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ABSTRACT
Objective: The purpose of this pilot study was to evaluate the feasibility of testing an intervention protocol and
measuring the immediate effects of a rib mobilization technique (RMT) and a diaphragm release technique (DRT) on
the autonomic nervous system of patients with chronic obstructive pulmonary disease (COPD).
Methods: This was a pilot study of a randomized controlled trial. Fourteen individuals were evaluated. Eligibility
criteria were being a sedentary person with a diagnosis of COPD, age between 50 and 72 years, and being clinically
stable. Exclusion criteria were heart disease, other respiratory comorbidities, and body mass index above 30kg/m2.
Participants first underwent cardiorespiratory evaluation and were then allocated into 2 groups: the RMT + DRT group
and the DRT group. Clinical assessments were performed immediately before and after the intervention. Statistical
analysis was carried out through a paired-sample Wilcoxon test, and the comparison between groups was performed
using the Mann-Whitney test.
Results: All randomized participants completed the assessment and intervention protocol. Sample size was estimated
at 24 individuals per group. The DRT group decreased resting heart rate by 5 bpm (P = .03) and increased variance
(P = .04) and mean R-R interval (P = .03). The RMT +DRT group decreased mean R-R interval (P = .02).
Conclusion: The design for this study appears to be feasible for evaluating manual-therapy intervention in the
nonmusculoskeletal function of patients with COPD. It was possible to determine the sample size for future studies.
Preliminary data show that the diaphragm release technique may reduce mean resting heart rate and increase heart-rate
variability immediately after the intervention. (J Chiropr Med 2020;19;167-174)

Key Indexing Terms: Autonomic Nervous System; Pulmonary Disease, Chronic Obstructive; Heart Rate
TAGGEDH1INTRODUCTION TAGGEDEND

Chronic obstructive pulmonary disease (COPD) is a
systemic disease that adversely affects the cardiovascu-
lar autonomic system.1,2 Changes in pulmonary mechan-
ics have the effect of increasing respiratory work,
leading to stimulation of local mechanoreceptors and
metaboreceptors with sympathetic hyperactivation.3

Increasing sympathetic tonus in the lungs induces an
increase in pulmonary vascular resistance of the
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pathogenic factors in the development of pulmonary
hypertension and cor pulmonale.4 Studies have evi-
denced that individuals with COPD present autonomic
dysfunction with an increase in mean resting heart rate
(RHR) in addition to lower heart-rate variability
(HRV).5,6

Heart-rate variability is a noninvasive measure that
describes the oscillation of the intervals between consecu-
tive heartbeats (R-R intervals), which are related to influen-
ces of the autonomic nervous system (ANS) on the sinus
nodes. The sympathetic branch of the ANS induces an
increase in heart rate, with shorter intervals between heart-
beats. On the other hand, the parasympathetic branch
reduces the heart rate, resulting in larger intervals between
heartbeats.7 An autonomic dysfunction with sympathetic-
predominance modulation can reduce HRV and increase
RHR. A heart rate above 78 bpm can be considered a risk
factor for several cardiac dysfunctions.8,9

According to some authors, stretching the respiratory
muscles by rib mobilization techniques (RMTs) can influence
the sympathetic outflow via the anatomical position of the
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sympathetic trunk and paravertebral ganglia, involving mobil-
ity of the costovertebral and costotransverse joints as well as
the rib cage.10,11 Other studies have demonstrated reduced
sympathetic excitability as a result of respiratory muscle
stretching.3,12 Among the previously studied techniques, the
diaphragm release technique (DRT) has shown positive
effects on diaphragmatic mobility and inspiratory capacity.13

However, little is known about the effects of such techniques
on the autonomic nervous system of patients with COPD who
have altered respiratory mechanics.

The purpose of this pilot study was to assess the feasibil-
ity of measuring the effect of RMT and DRT on the sympa-
thetic and parasympathetic autonomic nervous system in
patients with COPD. The hypothesis was that interventions
with manual techniques may modulate the autonomic
nervous system in individuals with COPD.
TAGGEDH1METHODSTAGGEDEND

