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Abstract
Background: Dysfunctional breathing (DB), which is present in 30-65% of asthmatics, can contribute
to increased levels of dyspnea and non-respiratory symptoms which respond poorly to usual
pharmacological treatment and impact on asthma control and quality of life. Treatments that target
DB in asthmatics have been shown to improve symptoms, asthma control, and quality of life and, in
some cases, to improve lung function.
Case Presentation: This case series reports on outcomes of a standardised breathing retraining and
manual therapy package in 1 male and 5 females with physician-diagnosed asthma, who are also
assessed using biochemical, biomechanical and symptomatic measures of DB. After 6 weeks of
treatment most participants showed normalisation of all objective DB measures and reduction in
respiratory and non-respiratory symptoms. This was associated with improved perceived control of
asthma, despite improvements in lung function parameters occurring in only one participant.
Participants without signs of DB at the initial evaluation did not show reduced symptoms or
improved perceived control of asthma.
Conclusions: These observations suggest that there may be an important role for manual therapy
and breathing retraining packages as adjunctive treatments to improve management of patients
with asthma and other chronic respiratory disease whose condition is aggravated by DB. The
substantial number of individuals with chronic respiratory disease who have poor disease control,
disproportionate dyspnea and unexplained symptoms due to DB may be more likely to benefit from
non-pharmacological treatments like manual therapy and breathing retraining than those with
normal or functional breathing.
Introduction
Background
Asthma is a chronic condition that has been shown to be poorly controlled with medication in 50%
of people, despite advancements in pharmacological interventions [1]. A number of co-morbidities
contribute to poor asthma control and one of these is dysfunctional breathing (DB) [2]. DB is
complex and multi-dimensional and can include various combinations of chronic or intermittent
hyperventilation, neuromuscular breathing pattern disorders and stress related and
psychophysiologically-driven breathing disturbances [3-5].
DB is thought to affect 30-65% of asthmatics [6, 7] and can lead to poor asthma control, poor
medication response, reduced quality of life and increased respiratory and non-respiratory
symptoms [3, 8, 9]. Therapies that target DB in asthma sufferers have been shown to reduce
medication needs and improve asthma control and quality of life (QoL) in patients [10-12]. While

breathing and relaxation exercises are the most commonly used approach for correcting
dysfunctional breathing, manual therapy can also be included as part of the therapy package [13].
While there is little evidence that manual therapy is effective in improving spirometric measures of
lung function and substituting for medical treatment in individuals with asthma [14-16], it has the
potential to reduce symptoms [17, 18] and might be particularly helpful as an adjunctive treatment
[15] in asthmatics with DB [7, 19].
Presence of DB in asthma patients increases subjective respiratory and non-respiratory symptoms
independent of disease severity [6, 9, 20], increases medication usage and adversely impacts on
asthma control[21]. DB symptoms, asthma control, medication usage and quality of life can be
improved when the relevant biochemical, biomechanical and/or psychophysiological dimensions of
dysfunctional breathing are appropriately targeted and successfully corrected [22] .
Changes in subjective dyspnea symptoms associated with improved neuromuscular aspects of
breathing have been described in previous research on manual therapy for asthma patients [17, 18]
and neuromechanical factors are known to play an important role in the severity and quality of
dyspnea symptoms [23]. Therefore, asthma sufferers with DB of a biomechanical nature would
presumably be the ones most likely to demonstrate clear improvement from the addition of manual
therapy to breathing retraining. Given the overlap between biomechanical dimensions of DB with
biochemical and psychophysiological aspects of DB [24], these are also likely to respond, particularly
if the manual therapy is combined with breathing retraining.
No previous studies have reported on the impact of breathing retaining combined with manual
therapy on biomechanical or other dysfunctional breathing measures in asthma sufferers. This case
series describes the changes in DB (thoracic dominant) pattern and other DB measures, including DB
symptoms and end tidal CO2 (ETCO2), lung function and some quality of life measures in six
individuals with asthma after a combined breathing retraining and manual therapy protocol.
Case presentations
The participants in this case series study were all patients of the Southern Cross University
Osteopathic Student Clinic in Lismore, Australia. Flyers were displayed in the reception area of the
clinics inviting potential participants. Of the people who responded to the advertisement and met
the inclusion/exclusion criteria six agreed to participate in the evaluation and 6 week treatment
program. Inclusion criteria were medically diagnosed asthma and age greater than 18 years.
Exclusion criteria were inability to understand English, cancer, osteoporosis or restrictive lung
disease . Participants ages ranged from 26 to 74 years. Five participants were female and one was
male. Following is brief demographic and background information on each participant. While all
patients reported that their asthma was diagnosed by a physician, we did not verify the exact details
of the date of diagnosis.

