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Abstract This study investigated the effects of one ses-

sion of Yoga Nidra (relaxation technique) on the breathing

patterns/respiratory effort in the thoracic and abdominal

chest regions of boys with disruptive behaviour using a

Respiratory Inductive Plethysmography (RIP). The partic-

ipants (n = 7) were aged 10–15 years and attending NSW,

Department of Education (DET) special schools for chil-

dren with disruptive behaviour (DB). Results were com-

pared with three students (one female) aged 15 years

without DB. The seven boys had previously participated in

a 13-week yoga program. During this program participants

were progressively taught the practice of Yoga Nidra. The

comparison group did not participate in the yoga program

but underwent the same procedure for collection of data as

the yoga group. Using Compumedics ‘‘ProFusion Poly-

somnography (PSG)’’ software and further analyses in

‘‘Polyman’’ European Data Format ? (EDF), data were

analysed by identifying breathing as unstable or stable.

Unstable breathing was identified as fluctuations in rate/s

of breathing effort, amplitude, cessation of breath, and

thoracic or abdominal predominance. Results indicated that

boys with disruptive behaviour generally displayed unsta-

ble breathing patterns throughout the pre-recording period

and showed more stable breathing during Yoga Nidra

compared with pre- or post-recording periods. There were

also examples of reductions in thoracic dominance during

Yoga Nidra. The comparison group’s breathing patterns

throughout the three phases of the process were found to be

stable.

Keywords Disruptive behaviour � Respiratory patterns �
Yoga Nidra � Relaxation � Behaviour disorders �
Emotional disorders

Introduction

Breathing patterns and breath rates in young people with

disruptive behaviour have received little attention in the

literature. Atypical breathing patterns and breath rates

are more commonly associated with Anxiety Disorders

(Innocenti 2002). Disruptive behaviour also known as

externalising behaviour, is a term used to describe a con-

stellation of behaviours that have serious personal, social

and educational implications for children and young

people (DET 1998; Wicks-Nelson and Israel 2003). These

behaviours can include inattention, hyperactivity, non-

compliance, impulsivity and risk-taking behaviours associ-

ated with Attention Deficit Hyperactivity Disorder (ADHD),

Oppositional Defiant Disorder (ODD) and Conduct Disorder

(CD) (APA 2000). Internalising behaviours associated with

Anxiety Disorder (AD), Emotional Disorder (ED) and

Depression are frequently comorbid (APA 2000).

The psycho-physiological parameters of breath rate,

heart rate and blood pressure are influenced by the activity

of the autonomic nervous system (ANS) that in turn is

affected by stress (Berridge and Waterhouse 2003; Plizska

et al. 1996; Ramos and Arnsten 2007). Stress as a factor in
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behaviour problems is becoming increasingly evident

(Beauchaine et al. 2001; Boyce et al. 2001; Garralda et al.

1991; McBurnett et al. 1991; Pine et al. 1998). Ramos and

Arnsten (2007) suggests that stress causes a neurochemical

switch from the pre-frontal cortex of the brain (known to

guide and control behaviour) to the posterior and subcor-

tical regions with consequent diminished ‘executive’

behavioural control. This action contributes to the stress

response in the autonomic nervous system via the sympa-

thetic nervous system (SNS) where adrenalin is released by

the adrenal medulla. Increases in adrenalin enhance pul-

monary function. Increases in heart rate and blood pressure

also occur. This process prepares the body for the flight or

fight response (Ramos and Arnsten 2007). In contrast the

parasympathetic system (PNS) leads to rest, conservation

and restoration of energy and a reduction in respiration

rate. In addition, heart rate and blood pressure are reduced

(Ramos and Arnsten 2007). In children with disruptive

behaviour, the fight or flight response to stress is

more frequently activated than in children without DB

(Beauchaine et al. 2001). In the healthy person, this response

is temporary but where stress levels persist, atypical respi-

ratory patterns endure, creating psychopathological condi-

tions (Ramos and Arnsten 2007; Stovik 2000).

The breath is also linked to respiratory sinus arrhythmia

(RSA). RSA is derived from the association between

inhalation and exhalation and heart rate. Inhalation

accompanies increased heart rate and sympathetic tone and

exhalation accompanies decreased heart rate and increased

parasympathetic tone (Beauchaine, et al. 2001). Boyce

et al. (2001) found that RSA levels discriminated children

with externalizing and internalizing (anxiety, depression)

problems and also from controls when investigating auto-

nomic reactivity to environmental stimuli. Internalizers

showed increased RSA reactivity (greater parasympathetic

withdrawal under challenge). Externalisers showed low

reactivity, in both autonomic branches. Beauchaine et al.

(2001) found that an ADHD/CD group and an ADHD only

group, were differentiated from a control group on RSA.

Beauchaine et al. (2001) additionally found erratic activity

of the behavioural activating system (BAS) (subserves

appetitive motivational functions) and lack of inhibition of

the SNS with low PNS in young people with behaviour

disorders.

Studies on breath (Ley 1999; Stovik 2000) have found

that the passive breathing cycle of inspiration and expira-

tion is affected by emotional, mental, and physical states.

Additionally, changes in amplitude, rate, and duration of

the expiratory phase have been associated with anger and

changes in the inspiratory phase, with sadness and fear

(Bloch et al. 1991). Fear, sadness and anger tend to be

displayed more frequently and more intensely in children

with externalising and internalising behaviour problems.

Similar evidence was found in a study investigating the

relationship between emotional feelings and respiration. It

was found that that generating the emotions of joy, anger,

fear and sadness produced distinct breathing patterns.

Subsequent reproduction of these distinct breathing pat-

terns produced the same emotions (Philippot et al. 2002).

To summarise, changes in breathing rates and patterns

can be attributed to stress, the activity of the central and

autonomic nervous system, RSA and physical, mental and

emotional states. These parameters are all relevant to the

psycho-physiological states of young people with disrup-

tive behaviour.

Common treatments for behaviour disorders are phar-

macological interventions (Patrick et al. 2009), behaviour

management (Reynolds and Stephenson 2008) and cogni-

tive behaviour therapy (Wheatley et al. 2009). Psycho-

physiological treatments are less utilized (Ramos and

Arnsten 2007).

