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CHEST PHYSIOTHERAPY AND
REBOUND EXERCISE FOR SPUTUM
IN PATIENTS CO-INFECTED WITH

ABSTRACT: Patients co-infected with human immunodeficiency virus
and tuberculosis find difficulty producing sputum for microscopy culture
and sensitivity test. Chest physiotherapy induces sputum but ease of bacilli
infections necessitate minimal patient
interaction. Rebound exercise has potential to facilitate sputum induction but
its suitability and effect with this population is uncertain. This randomized
controlled pre-and post-test study used 58 patients assigned equally to chest
physiotherapy or a combination with rebound exercise for 30 minutes over
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three days to compare cardiopulmonary parameters and sputum volumes.
Heart, respiratory, blood pressure, oxygen saturation rates and sputum volume collected in a calibrated vial were monitored and
recorded pre-and post-interventions. The combination of chest physiotherapy with rebound exercise produced significantly more
sputum, higher respiratory and blood pressure rates (pre vs post;, p<0.05). Acid-fast bacilli sensitivity was also higher following
the combination compared to chest physiotherapy (54% vs.38%). Heart and oxygen saturation rates were not significant for both
groups (pre-vs post; p >0.05). Rebound exercise when combined with chest physiotherapy could be a useful adjuvant to produce
more sputum, higher sensitivity yield for acid-fast bacilli and reduce direct patient interaction but should be used with caution due
to increased respiratory and blood pressure rates.
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INTRODUCTION

The province of KwaZulu-Natal has a
population of approximately 9.5 mil-
lion with the second highest tuberculosis
(TB) incidence in South Africa (Naidoo
and Jinabhai 2006). In sub-Saharan
Africa up to 60% of TB patients are
co-infected with the human immunode-
ficiency virus (HIV) which suppresses
the immune system and makes the
individual susceptible to opportunistic
infections like pulmonary tuberculosis
(PTB) which is spread by airborne drop-
lets. Microbiological diagnosis using
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sputum has been the standard for PTB
detection with patients referred to physi-
otherapists for chest physiotherapy and
induced sputum specimens. Chest physi-
otherapy drains bronchial segments
using gravity, manual percussions,
vibrations, shaking of the chest wall, and
diaphragmatic breathing to move secre-
tions in a cephalad direction (Elkins et
al. 2005). Assisted by vigorous cough-
ing, secretions are cleared, resulting
in improved ventilation and reducing
proteolytic destruction of airways and
the risk of secondary chest infections
(Pryor and Webber 1999). However, a
review of chest physiotherapy reported
that this technique may only be effec-
tive in patients who produce more than
20-30mL of sputum (McCool and Rosen
20006). It was also reported that percus-
sions and vibrations of the chest showed
an increased expiratory flow rate, but it
is not certain whether these techniques
aid the removal of secretions (Mac Lean
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et al. 1989) suggesting that chest physi-
otherapy be discontinued for sputum
induction (Elkins et al. 2005). An alter-
nate method to facilitate sputum removal
in children presenting with cystic fibro-
sis was regular aerobic exercises which
could potentially replace conventional
chest physiotherapy (Zach et al. 1982).
However a period of bicycle ergometer
exercise in adults having cystic fibrosis
showed no significant increase in spu-
tum extraction, and was the least effec-
tive when compared to postural drainage
and positive expiratory pressure, indicat-
ing that exercises should be used to aid
rather than substitute for chest physi-
otherapy (Olseni and Wollmer 1990;
Salh et al. 1989). Generally, exercises
are known to improve immune func-
tion and quality of life of HIV-infected
individuals by improving lung func-
tion, breathing, ventilation, physical and
emotional status, and delaying AIDS-
related complications (Stringer 1999).



However HIV-infected individuals may
have difficulty engaging in exercises due
to lowered capacity to utilise oxygen
and perform work because of the side-
effects of medication associated with
HAART, such as zidovudine and dida-
nosine, which have negative and varying
effects on exercise tolerance and moti-
vation (Keyser et al. 2000; Smit et al.
20006). It is also uncertain if the various
treadmill protocols would be suitable
for respiratory compromised patients
with TB and HIV co-infection. Rebound
exercise performed on a mini-trampo-
line with an elastic surface, springs and
gravity-assisted vertical movements, is
a relatively new type of exercise recom-
mended inter alia to improve cardio-
respiratory fitness (Carter 1988). A study
comparing rebound exercise and cycle
ergometry in HIV children, showed
that rebound exercise produced a larger
volume of sputum in a shorter period
of time and could be used to enhance
sputum extraction (Maharaj and Jeena
2008). In addition, mobilisation in
standing, which is possible with gentle
bouncing on the trampoline, improves
functional residual capacity, oxygen
saturation, partial pressure oxygen, and
reduces partial pressure carbon dioxide
with short-term improvements in tidal
volume, inspiratory flow rate and min-
ute volume (Zafiropoulos et al. 2004).
It is also noted that any exercise used
for respiratory compromised patients
should be at low to moderate intensity,
otherwise the individual will fatigue.
Rebound exercise can vary in intensity
according to the age and fitness of the
individual, with feet either in constant
contact as in a bouncing movement, or
raised above the elastic surface depend-
ing on jump height assisted by gravity,
springs and a handlebar for support.
Healthcare workers in South Africa are
at the forefront in the treatment of TB
and HIV, with the incidence and risk of
developing TB being high in KwaZulu-
Natal especially among paramedical
staff, such as laboratory technicians,
radiographers and  physiotherapists
(Naidoo and Jinabhai 2006). Owing to
the large number of patients referred to
physiotherapists, limited resources in
public hospitals and sputum collected in
small confined areas, it is possible that

