Dop M, van Spiegel P.
Symptom reporting during voluntary hyperventilation and
mental load: implications for diagnosing hyperventilation
syndrome. J Psychosom Res 1990:;34:687-97.

Molema J, Folgering H. Introduction in abstracts of papers
presented at the 3rd International Society of the Advancement
of Respiratory Psychophysiology (ISARP) Congress. Paper
presented at the 3rd International Society of the Advancement
of Respiratory Psychophysiology (ISARP) Congress; 1996
August 26-27; Nijmegen, The Netherlands.

Wilkins R, Krider S, Sheldon R. Clinical assessment in
respiratory care. 4th ed. St Louis, MO: Mosby; 2000.

Jack S, Rossiter H, Pearson M, Ward S. Ventilatory responses
to inhaled carbon dioxide, hypoxia, and exercise in idiopathic
hyperventilation. Am J Respir Crit Care Med 2004;170:118—
25.

Marieb E. Human anatomy & physiology. 5th ed. San
Francisco: Addison Wesley Longman; 2001.

Molema J, Folgering H. Introduction in abstracts of papers
presented at the 3rd International Society of the Advancement
of Respiratory Psychophysiology (ISARP) Congress. Paper
presented at the 3rd International Society of the Advancement
of Respiratory Psychophysiology (ISARP) Congress; 1996
August 26-27; Nijmegen, The Netherlands.

Jack S, Rossiter H, Warburton C, Whipp B. Behavioural
influences and physiological indices of ventilatory control in
subjects with idiopathic hyperventilation. Behav Modif
2003;27:637-52.

Humphries B, Quaranta N, Wagstaff S, Baguley D. Tinnitus
and cochlear implantation. Int J Audiol 2004;43:245-51.
Schleifer L, Ley R, Spalding TW. A hyperventilation theory of
job stress and musculoskeletal disorders. Am J Ind Med
2002;41:420-32.

Kazmaier S, Weyland A, Buhre W, Stephan H, Ricke H,
Filoda K, et al. Effects of respiratory alkalosis and acidosis on
myocardial blood flow and metabolism in patients with
coronary artery disease. Anesthesiology 1998;89:831-7.
Clifton-Smith T. Breathe to succeed in all aspects of your life.
Ringwood: Penguin Books; 1999.

2011 voL. 16 NO. 1

40

41

42

43

44

45

46

47

48

49

50

5

—

52

53

54

55

56

57

58

59

60

6

—

62

63

64

65

Ley R. The modification of breathing behaviour: pavlovian
and operant control in emotion and cognition. Behav Modif
1999;23:441-79.

Ley R. Panic disorder and agoraphobia: fear of fear or fear of
the symptoms produced by hyperventilation? J Behav Ther
Exp Psychiatry 1987;18:305-16.

Umezawa A. Facilitation and inhibition of breathing during
changes of emotion. In: Yutaka Haruki I, er al, editors.
Respiration and emotion. Tokyo: Springer 2001. p. 139-47.
Boiten F. The effects of emotional behaviour on components
of the respiratory cycle. Biol Psychol 1998;49:29-51.
Wientjes C, Grossman P, Gaillard A. Influence of drive and
timing mechanisms on breathing pattern and ventilation
during mental task performance. Biol Psychol 1998;49:53-70.
Lum L. Breathing exercises in the treatment of hyperventila-
tion and chronic anxiety states. Chest, Heart Stroke J
1977;2:6-11.

Gardner W. Diagnosis and organic causes of symptomatic
hyperventilation. In: Timmons BH, Ley R (eds.), Behavioral
and psychological approaches to breathing disorders. 1994
New York: Plenum Press; 1991. p.99-111.

Bugess J, Kovalchick D, Kyes K, Thompson J, Barnhart S.
Hyperventilation following a large-scale hazardous-materials
incident. Int J Occup Environ Health 1999;5:194-7.

Hough A. Physiotherapy in respiratory care. London: Stanley
Thornes; 1996.

Pfeffer J. The actiology of the hyperventilation syndrome: a
review of the literature. Psychother Psychosom 1978;39:47-55.
Singh J. Management of hyperventilation: how to cope with
heavy breathers. J Ass Chartered Physiother Resp Care
2001;32:50--5.

Boiten F, Frijda N, Wientjes C. Emotions and respiratory
patterns: review and critical analysis. Int J Psychophysiol
1994;17:103-28.

Hough A. Physiotherapy in respiratory care: a problem-
solving approach to respiratory and cardiac management.
Cheltenham: Stanley Thornes Ltd; 1997.