Yoga therapy is one such psycho-physiological treat-

ment. Yogic practices (including breathing practices,

relaxation and meditation) have been found to influence the

activity of the autonomic nervous system in studies of

participants with and without externalising and internalis-

ing behaviours.

Yoga Nidra, is a specific yogic relaxation practice

adapted by Satyananda (1984). Vempati and Telles (2002)

employed a similar yoga relaxation practice to Yoga Nidra.

Baseline and post-tests of breath volume (BV) was mea-

sured in the guided relaxation (GR) and in supine rest (SR).

Participants (n = 35) were males with yoga experience.

Breath amplitude significantly increased (p \ .02) in the

guided relaxation. This effect was associated with a

reduction in physiological arousal resulting in the activa-

tion of the parasympathetic nervous system.

A number of studies have investigated Yoga Nidra’s

effect on other psycho-neuro-physiological parameters.

Changes in brain wave frequencies (Mangaltheerthan

1988), neural structures (Lou et al. 1999), and increases in

dopamine release have been found with the practice of

Yoga Nidra (Kjaer et al. 2002). Additionally Yoga Nidra

has been found to be of equal efficacy as Impiramine, SKY

and electroconvulsive therapy (ECT) in the treatment of

patients with depression (Janakiramaiah et al. 2000).

The following studies investigated the effects of yoga

practices (including relaxation) in young people with

externalising and internalising behaviour problems. Telles

et al. (1997) found that breathing rates were found to be

significantly higher in adolescent girls with social and

emotional problems (n = 40) compared with girls without

these problems (n = 40). After participating in a yoga or

physical activities program for one hour a day for

6 months, breathing rates significantly reduced (p \ .02) in

one group of girls with social and emotional problems who
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practised yoga (n = 14) but not in a second group of girls

with similar problems (n = 14) who practised physical

activities. Another study (Suarez 2002) employed Sudar-

shan Kriya Yoga (SKY) as a treatment for anxiety and

aggression in a non-randomized trial. Participants (n = 86)

aged 13–18 years were juvenile offenders who had com-

mitted violent crimes. SKY instruction was given (20–25 h

per week) including 30 min of guided meditation and

breathing three nights a week for 4 months. Results indi-

cated reduced levels of anxiety, anger, fear, reactive

behaviour and fighting.

In yoga relaxation, the conscious awareness and

consequent regulation of the passive exhalation phase

(rechaka) and the inhalation phase (pooraka) is thought to

give conscious control over the relaxation response

(Satyananda 1984). This results in deeper and slower

exhalations resulting in reduced breath rate (Arambula

et al. 2001; Winslow and Stevens 1983).

A clear link has been established between respiratory

patterns, the autonomic responses and stress responses in

anxiety disorders Innocenti (2002). However, no such link

has been established in young people with disruptive

behaviour. Investigating breathing patterns in young people

with disruptive behaviour and the effect of Yoga Nidra

relaxation technique on breathing patterns was the aim of

this study.

Methods

Ethical approval for the study was obtained from the

University of Sydney Human Research Ethics Committee

and the Strategic Research Directorate of the Department

of Education and Training (DET), NSW.

Participants

Participants were seven boys aged 10–15 years (mean age

12.6 years, SD 2 years) attending NSW, Department of

Education and Training Special Schools for disruptive

behaviour. Participants had previously participated in a

school based 13 week yoga program that included asanas

(postures), breathing practices and Yoga Nidra.

Six of the boys had a diagnosed mental health disorder,

including externalising and internalising problems. The un-

diagnosed boy was assessed by a school counsellor with

Mental Health 3 (a DET mental health classification)

indicating both externalizing and internalizing behaviours

(see Table 1).

Comparison data were collected from adolescents

(n = 3) mean age 15.2 years, SD .05 years) without dis-

ruptive behaviour who were attending mainstream schools.

The comparison group cannot be regarded strictly as a

control condition. Insufficient numbers, a slightly older

mean age, mixed gender and the inclusion of twins con-

tributed to this weakness.

Procedures and Settings

Data were collected in a still, supine position (lying face

upwards on the floor) for 5 minutes before, 10 minutes

during, and 5 minutes after the Yoga Nidra practice. This

process took place in the same location as the program of

yoga sessions. A qualified technician was responsible for

Table 1 Behaviour status, age, duration of enrolment, diagnosis, medication status for all participants

Disruptive behaviour

(DB) or/Non BD

Age

(Years)

Months enrolled at behaviour

school at beginning of study

Number of Yoga

classes attended

Behavioural

diagnosis/

Assessment

Medication

status

1 BD 16 16 21 PTSD, ED Risperdone

2 BD 11 6 16 ODD, ED Ritalin

3 BD 12 8 17 CD Catapres

4 BD 13 20 15 ADHD, CD Ritalin

5 BD 10 7 16 ODD, ED, LD Dexamphetamine

6 BD 14 2 18 MH3 None

7 BD 12 7 18 CD, LD None

Mean 12.6

(2.0)

9.43 (6.26) 17.29 (1.98)

8 Non BD (female) 15 Mainstream school N/A No diagnosis None

9 Non BD 15 Mainstream school N/A No diagnosis None

10 Non BD 15 Mainstream school N/A No diagnosis None

N/A Not applicable, PSTD post traumatic stress disorder, ED emotional disorder, CD conduct disorder, LD learning disorder, ADHD attention

deficit hyperactivity disorder, MH3 mental health–externalising and internalising behaviours, ODD oppositional defiant disorder. Numbers 1–10

refer to participants

J Child Fam Stud (2012) 21:667–681 669
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setting up the equipment and explained the requirements

for its successful use to the researchers and participants.

The DB participants completed a 13 week yoga training

program including asanas (postures), breathing practices

and Yoga Nidra. Prior training familiarized the participants

with the Yoga Nidra practice and enabled them to lie still

for 20 minutes during the measurement of a single yoga

session.

Instruments

Equipment

Compumedic’s thoracic and abdominal Respiratory

Inductive Plethysmography (RIP) and ‘‘Summit IP’’ soft-

ware on a Compumedics Siesta with ‘‘Profusion PSG’’ was

used to collect and analyse data and further analysis was

done with ‘‘Polyman’’ EDF ? software. The RIP are bands

secured around the chest and abdominal regions which

measure the movement of these regions resulting from the

breathing process.