Participant 1 is a 48 year old Caucasian female with asthma since childhood. Her symtpoms include
wheezing and anterior chest tightness, exacerbated by dust. She currently uses Symbicort 1-2x/day,
and has previously trained in Buteyko breathing to manage asthma symptoms.
Participant 2 is a 27 year old Caucasian female, student and massage therapist. She presents with
unproductive dry cough, worse in the evening and in cold weather, restricted breathing,
despondency in relation to her asthma and depression which she manages with anti-depressants.
She does not currently using any medication to manage asthma symptoms, however she used
ventolin, intermittently during the previous 12 months.

Participant 3 is a 68 year old Caucasian female retiree who has a diagnosis of COPD and asthma. She
is currently using Spiriva, Seretide and Lukast to manage symptoms. She has experiences several
bouts of bronchitis in the previous year.
Participant 4 is a 25 year old Caucasian male, student, presenting with asthma, exacerbated by
exercise and seasonal weather changes. He is currently using ventolin to manage asthma symptoms.
He previously used a serrotide preventer. He has been hospitalized three times for asthma in the last
3 years.
Participant 5 is a 46 year old Caucasian female, presenting with asthma, exacerbated by allergens.
She is currently using Seretide 25 1x/day to manage her asthma symptoms.
Participant 6 is a 20 year old Caucasian female, student, presenting with asthma, exacerbated by
exercise and allergens. Currently using ventolin to manage her asthma symptoms.
Consent and Ethics
All participants gave informed consent to participate in this study and for their data to be used
anonymously. This study was approved by Southern Cross University Human Research Ethics
Committee (Approval number: ECN-16-005)
Outcome Measures
Participants were assessed on all outcome measures before and after completion of the treatment
program. Questionnaires were also re-administered at a 4 week telephone follow-up with the
interviewer reading the questions to the participant, noting the score for each answer, adding the
individual scores and finally recording the total score for each questionnaire . One person was not
available for follow-up questionnaires. Outcome measures included: (1) dysfunctional breathing and
rib cage expansion measures, (2) lung function measures, and (3) quality of life and psychometric
questionnaires.
1. Dysfunctional Breathing and Rib Cage Expansion Measures
o

Manual Assessment of Respiratory Motion (MARM) assesses extent and balance of vertical
to lateral direction of motion perceived by their practitioner’s hands at the posterior and
lateral lower rib cage [25]. The MARM was used to assess relative contribution of upper and
lower rib cage motion during five breathing and postural instructions: (1) sit naturally and
breathe normally, (2) sit upright, (3) take a deep slow breath, (4) breathe sideways into the
practitioner’s hands, (5) sit naturally and breathe normally again. In this study a simple
notation system was use, with 0 indicating balanced upper rib cage to lower rib cage
movement and 3 indicating maximal thoracic/upper rib cage dominant movement. Scores
were added for all five breathing and posture instructions. A minimum score of 0 indicates
balanced breathing for all postures; a maximum score of 15 indicates maximal thoracic
breathing for all manoeuvres. Minimal Clinically Important Difference (MCID) has not yet
been established for the MARM. Previous studies that have used the MARM with a more
complex notation system but the same hand placement and patient instuctions regarding
posture and breathing behaviours have shown good interexaminer reliability and clinical
utility [26, 27]. Changes in MARM values have been shown to correlate with reductions in
dyspnea after breathing retraining [19, 28].

o

Chest expansion comparing difference between full inhalation and full exhalation at both
xiphoid and axilla levels were measured in centimetres using a cloth tape measure. Although