BradCliff® Manual. Bradley D, Clifton-Smith T, Writers Inc.
Auckland, New Zeland, 2009.

Lewit K. Relation of faulty respiration to posture with clinical
implication. J Am Osteopath Assoc 1980;79:525-9.

Lewit K. Manipulative therapy in rehabilitation of the motor
system. 2nd ed. London: Butterworths; 1991. p. 1-4, , 79-82.
Hodges P, Gandevia S. Activation of the human diaphragm
during a repetitive postural task. J Physiol (Lond)
2000;522:165-75.

Hodges P, Butler J, McKenzie D, Gandevia S. Contraction of
the human diaphragm during postural adjustments. J Physiol
(Lond) 1997;505:239-43.

Hodges P, McKenzie D, Heijnen I, Gandevia S. Reduced
contribution of the diaphragm to postural control in patients
with severe chronic airflow limitation. Proceedings of the
Thoracic Society of Australia and New Zealand; 2000 April 7—
12; Melbourne, Australia.

Hodges P, Gandevia S. Changes in intra-abdominal pressure
during postural and respiratory activation of the human
diaphragm. J Appl Physiol 2000;89:967-976.

O’Sullivan P, Grahamslaw K, Kendell M, Lapenskie S, Moller
N, Richards K. The effect of different standing and sitting
postures on trunk muscle activity in a pain-free population.
Spine 2002;27:1238-44.

Falla D, Jull G, Russell T, Vicenzino B, Hodges P. Effect of
neck exercise on sitting posture in patients with chronic neck
pain. Phys Ther 2007;87:408-17.

Massery M. The patient with multi-system impairments
affecting breathing mechanics and motor control. In:
Frownfelter D, Dean E, editors. Cardiovascular and pulmon-
ary physical therapy evidence and practice. 4th ed. St Louis,
MO: Mosby & Elsevier Health Sciences; 2006. Chapter 39,
p. 695-717.

Lennon J, Shealy N, Cady RK, Matta W, Cox R. Postural and
respiratory modulation of autonomic function, pain, and
health. Am J Pain 1994; 4:36-39.

Hemborg B, Moritz U, Lowing H. Intra abdominal pressure
and trunk muscle activity during lifting. The causal factors of
the intra-abdominal pressure rise. Scand J Rehabil Med
1985;17:25-38.

Johnson B, Saupe K, Dempsey J. Mechanical constraints on
exercise hyperpnea in endurance athletes. J Appl Physiol
1992;73:874-86.



66

67

68

69

70

7

—_

72

73

74

75

76

71

78

79

80

8

—

82

83

84

85

86

87

88

89

90

9

—_

92

Perri M, Halford E. Pain and faulty breathing: a pilot study.
J Bodyw Mov Ther 2008;4:297-306.

Simons DG, Travell JG, Simons IS. Myofascial pain and
dysfunction: the trigger point manual. 2nd ed. Baltimore, MD:
Williams and Wilkins; 1999. p. 19-20.

Hruska J. Influences of dysfunctional respiratory mechanics
on orofacial pain. J Orofac Pain Relat Disord 1997;41:216-7.
Fabiano P, Cesar F, Amorim L, Henrique S, Oliveira F, Daré
G, et al. Physiology maximal clenching effort influence on the
electromyographic activity of the trapezius muscle in healthy
subjects. J Bodyw Mov Ther 2010;14:346-51.

McLaughlin L. Breathing evaluation and retraining in manual
therapy. J Bodyw Mov Ther 2009;13:276-82.

Lee EK, Seyal M, Mull B, Gage B. Increased excitability of the
human corticospinal system hyperventilation. Clin Neurophys
1998;109:263-7.

Mogyoros I, Kiernan MC, Burke D. Strength-duration
properties of human peripheral nerve. Brain 1996;119:439-47.
Mogyoros I, Kiernan MC, Burke D, Bostock H. Strength-
duration properties of sensory and motor axons in amyo-
trophic lateral sclerosis. Brain 1998;121:851-9.

Harms C, Wetter T, McClaran S, Pegelow D, Nickele G,
Nelson W, et al. Effects of respiratory muscle work on cardiac
output and its distribution during maximal exercise. J Appl
Phys 1998;85:609-18.

Sheel A, Derchak P, Morgan B, Pegelow D, Jaques A,
Dempsey J. Fatiguing inspiratory work causes reflex reduction
in resting leg blood flow in humans. J Physiol 2001;537:277—
89.