although the necessary precautions are
taken against cross infection, the inter-
action with TB-infected patients during
sputum induction could be a potential
risk. In addition, HIV associated lung
disease mimics the clinical and radio-
logical picture of PTB (Zar et al. 2000)
and lack of cavitations in TB and HIV
co-infection result in lower numbers of
bacilli in sputum, making identification
of acid-fast bacilli (AFB) difficult, and
delaying PTB diagnosis (Zumla et al.
2000). This therefore warrants alternate
ways to minimise direct contact with
TB-infected patients and improving the
yield of AFB when evaluating sputum
(Pinto and Bammann 2007). Chest phys-
iotherapy is traditionally used to induce
sputum, and moderate intensity rebound
exercise, which is simple and requires
less patient interaction, could be a pos-
sible adjuvant to facilitate sputum induc-
tion. Therefore the aim of this study was
to compare chest physiotherapy and a
combination of chest physiotherapy with
rebound exercise using heart, respira-
tory, blood pressure and oxygen satura-
tion rates, sputum volume and AFB yield
in HIV patients co-infected with TB.

METHODOLOGY

Population and sampling

This single-blind randomised pre-test,
post-test study was conducted from
January 2012 to June 2013. Outpatients
attending the local HIV clinic at King
Edward VIII public hospital in KwaZulu-
Natal presenting with signs and symp-
toms of pulmonary tuberculosis (PTB)
requiring sputum specimens for micros-
copy culture were recruited. Patients were
randomised equally, using a computer, to
either the control group receiving chest
physiotherapy, or the experimental group
performing rebound exercise followed by
chest physiotherapy.

Inclusion and exclusion criteria

Patients having one or more of non-
productive cough, fever, night sweats,
haemoptysis and TB contact within the
past 12 months confirmed by X-ray
and could not induce sputum spontane-
ously, served as inclusion criteria. Prior
to referral for physiotherapy, patients
were screened by the referring medical
practitioner for resting ECG and physi-

cal examination in accordance with the
American Heart Association guidelines
for exercise activity (American College
of Sports Medicine 2000). Patients with
a temperature greater than 38°C, hav-
ing coronary artery disease, myocardial
infarction, cardiac or abdominal surgery
within the previous 6 months, history
of fractures of the spine, hip, knee and
ankle joints, lower limb weakness and
deformities, involvement in any other
exercise programme during the period
of study, or potential of non-compliance
with the exercise, were excluded.

Ethical issues

The design of this study conformed
to the Helsinki Declaration standards
and followed ethical approval by the
Biomedical Ethics Committee of the
University of KwaZulu-Natal (BE
269/011). Permission to use the hospital
was obtained from the Secretary General
of Health for KwaZulu-Natal, and writ-
ten informed consent (in English and
Zulu) was obtained from the patients
before enrolment into the study.

Interventions

Patients assigned to the control group
received 30 minutes of chest physio-
therapy, and the experimental group per-
formed 15 minutes of rebound exercise,
followed by 15 minutes of chest physio-
therapy each morning over three consecu-
tive days. The chest physiotherapy group
assumed six standard postural drainage
positions for five minutes each, in which
chest percussions, shakings and vibra-
tions of the chest wall were done, using
a Vita-Med (Rédemark, West Germany)
at 50 Hz, followed by deep-breathing,
forced expirations and vigorous cough-
ing, which conformed to international
standards (Mcllwaine et al. 1997).