Design
This was a pilot randomized controlled trial with blind

allocation in which participants were unaware of the inter-
vention and the therapist was unaware of what was being
evaluated. Participants were advised regarding the evalua-
tion procedures and potential risks and benefits of the
research, and agreed to participate by signing a statement
of informed consent. This study was conducted in compli-
ance with the ethical standards established by the Declara-
tion of Helsinki, approved by the Ethics and Research
Committee of the Health Sciences Center of the Universi-
dade Federal de Pernambuco under protocol number
1 662 521 and registered on ClinicalTrials.gov under proto-
col number NCT 03022942.
Participants
Participants were recruited from several pulmonology

centers or by telephone from waiting lists of physiotherapy
reference centers in the metropolitan region of Recife, Per-
nambuco. The evaluation and intervention were performed
at the Laboratory of Cardiopulmonary Physiotherapy of the
Physiotherapy Department of the Universidade Federal de
Pernambuco.
Eligibility Criteria
Eligible participants were male and female individuals,

aged between 50 and 75 years, who presented a diagnosis
of COPD (based on spirometric criteria: baseline forced
expiratory volume in the first second < 80%, and ratio
< 0.7 of forced expiratory volume in the first second to
forced vital capacity), led a sedentary lifestyle, and were
clinically stable without any acute exacerbation episodes in
the previous 6 weeks, in addition to not undertaking
any other physiotherapeutic treatment. Exclusion criteria
were rheumatic or orthopedic diseases; heart disease or
anatomical deformities or abnormalities; rib fracture epi-
sode within the past year; other respiratory comorbidities;
history of thoracic or abdominal surgery within the past
year; osteoporosis; and body mass index above 30 kg/m2.
Twelve of the 28 candidates selected were excluded.
Randomization
The randomization was executed in blocks using the web-

site Randomization.com. The sequence of treatment modali-
ties was coded and its allocation was transferred to opaque
and numbered black envelopes, which were sent to the thera-
pist in charge of the treatment to be opened right before begin-
ning the session. The participants were assigned into 2 groups:
the RMT+DRT group received both techniques, whereas the
DRT group received only the diaphragm release technique.
Primary outcomes were HRV and mean RHR.
Experimental Protocol
Participants initially gave an anamnesis with a focus on

the symptoms, current history of the disease, medications,
and comorbidities. Next they underwent an anthropometric
evaluation to calculate their body mass index. Lastly, a car-
diorespiratory screening was carried out in order to assess
peripheral oxygen saturation, heart rate, blood pressure,
respiratory rate, spirometry, and manovacuometry.

All evaluated participants were advised to abstain from
caffeine and any stimulant or alcoholic beverages, as well
as to avoid moderate or excessive effort the day before the
tests and keep taking their usual medication. Participants
were comfortably accommodated in an air-conditioned
room on the day of the intervention, where the temperature
ranged from 22°C to 24°C, and relative humidity was
maintained between 50% and 60%. Data collection
occurred individually from 1:00 PM to 2:00 PM. All evalua-
tion and intervention methods were explained to the partici-
pants. Next, an elastic band was settled at the level of the
lower third of the sternum, and a heart-rate monitor (Polar
V800, Polar Electro Oy, Kempele, Finland) was placed on
the wrist. Participants were maintained in dorsal decubitus
position and remained breathing spontaneously for 10
minutes. Soon afterward, the elastic band was removed and
the intervention was performed in accordance with the
participant’s group allocation. Immediately after the inter-
vention, the elastic band and heart-rate monitor were
replaced and the participant was repositioned in the dorsal
position and instructed to continue breathing spontaneously
for 10 minutes. Respiratory rate, blood pressure, and
peripheral oxygen saturation were checked at the beginning
and at the end of HRV capture for monitoring purposes.

Based on the study by Sima et al,14 we considered a
change of 3 bpm in mean RHR to be clinically important in



Fig 1. Rib mobilization technique: hand positions (A), technique in supine position (B), technique in seated position (C).

Fig 2. Diaphragm release technique.
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individuals with COPD, because this measurement presents
good variability and reliability (coefficient of variation, 4.3;
intraclass correlation coefficient, 0.93; 95% confidence
interval, 80%-98%).

Rib Mobilization Technique and Diaphragm Release Technique
(RMT +DRT) Group. The RMT, adapted from Henderson
et al10 and Abdelaal et al,15 was carried out in 2 different
participant positions: supine and seated. In the supine posi-
tion, the therapist was placed next to the participant and
positioned the last 4 fingertips of both hands at the rib
angles. The therapist mobilized the costal angles in the
posteroanterior direction accompanying the participant’s
normal inspiration (Fig 1). The movement was performed
in 2 series of 10 respiratory cycles in each hemithorax,
with a 1-minute interval between sets.

