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Incentive spirometry is a device which helps in the improvement of lung function
after abdominal surgery. It motivates the patients by giving visual feedback about their
lung volumes. It is one of the less expensive and user-friendlydevices. Incentive spirometry
facilitates the patients to take slow deep breath and there by producing a sustained maximal
inspiration (SMI) that mainly helps in the prevention of atelectasis. But it is a common practice
for physiotherapists to teach the patients to do expiratory exercise by reversing the incentive
spirometer. The simplest way to measure the maximal inspiratory and expiratory pressures
is by respiratory pressure meter in cmH2o0. To find out the efficacy of incentive spirometer in
improving the expiratory muscle strength following abdominal surgery. Quasi-Experimental
study. 30 subjects were conveniently selected based on inclusion and exclusion criteria and
allotted to group A (n=15) and group B (n= 15). Both groups were trained for inspiratory
muscle and group A was also trained for expiratory muscle using incentive spirometry. Maximal
inspiratory pressure (MIP), Maximal expiratory pressure (MEP). This study shows that the mean
MIP value have improved from 2nd to 7th postoperative day, but it is not statistically significant
(P>0.05). The mean MEP values shows statistically significant (P<0.05) improvement from
second to 7th postoperative day in group A when compared to group B. This study concludes
that there is significant improvement in the expiratory muscle strength along with inspiratory
muscle strength by training with the Incentive spirometry in the upside down and upright
positions respectively.
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Incentive spirometry is a device which
helps in the improvement of lung function. It
motivates the patients by giving visual feedback
about their lung volumes'. It is one of the less
expensive and user friendly device?. Incentive
spirometry facilitates the patients to take slow
deep breathe and there by producing a Sustained
Maximal Inspiration (SMI) that mainly helps in the
prevention of atelectasis 2*.

Incentive spirometry is designed to
mimic natural sighing or yawning by encouraging
the patient to take long, slow, deep breaths. This
decreases pleural pressure, promoting increased
lung expansion and better gas exchange’. Incentive
spirometry is classified into two types, they are
Volume oriented and Flow oriented®. According
to earlier study, there will be increased work of
breathing and increased muscle activity of upper
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chest in flow-oriented device, but less work of
breathing and improved diaphragmatic activity
in volume oriented device®.Tachypnea and
paradoxical abdominal chest movement are the
signs of fatigue during breathing®. After thoracic
or abdominal surgery incentive spirometry is done
mandatory for 10 times per hour °.

Abdominal surgery is defined as any
surgical operation done on the abdominal cavity, its
walls and orifice’. Post-operative complications are
reported in the range of 2-39% in upper abdominal
surgery, due to the surgery closer to diaphragm and
2-5% in lower abdominal surgery'®. The common
complications after abdominal surgery are:
atelectasis, pneumonia, bronchitis, pneumothorax,
bronchospasm, chronic lung disease. Post-
operative pulmonary complication is about 80%
in upper abdominal surgery; they cause changes in
pulmonary function and respiratory mechanics''.

They are always due to the anaesthesia
(general, local), type of incision and the surgical
technique undergone. At last they decrease
the Forced Vital Capacity (FVC) and Forced
Expiratory Volume(FEV)'2. Due to shallow
breathing, temporary diaphragmatic dysfunction,
decreased mucociliary clearances and decreased
cough effectiveness result in lack of lung inflation**.
Patients should be advised to move early after
the abdominal surgery which plays important
component of post-operative care'.

The most familiar method to obtain
the strength of respiratory muscle is by vital
capacity, maximal inspiratory method and maximal
expiratory method". The estimation of maximal
inspiratory pressure and maximal expiratory
pressure is by using respiratory pressure meter
(RPM), it is one of the non-invasivemethods
by which the strength of respiratory muscles is
assessed'®.

Strength of diaphragm and other
inspiratory muscles reflects the maximal inspiratory
pressure (MIP) and strength of abdominal muscles
and other expiratory muscles reflects the maximal
expiratory pressure(MEP)'". The simplest way to
measure the maximal respiratory pressure is by
respiratory pressure meter in cmH,O stated by
Black and Hyatt in 1969'. Respiratory pressure
meter(RPM) displays as a digital read out peak
pressure for inspiratory and expiratory effort'®.

The maximal sub atmospheric pressure

created during inspiration against a blocked airway
is known as maximal inspiratory pressure(MIP). The
maximal expiratory force against a blocked airway
known as maximal expiratory pressure(MEP)®.
Disadvantage of the device is that the patient with
the bulbar and facial weakness are prone to get
imperfect outcomes as they cannot keep their lip
tight around the mouthpiece?. Advantage of the
device is that it can be used by paediatric and adult
patients over the age of 3 years?..