As an additional safety precaution
due to potential respiratory compromise,
patients assigned to the experimental
group had to complete a six-minute
walk test before engaging in rebound
exercise (Mac Gavin et al. 1978). Prior
to exercise activity, patients practised on
the mini-trampoline Model T-rebound
(Rebound Dynamics, Europe, Dietikon,
Switzerland) with 36 springs and a cir-
cumference of 1.25 metres fitted with
a U-frame with hand bars for safety.
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Bounce frequency signalled by an elec-
tronic metronome, was set at a minimum
of 60 per minute and height of 15cm,
which does not provoke an increase
in VO2 or energy expenditure (Smith
and Bishop1988). Rebound exercise of
5 minute durations and resting inter-
vals of 2 minutes were repeated three
times, with patients monitored through-
out the exercise for subjective fatigue,
dyspnoea, respiratory distress, profuse
sweating, inability to maintain the exer-
cise intensity, or unsteady gait, which
were clinical signs of maximum excur-
sion. Following 15 minutes of rebound
exercises, patients received 15 minutes
of chest physiotherapy in the identical
positions as the control group.

Cautionary measures

An increase of 30% from baseline (pre-
intervention) values of systolic or dias-
tolic blood pressure during the exercise
was an indication that the patient was
reaching an unstable state, and the exer-
cise was to be stopped (Lim et al 1996).
Moderate intensity of exercise was
between 50%-60% of the age-predicted
maximum heart rate set at within 10
beats of this percentage predicted maxi-
mum for safety (American College of
Sports Medicine 1995).

Data collection methods and
instruments

The patient’s age in years, body mass
measured on a balance beam scale
recorded to the nearest 0.25kg, and
height using a wall-mounted stadiometer
to the nearest 0.25cm, were recorded as
shown in Table 1. Heart rates by means of
polar heart rate monitors (Polar Electro,

Table 1: Baseline demographics of patients

Oy, Finland), respiratory, blood pressure
and oxygen saturation using a portable
Datex-Ohmeda Cardiocap 5 tested and
calibrated by a technician before use,
were used to monitor readings through-
out the exercise with relevant pre-and
post-readings recorded (Table 2). To
maximise sputum volume during and
following the interventions, patients
performed three forceful huffs followed
by vigorous coughing, as accounting
for swallowed sputum and an admix-
ture of saliva can be a limiting factor
when collecting sputum (Lannefors and
Wollmer 1992). Total sputum coughed
during the activity was collected in a
calibrated vial and sent to the laboratory
for decontamination, centrifugation, and
acid fast bacilli (AFB) assay using the
Ziehl-Neelsen staining with seeding
onto Lowenstein-Jensen solid culture
medium.

Statistical analysis

Paired t-tests were used to analyse the
difference between pre-and post-values
for each parameter. Statistical Package
for Social Sciences version 21 for
Windows (SPSS Inc., Chicago, Illinois)
was used to conduct all statistical analy-
ses with significance set at p < 0.05. All
data are presented as mean (95% CI) or
mean + standard deviation.

RESULTS

The flow diagram (Fig 1) shows that
63 patients satisfied the inclusion cri-
teria during the period of study. Three
patients refused to sign the consent form,
and two did not co-operate with instruc-
tions, resulting in 58 for randomisation
into two equal groups. One patient did

Characteristics Chest Rebound P-value
Physiotherapy Exercise + Chest
physiotherapy
(N=29) (N=28)
Mean Mean
Gender:
Male (%) 21(72%) 21(75%)
Female (%) 8 (28%) 7 (25%)
Age (years) (Range) | 20.5+ 9.8 (18-44) 21.4+ 11.1 (22-49) 0.73
Weight (kg) +SD 70.5+ 11.2 69.7+ 13.6 0.94
Height (cm) +SD 171.6 £ 11.2 168.9+ 10.8 0.69
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not complete rebound exercises because
of nausea, resulting in 18 patients for
analysis in the experimental group. The
baseline information is described in
Table 1, with no significant differences
between the groups and all pre-and post-
values recorded as mean, and reflected
in Table 2. Sputum volumes did not
show a significant difference between
pre-and post-readings in the control
group receiving chest physiotherapy
(p=0.05) but significance was noted in
the rebound exercise with chest physi-
otherapy group (p=0.03) and also when
comparing the difference between chest
physiotherapy to the rebound exercise
with chest physiotherapy group (p=0.04).
The respiratory rates in the chest physi-
otherapy group showed no significance
between pre- and post-values, but there
was significance in the combination of
rebound exercise with chest physiother-
apy (p=0.03) and on comparison of the
difference between chest physiotherapy
only with rebound exercise and chest
physiotherapy (p=0.02). Blood pressure
showed no significant difference pre-
and post- readings in the group receiv-
ing chest physiotherapy, but significance
was noted pre- and post-readings in the
rebound with chest physiotherapy group
(p=0.04). Oxygen saturation showed no
significant differences in both groups.
Acid fast bacilli sensitivity was higher
in the rebound with chest physiotherapy
group than the group receiving chest
physiotherapy (54% and 38% respec-
tively) (Table 2).