Behaviour, Anxiety, and Self-Esteem Measures

Standardised measures were employed to confirm diagno-

ses and to obtain baseline data and post-test data on

behaviour, anxiety, and self-esteem at the time of entering

the yoga program and on completion of the 13 week yoga

program. Measures included Conners Teacher Revised:

Long Version (CTRS-R:L), (Conners 1997), State Trait

Anxiety Inventory (STAI) (Spielberger 1983) and State

Trait Anxiety Inventory for Children (STAIC) (Spielberger

1973) and Self Description Questionnaire 1 and 2 (SDQ I

and II) (Marsh 1990).

Relaxation Yoga Technique: Yoga Nidra

In the guided practice of Yoga Nidra, participants were

given instructions involving awareness of sensory input,

the breath and various body parts. Swami Satyananda

Saraswati, the founder of Bihar School of Yoga (BSY) in

Munger, India simplified and systemised this ancient tan-

tric process which he describes as a ‘‘systematic method of

inducing complete physical, mental, and emotional relax-

ation, while maintaining waking awareness’’ (Satyananda

1984, p 1).

The Yoga Nidra Technique

Yoga Nidra as applied to children and adolescents with dis-

ruptive behaviour needed to be adapted in this study to cater

for the deficits in attention, involving poor listening skills,

concentration, perseverance, and consequently a propensity

towards boredom, agitation, restlessness, and oppositional

behaviour. To this end, a shortened form of the technique was

slowly taught over a 13 week period during 2–3 sessions a

week starting with 30 seconds and slowly progressing to up

to 15 minutes, taught in groups of up to five students and as a

component of a comprehensive yoga program.

Yoga Nidra begins with instructing the children to lie

down on a yoga mat, placing their legs 30–40 cm apart,

arms beside their bodies with their palms facing upwards,

checking that their spine is straight and in a line with their

head and neck, tucking their chin into lengthen the back of

their neck and dropping their shoulders away from their

head. With this initial component accomplished, instruc-

tions are slowly introduced, beginning with awareness of

environmental sounds, initially for 30 seconds which over

time was increased to several minutes. During sound

awareness children were asked to hear the sounds without

thinking about what was making the sound or their response

to the sounds. Most students seemed to experience this

component as they generally remained quiet and still. Once

they displayed competence in this component of Yoga Ni-

dra, an affirmation, spoken silently to themselves, was

introduced stating, ‘‘I can remain still and quiet throughout

the practice of Yoga Nidra’’. The next phase required firstly

becoming aware of the breath in the nostrils, chest then

abdomen without manipulation then silently counting the

breaths backwards from a number specified by the

instructor. The next phase involves becoming systemati-

cally aware of the parts of the body that are in contact with

the floor, feeling sensations and weight followed by abstract

sensory awareness of body parts, moving progressively

through the body starting with fingers, hands, arms and

down the front of the body to the toes on the right side then

the left side and then up the back of the body to the head.

The practice ends with listening to sounds, then slowly

orienting back to external awareness by slowly moving toes

and fingers and visualising the room in which they are lying.

Although it could not be ascertained that the students

were experiencing all the guided instructions, students

remained still and quiet. Remaining still and quiet are

states not consistent with these frequently hyperactive,

non-compliant students. Sleep was not observed in any of

the participants.

Analysis

Using Polyman EDF ? software to display data exported

from Compumedics ‘‘Profusion PSG’’ Software, data were

analysed by identifying variations in patterns of breathing

effort from the observations of 1 min screen shots and

screen shots for pre (5 min), during (10 min) and post

(5 min) Yoga Nidra.

670 J Child Fam Stud (2012) 21:667–681
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Polyman provided screen shots of abdominal and tho-

racic breathing with adjustable time spans and mV readings.

This allowed researchers to visually examine breathing

patterns in detail. Artifacts represented by very erratic

breath rates and amplitude in addition to uneven inhalation

and exhalation respiratory muscle expansion patterns within

a breath cycle in the students with disruptive behaviour,

made calculating means of breath rate and amplitude

readings for the individual and group an unreliable method

of analysis. To report results in a standard and consistent

manner, one-minute screen shots for each of the seven DB

students from the third minute pre, and post Yoga Nidra

which is half way through each phase and from the sixth

minute during Yoga Nidra which is half way through the

Yoga Nidra phase, were selected. A profile of each child at

the beginning of the yoga program intervention and prior to

the collection of Yoga Nidra data was also included. This

same analysis except for a detailed profile was applied to the

control group. Unstable breathing was identified as major

fluctuations in the rate of breathing and/or amplitude

compared with rate and amplitude of controls. Respiratory

mode (abdominal/thoracic predominance) and apneic and

apneusic pauses were also noted. Apnea is a cessation of

breathing in the exhalation phase and apneusic is a cessation

of breathing in the inhalation phase of the respiratory cycle.

Results

It was hypothesised that yoga would reduce the students’

anxiety levels as measured on the STAI and STAIC, improve

self-esteem levels as measured on the SDQ I and II, and

improve classroom behaviour as measured on CTRS: R-L.

Table 2 presents the mean norms and pre and posttest

results for the anxiety and self-esteem measures and the

behaviour rating scales employed in the study.

STAIC and STAI results, indicated a reduction in anx-

iety, however, neither of these were significant. SDQ I and

II, Total Self-Concept Subscale, indicated an improvement

of approximately seven t-score points, however this

improvement was not significant. CTRS: R-L, T-scores

results in the Anxious/Shy Subscale indicated a reduction

from a mildly significant problem to a borderline problem.

T-scores in the Hyperactive Subscale, indicated a reduction

from a mildly significant problem to a borderline problem.

T-scores in the Inattentive Subscale and in the Emotional

Lability Subscale, indicated an increase from a borderline

problem to a mildly significant problem. However, none of

these results were significant. Analysis was conducted

using the General Linear Model.