St Croix C, Morgan B, Wetter T, Dempsey J. Fatiguing
inspiratory muscle work causes reflex sympathetic activation
in humans. J Physiol 2000;529:493-504.

Holzer K, Brukner P. Screening of athletes for exercise-
induced bronchoconstriction. Clin J Sport Med 2004;14:134—
8.

Gotshall RW. Exercise-induced bronchoconstriction. Drugs
2002;62:1725-39.

Weiss J. Behavioural management of asthma. In Ley R,
Timmons B., editors. Behavioural and psychological
approaches to breathing disorders. New York: Plenum Press;
1994.

Thomas M, McKinley R, Freeman E, Foy C. Prevalence of
dysfunctional breathing in patients treated for asthma in
primary care: cross sectional survey. Br Med J 2001;322:1098—
100.

Martinez-Moragon E, Perpifia M, Belloch A, de Diego A.
Prevalence of hyperventilation syndrome in patients
treated for asthma in a pulmonary clinic. Archivos de
Bronconeumologi 2005;41:267-71.

Saisch S, Wessely S, Gardner W. Patients with acute
hyperventilation presenting to an inner-city emergency depart-
ment. Chest 1996;110:952-7.

Demeter S, Cordasco E. Hyperventilation and asthma. Am J
Med 1986;81:989-94.

Kinnula V, Sovijarvi A. Hyperventilation during exercise:
independence on exercise-induced bronchoconstriction in mild
asthma. Respir Med 1996;90:145-51.

Hammo A, Weinberger M. Exercise-induced hyperventilation:
a pseudoasthma syndrome. Ann Allergy Asthma Immunol
1999;82:574-8.

Hibbit G, Pilsbury D. Demonstration and treatment of
hyperventilation causing asthma. Br J Psychiatry 1988;153:
687-9.

Holloway E, Ram F. Breathing exercises for asthma. Cochrane
Database of Systematic Reviews 2004. Issue 1. Art. No.:
CDO001277. DOI: 10.1002/14651858.CD001277.pub2.

Thomas M, Taylor D, Bateman E, Boulet L, Boushey H,
Busse W, ef al. A new perspective on concepts of asthma
severity and control. Eur Respir J 2008;32:545-54.

Osbourne C, O’Conner B, Lewis A, Kanabar V, Gardner W.
Hyperventilation and asymptomatic chronic asthma. Thorax
2000;55:1016-22.

Brenes G. Anxiety and chronic obstructive pulmonary disease:
prevalence, impact and treatment. Psychosom Med
2003;65:963-70.

Cully J, Graham D, Stanley M, Ferguson C, Sharafkhaneh A,
Souchek J, er al. Quality of life in patients with chronic
obstructive pulmonary disease and comorbidity anxiety or
depression. Psychosomatics 2006;47:312-9.

Kim HF, Kunik ME, Molinari VA, Hillman SL, Lalani S,
Orengo CA, et al. Functional impairment in COPD patients:

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

CliftonSmith and Rowley Breathing pattern disorders and physiotherapy

the impact of anxiety and depression. Psychosomatics
2000;41:465-71.

Livermore N, Butler J, Sharpe L, McBain R, Gandevia S,
McKenzie D. Panic attacks and perception of inspiratory
resistive loads in chronic obstructive pulmonary disease. Am J
Respir Crit Care Med 2008;178:7-12.

Chiatow L. Breathing, chronic pain, touch and the body-mind.
J Holistic Care 2007;4:39-45.

Masaoka Y, Homma I. Anxiety and respiratory patterns: their
relationship during mental stress and physical load. Int J
Psychophys 1997;27:153-9.

Ley R, Yelich G. Fractional end-tidal CO, as an index of the
effects of stress on math performance and verbal memory of
test-anxious adolescents. Biol Psychol 1998;49:83-94.
Masaoka Y, Homma I. Expiratory time determined by
individual anxiety levels in humans. J Appl Physiol
1999;86(4):1329-1336.

Schleifer L, Ley R. End-tidal pCO, as an index of
psychophysiological activity during data-entry work and
relaxation. Ergonomics 1994:37:245-54.

Schleifer L, Ley R, Pan C. Breathing, psychological stress, and
musculoskeletal complaints in VDT data-entry work. Paper
presented at the Seventh International Conference on Human-
Computer Interactions; 1997 August 24-29; San Francisco,
CA, USA.