MCID has not been established for chest expansion there is some research on normal
distribution of values according to gender. In one study of 428 adults, expansion of the upper
thoracic region was measured at 2.6+1.4cm for males and 2.2+1.2cm for females; expansion
of the lower thoracic region at 2.3+1.2cm for males and 1.7+1.1cm for females (p< 0.05). In
this same study values for males and females combined that are less than the 25th
percentile, between the 25-75th percentiles and greater than the 75th percentile are
considered to be poor, moderate, and good expansion respectively. For the upper expansion
the values are 1.4 cm (poor), 3.1 cm (moderate), 5.1 cm (good) and for the lower expansion
1.0 cm (poor), 2.7 cm (moderate) and 4.3 cm (good) [29].
o Self-Evaluation of Breathing Questionnaire (SEBQ) was used as a measure of DB symptoms.
[30]. Test retest reliability has been shown to be high for the SEBQ [31].A minimum score of 0
indicates no self-reported impairment; a maximum score of 75 indicates maximal respiratory
discomfort and self-perception of disordered breathing. There are no established cut-scores
but expert opinion suggest a score of 25 can be used as an appropriate cut-score to
differentiate normal from dysfunctional breathers [32]. MCID has not been established for
the SEBQ.
o Nijmegen Questionnaire (NQ) is a screening tool used to detect patients with
hyperventilation complaints and DB patterns [33]. Scores > 20 are used as the cut-score to
identify DB in patients with various conditions [34]. MCID has not been established for the
NQ, however NQ values in healthy individuals range from 10–12±7 and values do tend to
decrease towards these levels after breathing retraining [34].
o End-Tidal CO2 capnometry: Using a capnometer, carbon dioxide (CO2) levels are measured in
expired air and provide a non-invasive measure of ventilation[35]. While PaCO2 less than 37
mmHg is indicated by older texts to indicate physiological hyperventilation [36]. More recent
research by Gardner suggest that levels below 35 indicate mild hyperventilation, below 32
mmHg indicate moderate hyperventilation and below 30 mm HG indicate severe
hyperventilation [37].

2. Lung Function Measures
o Forced vital capacity (FVC) is the amount of air which can be forcibly exhaled from the lungs
after taking the deepest breath possible [38]. Forced expiratory volume in one second
(FEV1) is the volume, exhaled in the first second of forced expiration[38].The average minimal
patient perceivable improvement for FEV1 is reported as 0.23 L [39].
3. Quality of Life and Psychometric Questionnaires
o The Asthma Quality of Life Questionnaire (AQLQ) contains 32 questions in four domains
(symptoms, activity limitations, emotional function and environmental stimuli). Patients are
asked to recall their experiences during the last two weeks and to respond to each question
on a 7- point scale. A score of 7 indicates no impairment; a score of 1 indicates severe
impairment. The MCID in the AQLQ is 0.5. A change of 1.0 represents a large improvement
[40].
o Perceived Control of Asthma Questionnaire (PCAQ) is an 11 item questionnaire evaluating
perceived control of asthma symptoms. A minimum score of 0 indicates very poor perceived
control of asthma; a maximum score of 55 indicates high perceived control of asthma [41].
The PCAQ has demonstrated internal consistency (Cronbach's alpha = 0.74) and excellent
construct validity, correlating strongly with asthma severity, Quality of Life, and Medical
Outcomes Study Short Form (SF-36) measures of health status (p < 0.05)[42]. MCID has not
been established for the PCAQ.
o Hospital and Anxiety Depression Scale (HADS) assesses the level of anxiety and depression
experienced by patients in a hospital outpatients’ clinic. Scores of between 0-7 indicate