Yoga Nidra Results

All participants were observed lying continuously motion-

less in a supine position for the duration of the testing. If any

isolated movements occurred, these movements were

labelled on the data recording. Table 1 presents the partic-

ipants’ mental health status, age, number of months enrolled

in a behaviour school, medication status prior to the mea-

surement of respiration during Yoga Nidra. This sample

comprised students with predominantly externalising

behaviours, with three of the seven behaviour students pre-

senting with comorbid emotional disturbance or internalis-

ing problems; one student had internalising behaviours only.

Analysis of the breath data for the comparison group

was easy to interpret due to the regularity of both breath

rate and amplitude for all three participants. These data are

presented in Figs. 3 and 4. For students with disruptive

behaviour, although there were examples of the breath

regularising before, during and after Yoga Nidra, it was

difficult to quantify all breath rates especially in the pre-

Yoga Nidra phase, which generally indicated erratic

Table 2 Pre- and post-test means, SD, F and P values on the STAIC and STAI–trait-anxiety, SDQ I and II and CTRS-R: L for A Yoga Nidra
study participants

Measure Mean norm T-scores N Pretest mean T-scores Posttest mean T-scores F P Eta2

STAI 50 (Spielberger 1973, 1983) 4 50.25 (6.0) 47.5 (12.58) .123 .749 .039

STAIC 47 (Spielberger 1973, 1983) 3 43.66 (2.51) 40.33 (11.59) .175 .716 .081

SDQ1and II total self 50 (Marsh 1990) 7 47.71 (11.90) 54.43 (17.77) .1.64 .249 .215

CTRS: R-L Anxious/Shy 45–55 (Conners 1997) 5 64.4 (10.08 56.2 (12.99) 1.09 .355 .215

CTRS: R-L hyperactive 45–55 (Conners 1997) 5 62.2 (9.75) 59.6 (13.22) .204 .675 .048

CTRS: R-L inattentive 45–55 (Conners 1997) 5 54.6 (13.06) 57.6 (6.8) .183 .691 .044

CTRS: R-L emotional lability 45–55 (Conners 1997) 5 59.2 (12.02) 62.6 (12.67) .152 .717 .037

Note 1. When interpreting results for the STAI (State Trait Anxiety Inventory) and STAIC (State Trait Anxiety Inventory for Children) the higher

the t-score the higher the anxiety. 2. When interpreting results for the SDQ I andII (Self -Description Questionnaire) the lower the t-score the

lower the self-esteem. 3. When interpreting results for the CTRS: R-L; (Conners’ Teachers’ Rating Scales:Revised–Long Version) 61–65 t-score

indicates Mildly Atypical Possible Significant Problem; 56–60 t-score indicates Atypical (borderline: should raise concern); Average (typical

score) 45–55
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breathing patterns involving irregular breathing rates,

inconsistent amplitudes and unequal inhalation and exha-

lation lengths (see Figs. 1, 2). Reporting averages would

not have been accurate nor would reporting minimum and

maximum amplitudes per minute been representative or a

useful measure for comparison. To convey indications of

the type of patterns occurring, one-minute screen shots of

breathing patterns at standard times (midway through each

phase of Yoga Nidra) are displayed in Fig. 1. Additionally

screen shots of the five-minute pre, the ten-minute during

and the 5-minute post Yoga Nidra (Fig. 2) were view to

enable a general analysis for each child. These screen shots

revealed times of erratic breathing patterns and times of

stabilising trends (Fig. 3).

Participant Studies

Table 1 details information about each participant con-

cerning behaviour status, months of school enrolment,

number of yoga sessions completed prior to the Yoga Nidra

study, diagnosis and medication status of disruptive

behaviour students and comparison group. Figure 1 pre-

sents one-minute screen shots for each participant in the

disruptive behaviour group- mid pre, during and post Yoga

Nidra. Figure 2 presents screen shots of the total trial for

each participant in the disruptive behaviour group -pre

(5 min), during (10 min) and post Yoga Nidra (5 min).

Figure 4 presents one-minute screen shots for each par-

ticipant in the comparison group- mid pre, during and post

Yoga Nidra. Figure 4 presents screen shots of the total trial

for each participant in the control group participants-pre

(5 min), during (10 min) and post Yoga Nidra (5 min).

Participant 1

Participant one was a 15 year boy who had been enrolled at a

behaviour school for 16 months with a paediatrician diag-

nosis of Post Traumatic Stress Disorder and Emotional

Disorder in addition to anxiety, acting out and violent fan-

tasies as reported by school counsellor. He was medicated on

Risperdone. Pre-intervention assessment indicated signifi-

cant anxious/shy, perfectionist behaviour, oppositional

behaviour and borderline social problems (CTRS-R:L). He

self-rated a low total-self score (t-score 33) (SDQ-11) and

heightened anxiety (t-score 65) (STAI).

Breathing patterns in mid pre Yoga Nidra 1 min screen

shot were distinguished by an extremely slow breathing

rate (approximately 6 BPM) with frequent breath cessation

episodes and thoracic dominance and represented the five-

minute duration. This pattern continued into Yoga Nidra

but became quite stable in the last 3 minutes of Yoga Nidra

(see insert Fig. 1) especially in the abdominal breath where

the breath rate increased to within normal limits, the

amplitude became regular especially in the abdominal

breath and breath cessation ceased although a thoracic

dominance remained This stable breath continued into post

Yoga Nidra where the thoracic breath stabilized further and

displayed a decrease in amplitude comparable with the

abdominal breath and became comparable to control par-

ticipants 8 and 10.

Participant 2

Participant two was an 11 year boy who had been enrolled

at a behaviour school for six months, with a paediatrician

diagnosis of Oppositional Defiant Disorder and Emotional

Disorder; he was medicated on Ritalin. His pre-interven-

tion teacher assessment indicated significant hyperactivity,

restless, impulsive and oppositional behaviour with bor-

derline emotional lability (CTRS-R: L). He self-rated an

inflated total-self score (t-score 63) and an absence of

anxiety (44 t-score) (STAIC).

Breath rate mid pre-Yoga Nidra was approximately 13

BPM with thoracic and abdominal breathing comparable.