In the seated position, the participants remained
seated on the stretcher, keeping the feet on the floor,
while the therapist stood in front of him or her. The
participant’s head (frontal region) was positioned over
his or her overlapping arms, which were placed on the
therapist’s trunk (Fig 1). The therapist then positioned
his or her fingertips at the costal angles (bilaterally),
moving from the lateral region to the anterior midline
throughout the participant’s inspiration and returning to
the initial position on expiration. The therapist’s fingers
were then placed 1 level below the rib, repeating this
procedure until his or her fifth finger reached the 12th
rib. This technique was then carried out toward the sec-
ond rib, completing a treatment cycle. Another cycle
was conducted after a 1-minute rest period.

The DRT was performed according to the protocol
described by Rocha et al.13 In this protocol, the participant
remains in the supine position so that the therapist is able
to maintain manual contact with the bottom edge of the
rib cage (Fig 2). During inspiration, the therapist exerts
traction after the natural rib-cage movement, then deepens
the manual contact and maintains the resistance exerted in
the previous phase throughout exhalation. The technique
was applied in 2 series of 10 deep respiratory cycles, with
a 1-minute interval between the series, under the thera-
pist’s verbal command.

Diaphragm Release Technique (DRT) Group. Participants
received only the DRT, following the protocol already
described.
Heart-Rate Variability Analysis
The RR interval (RRi) sequence length (n = 256

beats) with the greatest stability was selected for
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comparison before and after intervention. The same
sequence was used for time- and frequency-domain
analyses. The time-domain variables that were calcu-
lated were the mean RRi and the variance.

Heart-rate variability analysis for the frequency domain
contributes to the understanding of autonomic control of
RRi fluctuations in the heart-rate record and has been rec-
ommended for short-term measurements of HRV.16 This
analysis has also been called the most accurate tool to
obtain an assessment of autonomic function in both experi-
mental and clinical settings.17

All sampling RRi periods were examined, and the most
stable segment where no noise (ie, no ectopic beats,
arrhythmic events, missing data, or artifacts) was detected
was selected, encompassing 256 points. The power spectral
density was calculated for each RRi series. The spectral
components obtained were low frequency (LF; 0.03-
0.15 Hz) and high frequency (HF; 0.15-0.4 Hz). They were
expressed in absolute units (ms2) and normalized units
(nu). The low frequency occurs owing to the combined
action of vagal and sympathetic components on the heart,
with sympathetic predominance. On the other hand, HF
corresponds to respiratory modulation and stands as an
indicator of vagal activity on the heart, expressed in nor-
malized units.18 The LF/HF ratio was calculated to verify
the sympathetic-vagal balance of the heart.19
Sample-Size Determination
In the absence of published data to guide the sample

size, we performed a pilot study. We used the mean R-R
intervals to calculate the sample size, considering a power
(1-b) of 80% and an a of 5% through GPower 3.1 soft-
ware. We used data from the first 7 participants of the
RMT +DRT group and 7 participants from the DRT group,
yielding 865 ms (SD, 125 ms) and 770 ms (SD, 95 ms),
respectively. The sample size was estimated at 24
individuals per group for future clinical trials.
Statistical Analysis
Statistical analysis was carried out through SPSS ver-

sion 20.0 (SPSS Inc, Chicago, Illinois). The data did not
exhibit a normal distribution according to the Shapiro-Wilk
test. The Wilcoxon paired test was used to assess potential
changes in the continuous variables in relation to the base-
line. Data were presented as median and interquartile range
(25%-75%), and P < .05 was considered statistically signif-
icant. Comparison between groups was performed using
the Mann-Whitney test.
Feasibility
The design for this study proved to be feasible. One hun-

dred percent of the randomized participants completed the
assessment and intervention protocol to which they were
allocated. All data on HRV were analyzed successfully.
TAGGEDH1RESULTS TAGGEDEND

Participant Characteristics
We randomized 16 participants; 2 losses occurred owing

to equipment failure during data collection, and thus no data
from these participants were captured. The flowchart of the
participants is shown in Figure 3. The initial characteristics
of the participants are presented in Table 1. Regarding medi-
cation use, all participants were under the effects of b2 ago-
nists, and none of the patients used b-blockers.
Heart Rate
A decrease in RHR of 5 bpm was observed in the DRT

group (P = .03), whereas the RMT + DRT group had a 3-
bmp reduction (P = .07) immediately after intervention
(Table 2). There was no significant difference between
groups.
Heart Rate Variability
There was an increase in the variance (P = .04) and

mean RRi (P = .03) in the DRT group immediately after
the intervention. The RMT + DRT group demonstrated an
increase in mean RRi (P = .02). No discrepancies were
found between groups in LFnu, HFnu, or the sympathetic-
vagal relationship (Table 2).
TAGGEDH1DISCUSSION TAGGEDEND