normal; scores between 8-10 indicate borderline abnormal; scores between 11-21 indicate
abnormal [43]. A change of 1.5 units or greater in magnitude is required for MCID [44].
Treatment
The treatment, which occurred over 6 weeks, combined a 2-hour breathing instructional and
practice session during which participants were taught the Breathing Basics (see below) protocol and
four sessions of manual therapy using the Breathing Muscle Reset protocol.
Breathing Retraining: The Breathing Basics protocol
All participants attended a 2-hour Breathing Basics group instruction and practice session and were
asked to practise the prescribed sequence of breathing techniques daily in formal practice sessions
of 15 minutes and informally during activities of daily life. The Breathing Basics protocol was
developed by one of the authors (RC) in the course of clinical practice and refined over several years.
Participants were instructed on the following topics: (1) how mouth breathing and poor breathing
patterns aggravate asthma symptoms, (2) how tension affects breathing pattern, (3) how to improve
their ability to breathe through their nose, (4) how tension, posture, breathlessness and changes in
the speed and depth of breathing affect breathing muscles and rib cage motion, and (5) how to
breathe when they feel breathless. Next, participants were taught a sequence of breathing exercises
called the Breathing Basics routine. This routine involved learning techniques for rehabilitating nasal
breathing and improving diaphragm and respiratory muscle function and breathing pattern.
Participants were taught alternate nostril breathing, humming and breath -holding techniques to
improve nasal airflow. They were also trained to breathe slowly and softly into the area of the lower
rib cage and abdomen, in a range of postures including supine lying, prone lying, kneeling, sitting
and standing.
Manual Therapy: the Breathing Muscle Reset protocol
Participants received four osteopathic manual therapy sessions using the Breathing Muscle Reset
protocol (detailed below). The same manual therapy protocol and treatment sequence was used for
each participant. This protocol was developed by one of the authors (RC). She has used it in her
osteopathic clinical practice for a number of years. The techniques were applied by authors GB, AS
and RG in the osteopathic student clinic at Southern Cross University. Participants received 4
separate treatments, lasting 30- 40 minutes each.
Techniques used in the Breathing Muscle Reset protocol are described below. The same sequence
was used in each patient. Muscles targeted in this protocol included primary and secondary muscles
of respiration (i.e., the diaphragm, upper trapezius, scalenes, intercostal muscles, rectus abdominis
and abdominal obliques).
The treatment sequence and procedure was as follows:
Patient prone:
 Prone Muscle Energy Technique for lower rib cage with resistance post inhalation and stretch on
exhalation
o Operator places hands on anterior surface of the lower rib cage, lifting the rib cage as
the patient inhales. The patient holds their breath for 5 seconds after inhalation and
attempts to pull their rib cage back to the table with a light force while operator resists.
Patient relaxes and operator stretches the muscles of the rib cage by pushing in an
anterior and lateral direction for 5 seconds (Figure 1).
 Diaphragm proprioceptive training
o Operator places their hands at various locations on the lower rib cage and abdomen,
including: a) on both sides of the lateral aspects of the lower rib cage (Figure 2), and b)

on the abdomen and lower back (Figure 3). Operator applies slight resistance with both
hands while the patient breathes into the operator’s hands for 3-5 breath cycles.
Patient side-lying:
 Side-lying post-isometric relaxation and stretch for lower rib cage region
o Patient lies on their side with the upper arm overhead. Operator places one hand on the
lateral rib cage and the other on the patient’s upper arm. After an inhalation the patient
holds their breath and pushes their arm against the operator’s hand. The operator
resists the motion of the arm and also the expansion of the rib cage for 5 seconds. The
patient relaxes on the exhale while the operator stretches the muscles of the rib cage by
applying gentle pressure inferiorly (Figure 4).
 Soft tissue massage and myofascial release of abdominal muscles (rectus abdominis, abdominal
obliques and transverse abdominis) and sub-costal area using cross fibre manipulation for 4-5
seconds on each location (Figure 5) .
 Facilitation of diaphragm doming using upward pressure from the abdomen and downward
pressure on the lower six ribs during inhalation and exhalation, The operator applies sustained
gentle pressure over 3-5 breath cycles (Figure 6).
 Myofascial release on lateral neck fascia and scalene muscles. The operator applies direct
gentle pressure over scalene muscles, anchoring the muscle belly while the patient actively
rotates their head towards the table (Figure 7). This action is repeated 3 times.
Patient supine:
 Supine post-isometric relaxation and stretch for lower rib cage with post-inhalation and stretch
on exhalation
o The patient lies supine with the upper arm overhead. The operator places one hand on
the lower rib cage and the other on the patient’s upper arm. After an inhalation the
patient holds their breath and pushes their arm against the operators hand with a light
upward force. The operator resists the motion of the arm and also the expansion of the
rib cage for 5 seconds. The patient relaxes on the exhalation while the operator applies
gentle pressure on the rib cage in an inferior direction (Figure 8).
Post-isometric relaxation and stretch of upper ribs and anterior neck region
o

o

Operator stands at the head of the table and places their hands on the patient’s
shoulders. After an inhalation the patient holds their breath and lifts their shoulders
towards their head against the operator’s hands with a light force. The operator resists
the motion of the shoulders for 5 seconds. The patient relaxes on the exhalation while
the operator pushes the shoulders towards the patient’s feet (Figure 9).
Operator places one hand on the patient’s upper rib cage and the other hand under the
patient’s head. After an inhalation the patient holds their breath and pushes their head
backwards into the operator’s hand with a light force. The operator resists the motion of
the head for 5 seconds. The patient relaxes on the exhalation while the operator pushes
the upper ribs towards the patient’s feet (Figure 10).