The amplitude fluctuated but the inhalation and exhalation

duration was generally even. During Yoga Nidra, the breath

rate increased to approximately 18 BPM, there was a

marked decrease in amplitude and breathing in the last

3 minutes of Yoga Nidra (see insert Fig. 1) with exhalation

and inhalation lengths equalising although thoracic

breathing predominated. Breathing patterns post Yoga

Nidra as seen in mid 1 min screen shot and the five-minute

screen shot were very erratic in relation to amplitude,

inhalation and exhalation volumes with both thoracic and

abdominal breath rate too difficult to calculate. In post

Yoga Nidra participant expressed the need to get up and

became restless.

Participant 3

Participant three was a 12 year old boy, enrolled at a

behaviour school for eight months, with a paediatrician

diagnosis of Conduct Disorder. He was medicated on

Catapress. Pre intervention assessment by the teacher

indicated minimal behaviour problems with all scales

falling within the average range (CTRS-R: L). Participant’s

self-rated total-self concept was inflated (t-score 63) with

below average anxiety (t-score 41) (STAIC).

Breath rate and amplitude as seen in the mid pre-Yoga

Nidra and in the five-minute screen shot were thoracic

dominant, irregular and difficult to determine despite a

small section of more regular breathing. This pattern con-

tinued into the Yoga Nidra phase but became more stable in

the last 3 min (see insert Fig. 1) with the breath rate

slowing with more regular abdominal, though still slightly

irregular thoracic dominance. The rate was quite fast at
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Fig. 1 Disruptive behaviour group of mid pre, during and post Yoga
Nidra 1 min screen shots. Note: Extra screen shot for participants 1,2

and 3 indicate increased stability of breath during the Yoga Nidra phase.

Data is presented in one-minute screen shots displaying amplitude and

breathing rates measured in abdominal (lower reading) and thoracic

regions (upper reading) of the participants with behaviour disorders.

Column one defines each participant. Column two displays the third

minute of recorded data from pre Yoga Nidra (5 min). Column three

displays the sixth minute of recorded data from Yoga Nidra practice

(10 min). Column 4 displays data from the 8th minute of the Yoga Nidra
practice for three participants. Column 5 displays the 3rd minute of

recorded data from post Yoga Nidra practice (5 min). Compumedic’s

thoracic and abdominal Respiratory Inductive Plethysmography (RIP)

and ‘‘Summit IP’’ software on a Compumedics Siesta with ‘‘Profusion

PSG’’ was used to collect and analyse data and further analysis was done

with ‘‘Polyman’’ EDF ? software
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P Pre Yoga Nidra

5min. 

 During Yoga Nidra 

10 min 

Post  Yoga Nidra 

5 min 

1 

2 

3 

4 

5 

6 

7 

Fig. 2 Disruptive behaviour Group Pre (5 min), During (10 min) and

Post (5 min) Yoga Nidra Screen Shots. Note: Paricipant 2 Pre Yoga
Nidra screen shot contains a section where tracer failed to register.

Data is presented in screen shots displaying amplitude and breathing

rates measured in abdominal (lower reading) and thoracic regions

(upper reading) of the participants with behaviour disorders. Column

one defines each participant. Column two displays the five-minutes of

recorded data from pre Yoga Nidra. Column three displays the 10 min

of recorded data from Yoga Nidra practice. Column 4 displays the

5 min of recorded data from post Yoga Nidra practice
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approximately 20 BPM. Breathing patterns post-Yoga

Nidra resembled patterns pre Yoga Nidra.

Participant 4

Participant four was a 13 year old boy, who had been

enrolled at a behaviour school for 20 months with a pae-

diatric diagnosis of Attention Deficit Hyperactivity Disor-

der and Conduct Disorder and was medicated on Ritalin.

Prior to the intervention, the teacher’s perception indicated

significant oppositional, hyperactive, anxious/shy and

social problems (CTRS-R:L). Participant self-rated a low

total-self score (t-score 38) (SDQ 11) with no anxiety

problems (t-score 52) (STAI).

The breath rate and amplitude throughout the three

phases remained relatively stable and unchanged partic-

ular pre and during Yoga Nidra; however, the breath rate

was fast at 25 BPM throughout compared with norm set

at between 14–20 BPM. This sample is unlike the

majority of the other participants in the disruptive

behaviour group.

Participant 5

Participant five was a 10 year old boy, who had been

enrolled at a behaviour school for seven months with a

paediatric diagnosis of Oppositional Defiant Disorder,

Emotional Disorder and Learning Disorder and medicated

on Dexamphetamine. When he entered the program

teachers rated his behaviour within the normal range

(CTRS-R:L). Participant self-rated in the average range

for self-esteem (t-score 47) SDQ-1 and without anxiety

(t-score 46) (STAIC).

In the mid pre-Yoga Nidra screen shot and in the first

half of the five-minute screen shot, some irregular breath-

ing patterns were evident. The breath rate as represented in

the one-minute screen shot was approximately 18 breaths

per minute, with some fluctuation in amplitude that was

more evident in abdominal breathing. Breathing patterns

began to stablise in the second half of the phase with

abdominal predominance. However, during the Yoga Nidra

phase, breath rate became more stable especially in the

final six minutes where thoracic and abdominal breathing

equalised. In post Yoga Nidra the breathing pattern became

P Pre  Yoga Nidra 

3rd min of 5min. 

During Yoga Nidra 

6th min of 10 min 

Post Yoga Nidra 

3rd min of 5 min 

8 

9 

10 

N/A 

Fig. 3 Comparison group, mid pre, during and post Yoga Nidra
1 min screen shots. Data is presented in one-minute screen shots

displaying amplitude and breathing rates measured in abdominal

(lower reading) and thoracic regions (upper reading) of the partic-

ipants with behaviour disorders. Column one defines each participant.

Column two displays the third minute of recorded data from pre Yoga
Nidra (5 min). Column three displays the sixth minute of recorded

data from Yoga Nidra practice (10 min). Column 4 displays the 3rd

minute of recorded data from post Yoga Nidra practice (5 min).

Participant 10 data was not recorded
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unstable identified by variations in rate and amplitude more

evident in the thoracic trace.

Participant 6

Participant six was a 13 year old boy, who had been

enrolled at a behaviour school for two months with a

school counsellor assessment of Mental Health 3 (inter-

nalising and externalising). He was described by staff at the

behaviour school as emotionally disturbed, lacking social

skills, frustrated by social interaction, with a tendency

towards violent expression of his frustrations.