Incentive spirometry by principle, is so far
used to train only the inspiratory muscles. Butitis a
common practice for few physiotherapists to teach
the patients to do expiratory exercise by reversing
the incentive spirometry. Early studies suggest
that, strength of both inspiratory and expiratory
muscles decreases after abdominal surgery. There
is no published literature on the use of incentive
spirometry in improving the expiratory volumes
and capacities. Hence the need of the study is to
check the effect of incentive spirometry in upside
down position training, to improve expiratory
muscles strength following abdominal surgery.
Materials used
Incentive spirometer (Ramson’s respirometer)
Respiratory pressure meter

METHODS

30 abdominal surgery patients both men
and women whose age between 30-60 years were
included. Patients undergoing any emergency
laparotomy, Malignancy, Cardiac conditions,
Pulmonary conditions, Immediate post-operative
complication were excluded in this study.

The procedure was described to subjects
and written consent was obtained. This study
cleared institutional ethical clearance. Prior to
the surgery, patient’s confidence was gained by
educating about the working and advantage of
the device. Subjects were conveniently allocated
to Group A (n=15) who trained in incentive
spirometry in both upright and upside position
and Group B (n=15) who trained in incentive
spirometry in upright position alone.

Group A patients were made to sit upright
in a bed with back support holding the incentive
spirometry at the eye level. The patients were asked
to hold a pillow at the site of incision in order
to decrease the pain in the area of incision. The
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patients were asked to take three normal breaths
before the mouth piece was held on their mouth
and they were asked to hold it tightly by their lips.
Now the patients were asked to take deep breath
slowly through their mouth and asked to hold the
balls as high as possible for 3 seconds. Once the
ball reached the base of spirometry, the patients
were asked to breath out slowly. Then they were
asked to repeat these steps for 10 times per hour.
With sufficient break they were asked to hold
incentive spirometry in upside down position and
exhale through mouth piece as much as possible.
This procedure was repeated for 10 times per hour.

Group B patients were asked to use
incentive spirometer only in upright position (10

Fig. 1. Incentive spirometer

times per hour).Both groups were asked to use
incentive spirometry whenever they are awake.
They were also instructed to use it after one hour
of their meal.

The strength of respiratory muscles
(Maximal inspiratory pressure and maximal
expiratory pressure) was evaluated using respiratory
pressure meter for both groups pre operatively, on
the second post-operative day and on the seventh

Fig. 2. Respiratory pressure meter

Table 1. Comparison of MIP between group A and B preoperatively, on the II pod and VII pod

Pod Group Mean SD Mean difference t- statistic (df) p -value
(95% ci)
Before A 64.73 13.79
Surgery (n=15) -6.07 0.15
-1.47
B 70.80 8.11
(N=15)
Second pod A 23.66 13.24 1.97 0.05
(N=15) 7.40
B 16.26 6.08
(N=15)
Seventh pod A 41.33 15.24 -1.32 0.19
(N=15) -6.13
B 47.46 9.57
(N=15)

(P<0.05); Table 1 shows the mean mip values of group a has improved from 23.66 on ii pod to 41.33 on the vii pod and
that of group b has improved from 16.26 on ii pod to 47.46 on the vii pod. There is no statistically significant difference
(p>0.05) between group a and b in mip on the vii pod.
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post-operativeday(POD). Patients were made to sit
with back support. By placing inspiratory mouth
piece they were asked to breath in hard and three
trails were taken with adequate intervals, from that
the best score was recorded in the assessment sheet.
This shows the Maximal Inspiratory Pressure(MIP)
of the individual is in cm of H,O. Then by placing
expiratory mouth piece they were asked to breath
out hard and three trails were taken with adequate
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interval, from that the best score was recorded in
the assessment sheet. This shows the Maximal
Expiratory Pressure(MEP) of the individual is in
cm of H,O.

RESULTS

Table 1 and graph 1 shows the mean MIP
values of group A has improved from 23.660n I1

Table 2. Comparison of MEP Between Group A and B Preoperatively, on the II Pod and VII Pod

Pod Group Mean SD Mean differnce  t- statistic (df) p -value
(95% CI)
Before A 65.26 11.82
Surgery (n=15) -0.867 -0.20 0.84
B 66.13 12.49
(N=15)
Second pod A 25.13 14.36 0.01
(N=15) 10.40 2.71
B 14.73 3.67
(N=15)
Seventh pod A 45.20 12.31 0.00
(N=15) 23.73 7.07
B 21.46 4.18
(n=15)

(p<0.05); Table 2 shows the mean MEP values of group A has improved from 25.13 on II POD t045.20 on the VII POD and
that of group B has improved from 14.73 on II POD to 21.46 on the VII POD. There is statistically significant difference

(p<0.05) between group A and B in MEP on the VII POD.