Data collection
Data collected from all outcome measures were collected at initial intake. At completion of the 6
week treatment period all outcome measures were repeated. All questionnaires were
readministered at 1 month follow-up.
Data analysis
All participant data were recorded on an Excel spreadsheet. Data from outcome measures were
initially tabulated for each patient and then collated by outcome measure and analysed visually
using tables and graphs where possible either in the context of MCID or according to cut-off scores
differentiating normal from dysfunctional .

Results
Dysfunctional Breathing Measures
MARM values indicating balance of upper thoracic to lower thoracic/abdominal breathing are
represented by lower scores, with a score of 0 indicating that breathing motion was evenly and
optimally distributed between upper thoracic and lower thoracic/abdominal compartments. MARM
scores improved (i.e. reduced) in all six participants and became optimal (i.e. with score of 0) in
three participants post treatment (Table 1).
Table 1. Simplified Manual Assessment of Respiratory Motion (MARM)
Pre-treatment
Post-treatment
Case no.
MARM Total
MARM Total
P1
0
0
P2
2
0
P3
12
3
P4
4
3
P5
8
1
P6
7
0
There was no clear trend in chest expansion measures at the levels of the xiphoid or axilla. Three of
the six participants had improved xiphoid expansion, while the other three were either unchanged
or had a small reduction in xiphoid expansion; two of the six improved axilla expansion while 4 were
either unchanged or reduced (Table 2).

Table 2. Chest Expansion Measures (in centimetres) at Xiphoid and Axillary Region*
Case no.

Pre Tape Xiphoid
Post Tape Xiphoid
Pre Tape Axillary
Post Tape Axillary
Difference
Difference
Difference
Difference
P1
3
5
3
2.8
P2
3.5
5.7
4
3.8
P3
1.8
5.5
3.3
5.5
P4
5.5
5.3
5
4.2
P5
5.8
4.8
4.3
2
P6
3.8
3.2
2.3
3
*Chest Expansion measures in centimetres report difference between maximal exhalation and
maximal inhalation, measured at xiphoid and axilla.

On the DB questionnaires (SEBQ and NQ) all five participants who attended for follow up had lower
SEBQ scores at the 4 week follow-up than at the initial intake. In four of the five participants who
attended for follow up, SEBQ scores had reduced further at the 4 week follow up. All six participants
had reduced symptoms scores for respiratory discomfort symptoms as measured by the SEBQ at the
end of the treatment period (Table 3). Five of the six participants had improved their DB symptoms
as reflected in NQ scores at the end of treatment, and four of the five had a further reduction of NQ
scores at the 4 week follow up. All participants had lower NQ scores at follow up than at the start of
treatment (Table 4).

Table 3. Dysfunctional Breathing Symptoms Questionnaires: Self Evaluation of Breathing
Questionnaire (SEBQ)*
Case no.
Follow-up SEBQ
Pre SEBQ
Post SEBQ
P1
19
18
NA
P2
42
18
24
P3
49
40
9
P4
28
16
12
P5
36
27
9
P6
22
20
2
*SEBQ total scores at pre and post treatment and at 6 week follow-up.
Table 4. Dysfunctional Breathing Symptoms Questionnaires: Nijmegen Questionnaire (NQ)*
Case no.
Follow-Up NQ
Pre NQ
Post NQ
P1
10
20
NA
P2
33
10
23
P3
32
30
2
P4
7
3
4
P5
16
13
3
P6
23
12
11
*NQ total scores at pre and post treatment and at 6 week follow-up.
Capnometry assessment found that four participants (P2, P3, P5, P6) had CO2 levels diagnostic of
hyperventilation (ETCO2 < 35mm Hg) at initial capnometry assessment [45]. Three participants had
moved into the normal range, when capnometry was repeated at the end of the treatment (P2, P5
and P6). Only one participant (P3) remained in the hyperventilation range (Table 5).
Table 5. Capnometry – End Tidal (ET) CO2 Measures (mmHg)
Case no.
Pre ET CO2
Post ET CO2
P1
40
38
P2
27
41
P3
29
30
P4
42
41
P5
31
37
P6
26
36