Pre-intervention assessment and teacher perception indi-

cated significant hyperactive, restless/impulsive, opposi-

tional and social problems (CTRS-R: L) with his carer rating

him with the same significant problems apart from social

problems (CRS-R: L). Participant self-rated as having low

total-self score (t-score 38) (SDQ-11) with heightened anx-

iety problems (t-score 61) (STAI).

Pre Yoga Nidra breath rate and amplitude were thoracic

dominant, irregular and difficult to determine accompanied

by uneven exhalation and inhalation spans. However,

during Yoga Nidra the breath rate slowed with more reg-

ular thoracic and abdominal breathing. Breathing patterns

post Yoga Nidra resumed an irregular pattern but not to the

same extent as pre Yoga Nidra. These trends are more

clearly detected in the one-minute screen shots than in the

full phase screen shots.

Participant 7

Participant seven was 13 years old, who had been enrolled

in a behaviour school for seven months with a paediatric

diagnosis of Conduct Disorder and Learning Disorder.

At the beginning of the intervention teacher’s percep-

tion indicated marked to moderate significant atypical

problems on all scales of the Conner Teacher Rating Scales

(CTRS-R: L). Participant self-rated his total-self concept

within normal range (t-score 48) (SDQ-11 with some

anxiety problems (t-score 60) (STAI).

Breath rate was difficult to determine in the pre Yoga

Nidra phase as exhalation and inhalation lengths varied

considerably in both thoracic and abdominal breathing.

Due to this erratic pattern, amplitude was also difficult to

P Pre  Yoga Nidra 

5 minutes.

During Yoga Nidra 

10 minutes 

Post Yoga Nidra 

5 minutes 

8 

9 

10 

N/A 

Fig. 4 Comparison Group Pre (5 min), During (10 min) and Post

(5 min) Yoga Nidra Screen Shots. Note: Paricipant 8 during Yoga
Nidra screen shot contains a section where tracer failed to register.

Data is presented in screen shots displaying amplitude and breathing

rates measured in abdominal (lower reading) and thoracic regions

(upper reading) of the participants without behaviour disorders.

Column one defines each participant. Column two displays the five-

minutes of recorded data from pre Yoga Nidra. Column three displays

the 10 min of recorded data from Yoga Nidra practice. Column 4

displays the 5 min of recorded data from post Yoga Nidra
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determine. However, during Yoga Nidra the breath rate was

easier to measure at 13 BPM in the one-minute screen shot,

with more consistent amplitude. Abdominal breathing also

predominated in this phase. Compared with Yoga Nidra

practice, post Yoga Nidra showed a breath rate of

approximately 11 BPM with more regular amplitude and

rate. This remained quite steady with abdominal breathing

preference.

Participant 8

Participant eight was a 15 year old girl without a mental

health diagnosis who acted as a control. She was attending a

mainstream school. She was not an experienced yoga stu-

dent nor had she previously practiced Yoga Nidra. Breath-

ing patterns pre Yoga Nidra in both thoracic and abdominal

regions were very stable. Breath rate in the representative

sample screen shot was 16 BPM with amplitude stable.

During Yoga Nidra thoracic and abdominal breathing con-

tinued to be stable with an abdominal dominance and breath

rate slightly slower at 14 BPM with a steady amplitude. Post

Yoga Nidra thoracic and abdominal continued to be stable

with a thoracic dominance and a slightly faster breath rate at

15 BPM and amplitude steady.

Participant 9

Participant nine was a 15 year old boy and twin to the

15 year old girl control, attending a mainstream school

without a mental health diagnosis in the control group. He

was not an experienced yoga student nor had he previously

practiced Yoga Nidra. His mother reported him as being an

anxious boy.

Breathing patterns pre Yoga Nidra in both thoracic and

abdominal regions were very stable. Breath rate in the

representative sample screen shot was 19 BPM that is quite

fast, however the amplitude was stable. During Yoga Nidra

thoracic and abdominal breathing continued to be stable

and breath rate slightly faster at 20 BPM with a stable

amplitude. Post Yoga Nidra thoracic and abdominal con-

tinued to be stable with a slightly slower breath rate at 18

BPM and amplitude.

Participant 10

Participant ten, a 15 year old boy, was one of the controls.

He had no mental health diagnosis and attended a main-

stream school. He had practised yoga throughout his

childhood.

Breathing patterns pre Yoga Nidra in both thoracic and

abdominal regions were stable with abdominal predomi-

nance. Breath rate was stable at 11 BPM and with slight

variance in amplitude. During Yoga Nidra, thoracic and

abdominal breathing continued to be stable with an

abdominal predominance and breath rate slightly faster at

15 BPM and amplitude slightly less in the thoracic arm

than in the abdominal arm. No post Yoga Nidra readings

were recorded due to a technical failure.

General Observations

Throughout the Yoga Nidra practice the students’ attention

was drawn either to sounds or body awareness except for

1 minof the ten-minute practice when attention was drawn

to breath awareness. Breath awareness may have contrib-

uted to documented changes regardless of participants

being specifically instructed to not alter their breathing

effort. However, if breathing patterns were altered through

focused awareness this could be considered a legitimate

means of inducing relaxation, the core reason for testing

the technique and an indication that the students were

capable of developing such a skill.

Figures 1 and 2 reveals certain trends in RIP traces in

the pre Yoga Nidra phase. For example instability in

breathing patterns is consistently evident with difficulty in

determining breath rates and often extremely fluctuating

amplitude, particularly in most DB participants. Participant

one showed pronounced irregularity with apparent breath

cessation. Most had different durations of inhalation and

exhalation, sometimes within one breath and when com-

paring one breath to another. Participant four and five

display similar regularity in breathing rates though partic-

ipant five has more inconsistent amplitude. Participant two

displays overlapping rhythms within a regular pattern

going from small to larger amplitude, but generally has a

slower, deeper rhythm.