Lum LC. Breathing exercises in the treatment of hyperventila-
tion and chronic anxiety states. Chest Heart Stroke J 1977;2:6—
11.

Lambert E, Hotchkin E, Alvarenga M, Pier C, Richards J,
Barton D, er al. Single-unit analysis of sympathetic nervous
discharges in patients with panic disorder. J Physiol
2006;570:637-43.

Blechert J, Michael T, Grossman P, Lajtman M, Wilhelm F.
Autonomic and respiratory characteristics of posttraumatic

stress disorder and panic disorder. Psychosom Med
2007;69:935-43.
Courtney R, Greenwood K, Cohen M. Relationships between

measures of dysfunctional breathing in a population with
concerns about their breathing. J] Body Work Movement Ther.
2011;15:23-34.

Chaitow L, Bradley D. The structure and function of
breathing. In: Chaitow L, et al, editors. Multidisciplinary
approaches to breathing pattern disorders. Edinburgh:
Churchill Livingstone; 2002.

Cluff R. Chronic hyperventilation and its treatment by
physiotherapy. J R Soc Med 1984;77:855-62.

MacMahon C. Breathing and physical exercise for use in cases
of wounds in the pleura, lung and diaphragm. Lancet
1915;2:796-70.

MacMahon C. Some cases of gunshot wounds and other
affections of the chest treated by breathing and physical
exercises. Lancet 1919;1:697-9.

Kant S, Singh G. Breathing Exercises as adjunct in the
management of COPD: an overview. Lung India 2006;23:165—
9.

Innocenti D. Chronic hyperventilation syndrome. In: Downey
P A, editors. Cash’s textbook of chest, heart, and vascular
disorders for physiotherapists. 4th ed. LondonFaber & Faber;
1987.

Rowbottom I. The physiotherapy management of chronic
hyperventilation syndrome. ACPRC J 1992:21:9-12.
Tweeddale PM, Rowbottom I, McHardy. Breathing retrain-
ing: effect on anxiety and depression scores in behavioural
breathlessness. J. Psychosom Res 1994;38:11-21.

Holloway, E. The role of the physiotherapist in the treatment
of hyperventilation. In: Timmons BH, Ley R., editors.
Behavioural and psychological approaches to breathing
disorders. New York: Plenum Press; 1994.

Pitman A 1996. Physiotherapy for hyperventilation video.
Physiotherapy for hyperventilation group, c¢/o Anne Pitman
Physiotherapy Dept. The London Clinic, 20 Devonshire Place,
London, UK.

Bruton A. Breathing and relaxation training improves
respiratory symptoms and quality of life in asthmatic adults.
Aust J Physiother 2008;54:76.

Bartley J, Clifton-Smith T. Breathing matters. Auckland:
Random House; 2006.

Peper E, Gibney R, Wilson V. Group training with healthy
computing practices to prevent repetitive strain injury (RSI): a
preliminary study. Appl Psychophysiol Biofeedback 2004;29:
279-87.

Physical Therapy Reviews 2011 voL. 16 NO. 1

85



CliftonSmith and Rowley Breathing pattern disorders and physiotherapy

86

117

118

119

120

12

—_

122

123

124

125
126

127

128

129

130

13

—

132

133

Physical Therapy Reviews

Binazzi B, Lanini B, Bianchi R, Romagnoli I, Nerini M,
Gigliotti F, Duranti R, Milic-Emili J, Scana G. Breathing
pattern and kinematics in normal subjects during speech,
singing and loud whispering. Acta Physiol 2006;186:233-246.
Schleifer L, Spalding T, Kerick S, Cram J, Ley R, Hatfield B.
Mental stress and trapezius muscle activation under psycho-
motor challenge: A focus on EMG gaps during computer
work. Psychophysiol 2008;45(3):356-65.

Thompson B. Asthma and your child. Christchurch: Pegasus;
1967.

Bradley D. Hyperventilation syndrome/breathing pattern
disorders. Auckland: Tandem Press; 1991.

Bradley D, Clifton-Smith T. Breathing works for asthma.
Auckland: Tandem Press; 2002.

Bradley D, Clifton-Smith T. Breathe stretch & move.
Auckland: Random House; 2002.

West, J. Respiratory physiology: the essentials. 7th ed.
Baltimore: Lippincott Williams & Wilkins; 2005.

Bott J, Blumenthal S, Buxton M, Ellum S, Falconer C, Garrod
R, et al. Guidelines for the physiotherapy management of the
adult, medical, spontaneously breathing patient Joint BTS/
ACPRC guideline. Thorax 2009;64:11-52.