Lung function
Only one participant (P3) had improved lung function. In this participant FEV1 increased from 29% of
the predicted value for age, gender and height to 39% of predicted. FVC also increased from 54% of
predicted to 70%. Participant 3 had a reduction of FVC from 159% of predicted to 88% of predicted
despite no change in FEV1 [46] (Table 6).
Table 6. Lung Function Measures*
Case
No.
P1

Pre FEV1

2.45

Pre
FEV1
%
Predicted

77

Post FEV1

2.07

Post
FEV1 %
Predicted

70

Pre FVC

3.54

Pre FVC
%
Predicted

88

Post FVC

3.25

Post FVC
%
Predicted

86

P2
3.81
101
3.7
99
4.19
95
4.38
99
P3
0.7
29
1.01
39
1.76
54
2.38
70
P4
2.95
68
2.82
64
4.22
78
4.61
86
P5
2.41
80
2.49
82
4.55
159
3.21
88
P6
3.58
90
3.66
92
4.25
93
4.8
104
*Forced Expiratory Volume at 1 second (FEV1) in Litres, pre and post treatment. Forced vital capacity
(FVC) in Litres, pre and post treatment
Quality of Life and Psychometric Questionnaires
On the Asthma Quality of Life Questionnaire only one participant (P2) achieved a minimally
significant clinical change or MCID of 0.5 for this score (Table 7). Five of the six participants reported
an increase in perceived control of asthma symptoms (Table 8). Four participants were in the
reference range for depression (score > 7) at the beginning of their treatment and three remained in
this range post treatment. Three participants were in the reference range for anxiety (score >7) at
the beginning of treatment and three remained in the reference range for anxiety at the end of
treatment (Table 9).
Table 7. Asthma Related Quality of Life Questionnaire (AQLQ)*
Case no.
Pre AQLQ
Post AQLQ
Follow Up AQLQ
P1
5.63
5.88
5.88
P2
5.88
6.59
6.66
P3
3.84
3.97
3.75
P4
6.06
6.4
6.5
P5
5.72
5.81
5.88
P6
5.9
6.28
5.88
*AQLQ pre treatment, post treatment and at one month follow up
Table 8. Perceived Control of Asthma Questionnaire (PCAQ)*
1 Month Follow
Case no.
Pre PCAQ
Post PCAQ
Up PCAQ
P1
36
44
39
P2
43
53
51
P3
38
31
31
P4
41
51
52
P5
32
39
38
P6
41
44
44
*Perceived Control of Asthma Questionnaire pre treatment, post treatment and at one month follow
up.
Table 9- Hospital Anxiety and Depression Scale (HADS)*
Case No.
Pre HADS
Post HADS
Follow Up
Pre HADS
(D)
(D)
HADS (D)
(A)
P1
3
3
4
6
P2
15
2
10
10
P3
9
11
8
6
P4
3
0
0
1
P5
9
9
8
9
P6
8
8
7
11