This study evaluated the feasibility of measuring an
approach to COPD through manual therapy and evaluating
the immediate effects of the rib mobilization technique and
the diaphragm release technique on heart-rate variability
and mean resting heart rate. In addition, as a pilot study it
determined the appropriate sample size for future clinical
research. We hypothesized that the mobilization of costo-
transverse joints and the diaphragm could modulate the
autonomic nervous system. Preliminary results from the
study suggest that the diaphragm release technique may
promote an immediate reduction in mean resting heart rate
resulting in an increase in HRV. The association of the dia-
phragm release technique with the rib mobilization tech-
nique also may reduce the mean resting heart rate in
patients with COPD.

The rib mobilization technique is used in clinical practice
to increase the mobility of the rib cage and to modulate the
ANS. Some authors10,20,21 affirm that the rib mobilization
technique affects ANS activity through the activation of the
proximal ganglia of the thoracic sympathetic chain in the
costotransverse joint; however, there is no consistent



Fig 3. Participant flowchart.

Table 1. Baseline Characteristics of Participants

Characteristic
DRT Group
(n = 7)

RMT +DRT
Group (n = 7) Pa

Sex (male/female) 4/3 4/3 —

Age (y) 70 (69-72) 64 (58-70) .11

BMI (Kg/m2) 24 (19-27) 26 (23-27) .65

FVC (%
predicted)

61 (48-73) 70 (64-73) .20

FEV1 (%
predicted)

49 (30-67) 53 (44-56) .9

RHR (bpm) 79 (76-93) 68 (67-84) .11

Mean RRi (ms) 755 (641-789) 878 (713-896) .07

Variance (ms2) 270 (30-600) 660 (310-1700) .23

LFnu 58 (5-64) 49 (14.5-57) .75

HFnu 41.6 (36-100) 49.5 (43-85.5) .86

LF/HF 0.06 (0.03-1.4) 1 (0.17-1.3) .25

Data are presented as median and interquartile range (25%-75%).
BMI, body mass index; DRT, diaphragm release technique; FEV1, forced
expiratory volume in 1 second; FVC, forced vital capacity; HF, high fre-
quency; LF, low frequency; nu, normalized units; RHR, resting heart rate;
RRi, RR intervals; RMT, rib mobilization technique.
a P value between groups.
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evidence in the literature regarding its effects in patients with
COPD. Likewise, there are no studies on the influence of the
diaphragm release technique on the ANS.

A recent systematic review affirms that the impairment
of HRV in the time domain, baroreceptor sensitivity, and
muscular sympathetic nerve activity demonstrate a strong
level of evidence for being factors that influence autonomic
function in patients with COPD. The decrease in HRV indi-
cates a higher risk of mortality from cardiac events than in
healthy individuals.22

In individuals with COPD, sympathetic activation
through the stimulation of metaboreceptors and local mecha-
noreceptors can reduce HRV.3 Chronic pulmonary hyperin-
flation in COPD results in an increase in respiratory work,
with a consequent increase in the tension of the musculoskel-
etal system of the thoracoabdominal region. The products of
ischemic metabolism generated during muscle contraction
stimulate local receptors and may lead to increased heart
rate, blood pressure, and sympathetic activity.23 Also, sym-
pathetic hyperactivity in COPD may be associated with
skeletal-muscle dysfunction or even respiratory-pump dys-
function, as increased respiratory work leads to sympathetic
activation through stimulation of local metaboreceptors.4

Our results show that manual techniques in the rib cage and
the diaphragm can have immediate effects on the autonomic
nervous system of patients with COPD, demonstrating the
relationship between the musculoskeletal and autonomic
nervous systems.