Graph 1. Maximal Inspiratory Pressure
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POD to 41.33 on the VII POD and that of group B
has improved from 16.26 on II POD to 47.46 on
the VII POD. There is no statistically significant
difference (p>0.05) between group A and B in MIP
on the VII POD.

Table 2 and graph 2 shows the mean MEP
values of group A has improved from 25.130on II
POD to 45.20 on the VII POD and that of group
B has improved from 14.73 on II POD to 21.46
on the VII POD. There is statistically significant
difference (p<0.05) between group A and B in MEP
on the VII POD.

DISCUSSION

The main objective of the study is to
find out the efficacy of incentive spirometry in
improving the expiratory muscle strength following
abdominal surgery when the incentive spirometry
is used in upside down position. The improvement
is actually measured by respiratory pressure meter.
Vincken, et al., states that the maximal inspiratory
pressure in male is 105 +25 and female is 71+
23, maximal expiratory pressure male is 140+
38 and female is 89 +£24. This study shows that
the mean values of maximal inspiratory pressure
and maximal expiratory pressure in both groups
show improvement on comparing from second to

seventh post-operative day. There is no statistically
significant difference (p>0.05) between group
A and B in MIP on the VII POD.Studies have
proved that during maximal inspiration there will
be increased production of surfactant, improved
compliance and oxygenation®*,

Once after abdominal surgery, patients
tend to have breathing difficulty and reduced cough
effort due to pain and anaesthetic effect. The use
of incentive spirometry has effect on respiratory
muscles which reduces postoperative pulmonary
complications. Incentive Spirometry is the most
widely prescribed technique for preoperative and
postoperative lung expansion. It is characterized
by active recruitment of the diaphragm and other
inspiratory muscles. During erect position of
spine, the chest wall is symmetrical, any improper
positioning like slouching, leaning over the affected
side due to pain that reduces the alveolar ventilation
and addition to that there will be mucociliary
disturbances which end up in stagnation of mucus
and results in infection”. SR Kulkarni reveals
that use of incentive spirometry decreases post
pulmonary complications but systemic analysis
does not support in the reduction of post pulmonary
complication.

In inspiratory phase using incentive
spirometry there will be thoracic expansion which

Graph 2. Maximal Expiratory Pressure
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reduces the pleural pressure that transmit to alveoli.
Trans respiratory Pressure gradient will be created
between alveoli and airway opening which causes
air to flow from the alveoli. On seventh post-
operative day, the mean value of MIP improved in
group B which underwent only inspiratory muscle
training than group A which underwent inspiratory
and expiratory training but it is not statistically
significant. Overend, et al., states that incentive
spirometry does not support in reducingpulmonary
complication after abdominal surgery.

There is statistically significant difference
(p<0.05) between group A and B in MEP on the
VII POD. This study reveals that there is more
improvement in expiratory muscle strength
which is trained by incentive spirometry. For
effective level of gaseous exchange, the strength
of respiratory muscle pump is important®.

During spontaneous expiration the chest
wall recoils, which reverses the transrespiratory
gradient. Now the alveolar pressure rises above
atmospheric pressure that cause gas to flow from
alveoli to atmosphere. Paltiel et al concluded
that lung functions like FEV1 can be increased
significantly when incentive spirometry and
specific inspiratory muscle training are used
before and after operation®®. FEV1 is an expiratory
function of the lungs which can be improved only
when the expiratory muscles strength is adequate.
So, this shows indirectly that MEP will also be
improved after Incentive spirometry training.

According to the AARC clinical practice
guidelines, Incentive Spirometry should be
contrasted with expiratory maneuvers which do
not have sigh mechanism and have been associated
with reduction of lung volumes.Yet our study has
proved that MEP values have improved after using
incentive spirometry in the upside down position.
It can be due to the fact that respiratory muscles
can be trained just like the skeletal muscles by
training in the upright and upside-down positions
with visual feedback and also by the principle,
that when the muscles are stretched to the ideal or
optimal length it can produce maximum muscular
contraction.

CONCLUSION

This study concludes that there is
significant improvement in the expiratory muscle

strength along with inspiratory muscle strength by
training with the Incentive spirometry in the upside
down and upright positions respectively.
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