Innocenti D. Chest conditions. Physiotherapy 1969;55:181-9.
Lum LC. Physiological consideration in the treatment of
hyperventilation syndromes. In: Vinken PJ, Bruyn GW,
editors. Handbook of clinical neurology. Amsterdam/New
York: North-Holland publishing company; 1979. Vol. 38,
p. 309-60.

http://www.bradcliff.com/.

Romer L, McConnell A, Jones D. Effects of inspiratory
muscle training upon recovery time during high intensity,
repetitive sprint activity. Int J Sports Med 2002;23:353-60.
Romer L, McConnell A, Jones D. Effects of inspiratory
muscle training on time trial performance in trained cyclists. J
Sports Sci 2002;20:547-62.

Ries A, Bauldoff G, Carlin B, Casaburi R, Emery C, Mahler
D, et al. Pulmonary rehabilitation joint ACCP/AACVPR
evidence-based clinical practice guidelines. Chest 2007;131:4S—
428S.

McConnell A, Romer L. Dyspnoea in health and obstructive
pulmonary disease: the role of respiratory muscle function and
training [Invited Review]. Sports Med 2004;34:117-32.
Volianitis S, McConnell A, Koutedakis Y, McNaughton L,
Backx K, Jones D. Inspiratory muscle training improves
rowing performance. J Sports Sci 2000;18:551.

Volianitis S, McConnell A, Koutedakis Y, McNaughton L,
Backx K, Jones D. The influence of inspiratory muscle
training upon rowing performance in competitive rowers.
Med Sci Sports Exerc 2001:;33:803-9.

2011 voL. 16 NO. 1

134

135

136

137
138

139

140

141

142

143

144

145

146
147

148

149

150

Romer L, McConnell A, Jones D. Inspiratory muscle fatigue
in highly trained cyclists: effects of inspiratory muscle training.
Med Sci Sports Exerc 2002;34:785-92.

Massery M. Asthma: multi-system implications. In: Campbell
S, et al., editors. Physical therapy for children. 3rd ed.
Philadelphia, PA: Elsevier Health Science; 2006. Chapter 28,
p. 851-79.

Massery M. The Linda Crane Memorial Lecture: the patient
puzzle — piecing it together. Cardiopulmonary Phys Ther J
2009;20:19-27.

http://www.masserypt.com/html/pub.html.

Bastow V. Hyperventilation syndrome and physiotherapy — a
retrospective audit (abstract). J Ass Chartered Physiother
Resp Care 2000;33:19.

Williams J. Audit of physiotherapy breathing re-education for
people with hyperventilation syndrome (HVS). J Ass
Chartered Physiother Resp Care 2000;1-43.

Holloway E, West R. Integrated breathing and relaxation
training (the Papworth Method) for adults with asthma in
primary care: a randomised controlled trial. Thorax
2007;62:1039-42.

Thomas M, McKinley RK, Freeman E, et al. Breathing
retraining for dysfunctional breathing in asthma: a rando-
mised controlled trial. Thorax 2003;58:110-5

Kraft A, Hoogduin C. The hyperventilation syndrome. A pilot
study on the effectiveness of treatment. Br J Psychiatry
1984;145:538-42.

Innocenti DM. Hyperventilation. In: Pryor J, Webber B,
editors. Physiotherapy for respiratory and cardiac problems.
Edinburgh: Churchill Livingston; 1998.

Singh J. Management of hyperventilation. ACPRC J 2001;
34:50-5

Fried R, Grimaldi J. The psychology and physiology of
breathing. In: Behavioral medicine, clinical psychology and
psychiatry. New YorkPlenum Press; 1993.

Holloway Cochrane reviews, 2004.

Thomas M, McKinley RK, Mellor S, Watkin G, Holloway E,
Scullion J, et al. Breathing exercises for asthma: a randomised
controlled trial. Thorax 2009;64:55-61.

Kickbusch I. In search of the public health paradigm for the 21st
century: the political dimensions of public health Portuguese.
Journal of Public Health 25 anniversary Supplement Issue:
current public health challenges. December 2010.

Dean E. Physical therapy in the 21st century (Part I): toward
practice informed by epidemiology and the crisis of lifestyle
conditions. Physiother Theory Pract 2009;25:330-53.

Dean E, Physical therapy in the 21st century (Part II):
evidence-based practice within the context of evidence-
informed practice. Physiother Theory Pract 2009;25:354-68.