Table 2. Data Before and After Intervention

DRT Group (n = 7) RMT +DRT Group (n = 7)
Difference Between Groups

Outcome Pre Post P Pre Post P P

RHR (bpm) 79 (77-93) 74 (71-89) .03a 68 (67-84) 68 (67-84) .07 .06

Mean RRi (ms) 755 (641-789) 814 (670-837) .03 878 (713-896) 882 (715-989) .02a .07

Variance (ms2) 270 (30-600) 580 (150-2730) .04a 650 (310-1700) 800 (300-5370) .13 .52

LF/HF 0.060 (0.03-1.4) 0.05 (0-1.2) .45 0.99 (0.17-1.32) 0.69 (0.05-3.64) .46 .08

Data are presented as median and interquartile range (25%-75%).
DRT, diaphragm release technique; HF, high frequency; LF, low frequency; RHR, resting heart rate; RRi, RR intervals; RMT, rib mobilization technique.
a Statistically significant difference (P < .05).
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The relationship between the degree of disease severity
and autonomic dysfunction is still not well defined in the
literature. Camillo et al report that autonomic function in
individuals with COPD is related not necessarily to the
severity of the disease but to the level of physical activity
in daily life, muscle dysfunction, and quality of life.5 Van
Gestel et al also emphasize the role of autonomic cardiac
dysfunction in impaired health-related quality of life in
individuals with COPD.24 However, according to Janssens
et al, mean RHR increases with the severity of lung dys-
function in COPD and helps better mortality prognosis, so
heart rate may be a target for intervention in COPD.25

In the preliminary results, the DRT group showed a 5-
bpm decrease in mean RHR immediately after application
of the technique, and the RMT +DRT group presented a
decrease of 3 bpm. In a recent study, a change of 3 bpm in
individuals with COPD was considered clinically impor-
tant, with good measurement variability and reliability
(coefficient of variation, 4.3; intraclass correlation coeffi-
cient, 0.93; 95% confidence interval, 80%-98%).14 In gen-
eral, a lower RHR implies higher HRV and can be
interpreted as representing a well-balanced autonomic ner-
vous system; as the heart rate increases, there is less time
between heartbeats for variability to occur, and HRV
decreases.26 Therefore, individuals who presented a
decrease of 5 bpm in RHR may be benefiting from
increased HRV. According to Cole et al, a reduction in
HRV reflects an imbalanced autonomic nervous system
that can reduce regulation capacity and adaptive response
to physiological challenges, such as exercise.27

In our pilot study, HRV increased immediately after
intervention in the DRT group. The RMT +DRT group did
not present a change in HRV. Our hypothesis is that
stretching the muscle fibers of the diaphragm through the
diaphragm release technique favors reducing sympathetic
excitability and parasympathetic activation in these
patients. Additionally, increased tissue viscoelasticity can
potentiate contractile-muscle capacity with less effort and
reduce stress on musculoskeletal receptors.14 It is also pos-
sible that some mechanoreceptors trigger a predominantly
parasympathetic response when stimulated by myofascial
maneuvers.28 According to Farinatti et al, 10 minutes of
stretching exercises acutely affects the sympathetic-vagal
balance in individuals with low flexibility, especially by
increasing vagal poststretching modulation.29

In a systematic review, Kingston et al claim that there is
convincing evidence that the sympathetic response to spine
mobilizations is excitatory in nature at the mobilized spine
level.11 According to Borges et al, the influence of manipu-
lation in the spine on the autonomic nervous system
depends on the site and type of stimulation: a greater para-
sympathetic response is found from stimulation performed
in the cervical and lumbar regions, while a greater sympa-
thetic response is found from stimulation performed in
the thoracic region.30 Thus, rib mobilization in the
RMT + DRT group in our study may have promoted sym-
pathetic arousal.

Changes in LFnu, HFnu, and the LF/HF ratio were not
statistically significant. The short intervention time was prob-
ably not sufficient to generate a change in these outcomes.
TAGGEDH1CONCLUSION TAGGEDEND

The protocol performed to assess the immediate effects
on mean resting heart rate and heart-rate variability was
shown in this study to be feasible. With the data obtained,
it was possible to calculate the sample size for future
studies. The results of the present pilot study suggest that
manual-therapy intervention may alter nonmusculoskeletal
function in individuals with COPD. Preliminary data show
that the diaphragm release technique may reduce the mean
resting heart rate, resulting in an increase in HRV immedi-
ately after the intervention.
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Practical Applications
� This study evaluated whether manual techni-
ques could possibly be used for nonmusculos-
keletal outcomes.

� We assessed the feasibility of measuring the
effects of a diaphragm release technique
on mean resting heart rate and heart-rate vari-
ability immediately after intervention in indi-
viduals with chronic obstructive pulmonary
disease.

� This study seems to be feasible for perfor-
mance on a larger scale.
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