Within the Yoga Nidra phase six out of seven students

showed marked changes. For participants four, five, six

and seven these changes occurred at the beginning of

Yoga Nidra; for participants one, two and three these

changes occurred towards the end of the practice. This

involved a stabilizing of the rate and amplitude with

breath rate discernibly slower and deeper in participants

six and seven; the others had faster rates but with little

discernible effort. Participant 4 was the exception show-

ing more consistent breathing patterns throughout with

irregularity at the end of the post Yoga Nidra phase. In

participants two, five and six, during the post Yoga Nidra

phase, noticeable instability occurred despite a period of

relative stability during Yoga Nidra. However, the post

yoga phase did not display the same degree of instability

seen in the pre Yoga Nidra phase. Breathing patterns in

participant two, in post Yoga Nidra became quite erratic

compared with either pre or during phases. This student

expressed a need to get up and he became agitated when

he was asked to remain still.
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Results indicated that the majority of boys with dis-

ruptive behaviour consistently displayed unstable breathing

patterns throughout the pre Yoga Nidra period, showed

more stable breathing during Yoga Nidra and greater sta-

bility in the post-recording period compared with pre-

recording period.

Discussion

This study examined breathing patterns during a Yoga

Nidra session in students with disruptive behaviour with a

range of comorbid conditions including emotional distur-

bances and learning disorders and compared them with

students without disruptive behaviour.

The students in this study were part of a larger study

conducted over 18 months (3 months in each school),

involving 71 students from nine Department of Education

(DET) Behaviour Schools in Sydney, Australia. Each Yoga

session ranged from between 20–40 min (variation due to

level of involvement and co-operation). Each session

included a short relaxation (up to 5 min) at the beginning

and a Yoga Nidra (up to 15 min) at the end of the session.

The limited numbers in the Yoga Nidra study were due

to delays by the DET in giving approval for the study. Only

students from the last three schools in the study could be

included. The mean number of sessions completed by the

boys who participated in this study was 17.29 (1.98).

Participants had completed a school based 13 week

yoga program that included asanas (postures), breathing

practices, chanting sounds and Yoga Nidra. The measure-

ment of a single Yoga Nidra session was conducted upon

completion of the yoga training program.

The yoga program enabled the participants to readily

participate in the measurement of a single Yoga Nidra ses-

sion. Due to the low levels of cooperation characteristic of

behaviour disorders, it is doubtful that the participants would

have been capable of following the instructions given in the

Yoga Nidra practice, prior to the yoga training program.

The requirement to lie still for the 20 min would not

have been feasible if the participants had not been taught

the practice over the preceding 13 weeks. The Yoga Nidra

practice was gradually lengthened from 30 seconds

between 10 and 20 min. This method proved to be a fea-

sible means of exposing students with high levels of rest-

lessness, oppositional and aggressive behaviour and in

some cases anxiety, to a relaxation experience.

Yoga Nidra, taught progressively over a 13 week period,

proved to be a feasible means of exposing students with

high levels of restlessness, oppositional and aggressive

behaviour and in some cases anxiety, to a relaxation

experience. A high degree of compliance indicated that the

participants had acquired the ability to remain still and

quiet for up to 20 minutes, were able to follow a teacher’s

instructions, and developed enhanced sensory awareness

through recognition of the somatic aspect of the breathing

process and various parts of their bodies. The 13 yoga

program therefore did have effects on the parameters

measured in that it enabled them to be measured.

The Yoga Nidra study attempted to demonstrate that

lying still prior to practicing Yoga Nidra, did not impact on

breathing patterns whereas during Yoga Nidra and to a

lesser extent, after Yoga Nidra, breathing patterns were

affected. It would have been a more robust study to have

attempted to gather pre yoga program data but for reasons

already stated, researchers did not consider this feasible.

Predominate abdominal breathing (diaphragmatic) is

associated with a relaxed and or meditative state. It is

characterised by slow, deep breathing (Arambula et al.

2001). Results indicated that abdominal breathing did

indicate some predominance. Thoracic breathing, on the

other hand, is associated with overactivity in the chest wall

and upper thorax (Innocenti 2002; Stancak et al. 1991).

Many students in the DB group displayed continuous fast,

irregular and sometimes chaotic breathing particularly in

the pre Yoga Nidra phase, which according to Innocenti

(2002) is suggestive of hyperventilation and associated

with anxiety and stress (Ley 1999). However, hyperventi-

lation was not established. The unstable breathing patterns

recorded in the DB group, especially in the pre Yoga Nidra

phase, are frequently associated with anxiety, in particular

panic disorder and panic attack, yet only one boy had an

anxiety disorder (PTSD) (participant one) and one was

assessed as having both internalising and externalising

behaviour symptoms (participant six). Although two others

had emotional disturbances (participant two and five), this

may or may not have been associated with anxiety, neither

reported anxiety, yet both had breathing patterns consistent

with anxiety. The three remaining boys had externalising

disorders only, yet two displayed erratic breathing patterns

at the pre Yoga Nidra stage. The self -reported STAIC and

STAI results did not indicate anxiety, however, the

CTRS:R-L, pre-test results indicated that the participants’

teachers perceived anxiety levels in the Mildly Significant

Problem Range.

The Yoga Nidra practice, as evident from observations of

1 min screen shots, mid phase and to lesser a degree full

phase screen shots showed trends towards normalising

breathing patterns, stabilising breath rate and regulating

amplitude. Although breathing rate remained relatively

high in five of the seven DB students during the Yoga Nidra

phase, breathing was more regular despite being somewhat

shallow. Results for participants six and seven during Yoga

Nidra and participant one after Yoga Nidra are consistent

with previous research showing that relaxation training

reduced respiration rates (Sarang and Telles 2007; Schleifer
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and Ley 1994; Telles et al. 2000). The practice of Yoga

Nidra gave all the students with DB varying degrees of

relaxation associated with more normal patterns of ampli-

tude or slower breathing rates (Stovik 2000; Ley 1999).

In a randomised control study (Telles et al. 1997), found

a reduction in breathing rates in young people with diffi-

culty adjusting to home and society while undergoing a

similar yoga program. Many other studies involving yoga

relaxation and meditation have also reported reduced

breathing rates and volume (Aftanas and Golocheikine

2001, 2002, 2005; Arambula et al. 2001; Herzog et al.

1990; Kjaer et al. 2002; Sarang and Telles 2007; Telles

et al. 1995, 1998, 2000; Vempati and Telles 2002).