DISCUSSION

This is the first randomised study to
determine sputum volumes, comparing
chest physiotherapy to a combination
with rebound exercises for HIV patients
co-infected with TB receiving HAART.
This study supports other studies for the
use of chest physiotherapy for obtain-
ing sputum from TB and HIV patients
(Pinto and Bammann 2007; Zar et al.
2000) and using exercises to aid rather
than substitute for chest physiotherapy
(Salh et al. 1989) as a significant volume
of sputum was produced in combination
with rebound exercise. The results from
this study refutes suggestions that chest
physiotherapy is only beneficial in lung
pathologies with large volumes of spu-



tum (McCool and Rosen 2006) or the
use of airway clearance techniques be
discontinued as part of the sputum induc-
tion procedure (Elkins 2005), because
chest physiotherapy did produce sputum
for microscopy culture. The 97% (n=18)
compliance with rebound exercises
shows that this exercise is suitable for
HIV and TB co-infected patients, and
that these patients are physically active,
as their healthy peers supporting Hall
and DeCharmoy (2002) that even if
exercise capacity is reduced with PTB,
there is no impact on function. The sig-
nificant sputum produced with rebound
exercises may relate to the exercise
facilitating strength, and function of
the respiratory system which influences
pulmonary pressures, volume, breathing
depth and frequency (Clanton and Diaz
1989). Physiologically inspiratory mus-
cles including the diaphragm are mor-
phologically and functionally skeletal
muscle, and patients with respiratory
compromised elastic lung tissue will
have hyperinflation with shortening and
flatting of the diaphragm, resulting in
altered length and decreased force pro-
duction (Enrich et al. 2006). Rebound
exercise requiring rhythmical bounc-
ing on the elastic surface influenced by
gravity and springs enhanced diaphragm
movements and lung tissue into repeti-
tive “wave-like movements” facilitating
breathing excursions and mucus clear-
ance by hyperventilation, leading to high
air flow and mechanical squeezing. This
increases mucus clearance by mimicking
the active cycle of breathing techniques
and the natural work of breathing, which
clears a significant volume of secre-
tions from the bronchial tree, improving
broncho-pulmonary secretions and lung
function (Marquez et al. 2010; Pryor
and Webber 1999). In addition to this,
vital capacity decreases when a subject
shifts from an upright to a supine posi-
tion, which restricts diaphragm move-
ments due to upward displacement of
the viscera, and may be the reason for
no significant changes in respiratory
rates and sputum volumes as noted in
patients receiving only chest physiother-
apy (Goldsmith 1991). Respiratory rates
increased significantly in the rebound
exercise and chest physiotherapy group,
as some patients may have bounced

more than the prescribed minimum of
60 per minute, resulting in an increase in
step frequency which increased respira-
tory rates significantly with no signifi-
cant increases on heart rates, which are
similar findings in the study by Weston
et al, (2001). These findings support the
use of rebound exercise, as generally
during treadmill exercises an increase
in heart rates has a linear increase in
VO2 (Weston et al. 2001) which may
be reduced in respiratory compromised
patients having HIV and TB co-infec-
tion. Chest physiotherapy positions do
not produce any significant effects on
heart rates (Moe et al. 1990) which was
also noted in this study. The hyperten-
sive readings post-rebound exercise
could be related to positive and nega-
tive lower body position changes, which
alter central and thoracic blood volumes,
causing changes in central venous pres-
sure and mean values of systolic blood
pressure. Systolic blood pressure also
increases with exercise duration, peak-
ing at 12 minutes at a heart rate of 160
beats/min and diastolic pressure remain-
ing fairly constant (Coast et al. 1998;
Olsen et al 2002). During chest physio-
therapy, blood pressure may be a blunted
baroreflex response, or the increase in
central blood volume was not sufficient
to stimulate high-pressure baroreceptors
(Naylor et al. 2005) correlating with this
study, as the chest physiotherapy group
showed no significant changes in blood
pressure rates.

CONCLUSION

This study supports rebound exercise as a
potential adjuvant with chest physiother-
apy for sputum induction in patients co-
infected with TB and HIV on HAART.
This was because a significant amount of
sputum was produced, and there was an
increase in the AFB positive yield. The
additional benefit of less time in direct
contact with infected patients by physi-
otherapists could reduce nosocomial TB
infections and minimise direct interac-
tion with an already overburdened work
force. However, as the combination
of rebound exercise with chest physi-
otherapy is a cough-generating and res-
piratory facilitated procedure, biosafety
issue must be implemented, and rebound
exercise should be used with caution due

to increased respiratory and blood pres-
sure rates.

LIMITATIONS OF THE STUDY
Interpretation of the data in this study
has limitations as the inclusion criteria
did not take into account the patients’
severity of TB infection when being
assigned to the groups, and although
patients were encouraged to cough out
all sputum produced, there is a possibil-
ity that some sputum could have been
swallowed or saliva could have been
included in the sample, thereby influenc-
ing sputum volumes.
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