Post HADS
(A)
6
6
12
1
11
13

Follow Up
HADS (A)
8
9
9
1
10
13

*Hospital anxiety and depression scale scores pre-treatment, post treatment and at one month
follow up.
Discussion
The most significant findings in this case series were that most participants showed normalisation of
objective DB measures, improvement in respiratory and non-respiratory DB symptoms, and
increases in their perceived control of asthma. While there were some improvements in lung
function parameters (FEV1 and FVC), depression and anxiety symptoms (HADS) and quality of life
measures (AQOL) for different individuals, changes were not consistent across the group. The
improvements in DB measures and DB symptoms despite lack of improvements in lung function are
consistent with findings in other research that utilised more intensive breathing therapy without the
addition of manual therapy [47-49].
Normalisation of Dysfunctional Breathing Measures
In this case series a general trend towards normalisation of all DB measures was observed in the
majority of participants. Five of six participants showed improvements in breathing pattern. The one
participant who did not improve (P1) showed optimal breathing pattern in all challenge situations
from the start therefore improvement was not possible. Four participants with chronic
hyperventilation were hypocapnic (ETCO2 in the hypocapnic range <32 mmHg) at the start of
treatment; only three were hypocapnic at the end of treatment.
Reduction of Dysfunctional Breathing Symptoms
Five of the six participants had improved DB symptoms as measured by the NQ scores at the end of
treatment and all participants showed improvements in the SEBQ, although the changes were
minimal (1-2 points) in two participants. The participant who had completely optimal balanced
breathing pattern at rest and during postural and respiratory challenge at the start of treatment (P1)
did not have any improvement in NQ scores and the least improvement in SEBQ scores by the end
of the treatment period.
The findings above showing a link between improved breathing pattern and dysfunctional breathing
symptoms is consistent with research showing that hypertonicity and poor responsiveness of
respiratory muscles to central ventilatory drive is an important contributor to perceived respiratory
symptoms in people with asthma[23].
Psychometric and Quality of Life Measures
Perceived control of asthma improved in the majority of participants (5 of 6 participants), despite
the fact that only one participant achieved minimally clinical significant change in asthma specific
quality of life scores as measured by the AQOl. Asthmatics with DB have been found to have a
decrease in subjective sense of control as measured by the perceived control of asthma
questionnaire (PCAQ) [50]. Reduced sense of control has been shown to increase anxiety, fear and
emotional distress and adversely affect a range of health outcomes [51]. Lack of perceived control
associated with anticipation of not being able to satisfy one’s ventilatory needs has been shown to
play a part in conditioning inappropriate and excessive increase in ventilation and sensitization to
bodily symptoms [52]. This suggests that the PCAQ might be useful for evaluating positive outcomes
in asthma patients with DB in a dimension of quality of life not evaluated by the AQOL. Apart from
one participant (P3) who had an improvement in depression symptoms it did not seem that the
treatment produced noticeable changes in mood.
Lung Function Changes

One participant (P3) had a simultaneous increase in both FEV1 and FVC at post treatment
measurement. As ratios between these measures did not change in this patient, it suggests that the
improvements may have been due to the observed improvement in breathing mechanics (chest
expansion measures and breathing pattern as measured by the MARM) rather than to
improvements in actual lung function. No improvement in lung function was observed in other
participants.
This lack of improvement in objective lung function measures such as FEV1 and FVC is consistent
with much research on manual therapy [14, 15] and breathing retraining [47] although some recent
studies have shown improvement in lung function parameters in patients undergoing targeted and
intensive breathing retraining for periods in excess of 3 months [53].
Limitations
Given that this study reports on patients treated in the context of normal clinical environment
examiners were not blinded when assessing outcome measures. Medication usage on testing days
was not recorded, therefore any possible effect of medications on lung function or breathing pattern
on testing days is not known. While improvements in the MARM were observed this is a somewhat
subjective measure for which MCID has not been established.
Conclusion and recommendations for future research
Manual therapy combined with breathing retraining resulted in improvements in most DB measures
in most of the participants in this case series. It did not lead to improvements in spirometric
measures of lung function. Consequently, manual therapy and breathing retraining in these patients
can reduce symptoms and complications even if the do not produce measurable change in lung
pathology or lung function, particularly in asthma patients with DB .
The trends observed in this case series suggest that formal research utilising treatment packages
that combine manual therapy with breathing retraining are warranted. Recent reports that DB is
more prevalent in COPD patients than in asthma patients with similar effects on symptom escalation
[54] suggest that this type of treatment package could be tested on patients with COPD as well as
patients with asthma.
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Figures- Breathing Muscle Reset Techniques

Figure 1: Prone post isometric relaxation and stretch for lower rib cage with
resistance post inhalation and lateral stretch on exhalation.

Figure 2: Diaphragm proprioceptive training with operators hands on
lateral aspects of the ribs.

Figure 3: Diaphragm proprioceptive training with operators hands on the abdomen
and back

Figure 4: Side-lying post isometric relaxation and stretch for lower rib cage
with resistance post inhalation and stretch on exhalation

Figure 5: Soft tissue massage and myofascial release of abdominal muscles and subcostal region.

Figure 6: Facilitation of diaphragm doming using upward pressure from
the abdomen and downward pressure on lower ribs.

Figure 7: Myofascial release on lateral neck fascia and scalene muscles

Figure 8: Supine post-isometric relaxation and stretch for lower rib cage with
resistance post inhalation and stretch on exhalation

Figure 9: Post-isometric relaxation and stretch of upper ribs and anterior
neck region

Figure 10: Post-isometric relaxation and stretch of upper ribs and anterior neck
region.