During Yoga Nidra, breathing patterns indicated

improved stability in amplitude and rate for most students

and four of the seven students retained this stability in the

5 min after Yoga Nidra. The breathing of participant two

became irregular after the Yoga Nidra practice compared

with his breath patterns during practice, but he was keen to

get up and did not want to remain still (as reported to the

researcher). The post Yoga Nidra instability also seen in

two other participants (five and six) may also have been a

result of frustration at having to remain still after the

practice was complete. This is suggestive of the difficulty

the DB students have in remaining still when the mind is

not focused. The effects found in this study could indicate a

reduction in sympathetic arousal that is associated with a

more relaxed state (Pal et al. 2004; Vempati and Telles

2002). While all students in the post Yoga Nidra phase

were no longer mentally engaged in the focus-oriented

practice of Yoga Nidra, most were able to remain still for

the purposes of further data collection.

In summary, the participants were not involved in any

activity that would have increased their breath rate, prior

to the first phase of the study (1st 5 min of lying still), yet

breathing patterns were unstable. Observations during the

13 week yoga program, indicated that lying motionless

was not an easy task, particularly for 20 min. The

unstable breathing patterns in the first 5 min differs from

the screen shots of more stable patterns during the 10 min

Yoga Nidra. Less stable patterns after the practice also

indicates that participants were responding differently

during the practice, and for some there was some residual

effect.

Although no pre data on the students breathing rates and

patterns was collected at the beginning of the yoga pro-

gram, the children tested displayed one or more charac-

teristic hyperactivity, impulsivity, inattention, oppositional

behaviour and/or emotional problems developed an ability

to remain still for the duration of the practice and follow

the instructions of the teacher. This behaviour during Yoga

Nidra is consistent with other findings that suggest that

Yoga Nidra is characterized by a reduced desire for

physical action or activity (Kjaer et al. 2002). To achieve

this state in young people with DB, Yoga Nidra is useful

given these are children with disruptive behaviour disor-

ders as categorised in the DSM-IV-TR (APA 2000).

Although the preliminary nature of this study and the

numbers were small, the modest outcomes are suggestive

of a relaxation response. Further study is warranted to more

fully substantiate the use of Yoga Nidra as a means of

treating disruptive behaviour.

Outcomes for the total group (n = 76) were seen in a

significant reduction of oppositional behaviour on the

CTRS-L:R, although it remained in the problematic range;

a 5:1 ratio of positive to negative observational comments

by teachers during yoga classes; significant improvements

in non-standardised measures of self-reported wellbeing,

post yoga sessions.

Future Directions

This study concentrated on the Yoga Nidra component of

the larger study undertaken. The influence of other prac-

tices taught in the 13 weeks prior to this Yoga Nidra study

cannot be underestimated. Theses practices trained students

to follow specific instructions in order to perform yoga

postures and breathe in prescribed ways. Lying still in Yoga

Nidra followed the very active phase of the program.

This sequence of activities appears to be of importance.

Therefore it is recommended that yoga programs designed

for this population include both an active and passive

components.

The therapeutic effects of techniques that modify

breathing may be cheaper, safer and easier than some drug-

based treatments, particularly if slow-rate and more regu-

larly paced abdominal-breathing becomes part of the

prescribed intervention. Responsiveness to this relaxation

technique could also have implications for the use of other

yoga techniques involving the modification of breathing.

However, unlike Yoga Nidra, which involuntarily changes

respiratory patterns, these techniques involve consciously

controlling the breath (pranayama).

To overcome ethical issues and to have access to more

psycho-physiological measuring instruments, conducting

the Yoga Nidra intervention at a sleep laboratory where

oro/nasal airflow patterns, ECG and EEG could be mea-

sured would be advantageous in future research.

The implementation of a relaxation program, such as

Yoga Nidra would require training classroom teachers to

use a compact disc or DVD of the practice. Therefore, with

some training, normal classroom teachers and specialist

teachers employed in schools for students with disruptive

behaviour and emotional problems could deliver this

resource. Familiarising students with this practice could

take some time. The yoga training program that the
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students in this study received before participating in the

Yoga Nidra study cannot be underestimated. Therefore

audio recordings or scripts of short to longer lengths would

be required in order to cater for students new to the prac-

tice. This is an important consideration for students who

find it difficult to lie still and listen to instructions for

extended time periods. These audio recordings could be

used in Time Out/Work-It-Out rooms as strategy to calm

behavioural outbursts.

Limitations

Despite the noticeable changes in breathing patterns from

baseline through treatment and post treatment in the

majority of DB participants, study numbers were small.

Replication of a similar study with larger numbers and

simultaneous assessment of other concomitant psycho-

physiological measures such as heart rate, EEG and oro/

nasal airflows is needed. The sample was also restricted to

boys however this corresponds to the predominance of

students enrolled in behaviour schools.

Researchers were reliant on the school counsellors to

provide paediatrician diagnosis and counsellor assessment,

in addition to any other diagnostic assessment. Therefore

diagnostic assessment was limited by this process.

The control group provided a poor comparison due to

limited numbers, being slightly older, mixed gender and

experience and the presence of twins. This group should be

considered as an indication only of the type of breathing

patterns observed in adolescents without emotional and

behaviour problems.

The lack of pre-yoga program data on breathing patterns

is a limitation of the study. However, this data may have

been too difficult to gather due to the boys’ inability to lie

still for the required length of time prior to the com-

mencement of the 13 week yoga program. This inability

was ascertained from the student’s difficulty in lying still

and quiet for less than a minute at the commencement of

training in the Yoga Nidra technique.

More information would be useful when recording pat-

terns of breathing associated with various temporal aspects

of the content of the Yoga Nidra practice, for example,

when students were listening to sounds or when they were

observing their natural breath.

Analysis of breathing patterns was limited to visual

analysis of graphs. Calculation of breath rates and amplitude

proved to be difficult with some recordings as detecting ‘‘a

breath or effort’’ was particularly difficult where erratic,

unstable breathing effort was present. Recording maximum

and minimum amplitude was not always a good indicator of

type of breathing because in some samples within the

minute the maximum and minimum amplitude varied con-

siderably. More information on recording patterns of

breathing would be useful if the software to analyze it was

employed.
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