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Abstract: Actual aim of “this review article is to study and to make a report an overview on the
efj “ects of* breathing exercises and incentive spirometry in improving lung capacity on
individuals with lung fibrosis. Incentive spirometer is a device that ofj “ers patients with visual
and other positive response. Incentive Spirometry is exercises that have been used to enhance
lung expansion. Incentive Spirometry is essential to the thoracotomy patients by increasing
inspiratory capacity and improves inspiratory muscle strength in patients. The risk and
severity of“ complications can be reduced by the use of* therapeutic maneuvers that increase
lung volume. Incentive spirometry has been routinely considered a part of* the perioperative
respiratory therapy strategies to prevent or treat complications. Incentive spirometry is
designed to mimic natural sighing or yawning by encouraging the patient to take long, slow,
deep breaths. People living with chronic lung diseases, such as chronic obstructive pulmonary
disease (C’OPD), C’OVID 19, emphysema and pulmonary fibrosis, experience similar lung
disease symptoms. Shortness of “breath and decreased lung function make breathing difficult.
Sometimes, doctors recommend their patients use an incentive spirometer. Incentive
spirometers are prescribed af*‘ter surgery or as part of “a lung disease treatment plan. Here are
the f*“acts you need to know about incentive spirometry benefits.
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INTRODUCTION

Incentive spirometer (1S) is a feedback system to encourage patients to take a deep breath and
produce a sustained maximal inspiration for the primary purpose of opening and stabilizing
atelectasis areas of the lung [1]. It provides low-level resistive training while minimizing the
potential of fatigue to the diaphragm muscle. Generally, this treatment is performed frequently
up to every hour, and its purpose is to treat and prevent atelectasis, especially in postoperative
thoraces and abdominal patients [2]. It is simple to use and provides the patient with visual
feedback on flow and volume [3]. Physiotherapists also use breathing exercises to promote
secretion removal, increase thorax mobility, enhance relaxation, control breathlessness [4],
increase pulmonary ventilation, and improve mobilization of the chest wall [5]. There are many
types of breathing exercises such as diaphragmatic breathing, pursed lip breathing, segmental
breathing, low-frequency breathing, sustained maximal inspiration breathing, and breathing
exercises connected with postural exercises [6]. Resisted breathing exercises programs in the
form of inspiratory resistive muscle training and abdominal weights training are very effective
for respiratory training and improvement in pulmonary function [7].

It is frequently observed in thoracotomy patients when performing Incentive Spirometry, which
the performance varies with patients of different age group, gender, history of smoking,
pulmonary disorders, associated problems, diagnosis, type of incision, type of surgery, pain and
pulmonary complications. Incentive Spirometry is the most preferred lung expansion therapy
used in all patients undergoing thoracotomy irrespect of the cause. It is commonly noticed that
the performance of Incentive Spirometry in post thoracotomy and abdominal surgery patients
varies depending upon the age, gender, patients with history of smoking, pulmonary problems,
post pulmonary complications, pain, clinical diagnosis of the patient, type of surgery and incision
made. Moreover no studies have been done on the influencing factors in Incentive Spirometry;
this study is done to find out the positive and negative influencing factors on Incentive

Spirometry [8-11].

Postoperative pulmonary complications are reported in the range of 2-39% and include
atelectasis, pneumonia, and respiratory failure. Upper-abdominal surgical procedures are
associated with a higher risk of complications, followed by lower-abdominal surgery and

thoracic surgery. Preoperative and postoperative respiratory therapy aims to prevent or reverse
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atelectasis and improve airway clearance. This decreases pleural pressure, promoting increased
lung expansion and better gas exchange. When the procedure is repeated on a regular basis,
atelectasis may be prevented or reversed. Expiratory maneuvers such as positive expiratory
pressure (PEP) and vibratory PEP do not mimic the sigh. While incentive spirometry is widely
used clinically as a part of routine prophylactic and therapeutic regimen in perioperative
respiratory therapy, its clinical efficacy remains controversial [12-17].

Dysfunctions of the breathing pattern can be first indicators of a problem within the human body,
be it of mechanical, physiological or mental kind. Incorrect breathing can be caused by blocked
ribs or vertebra, dysfunction of breathing and stabilising muscles, allergies, lung diseases, heart
failures and above all excessive stress. Major role also belongs to a change in posture control or
changed dynamic spine stabilisation. The breathing process is perfectly coordinated and
controlled by the brainstem and medulla oblongata. Breathing movements happen automatically,
induced by the autonomous nerves, although the depth and rhythm of the breathing can be
consciously regulated. This otherwise spontaneous activity can thus be influenced by will.
Breathing and breathing movements maintain not only the fundamental metabolic processes
connected to gas exchange but they also strongly influence body posture. This implies that
breathing influences posture stability while at the same time the quality of postural stability
influences breathing [17-20].

According to Kolar et al. [21] postural stability is defined as the ability to maintain upright body
posture and at the same time have the ability to react on changed external and internal forces so
as to prevent an unintentional or uncontrolled fall. Dylevsky, Druda and Mrazkova described
postural stability as a balanced and coordinated posture of the body as a unit and as a highly
specialised process of maintaining body balance and position of the body and its parts in a
constantly changing environment. It is a musculoskeletal regulatory body mechanism that
precedes every movement and afterwards seeks to maintain the reached position. It is therefore
not a simple taking of a position but a continuous maintaining of its stability. Furthermore,
breathing movements are influenced not only by internal and external environment but also by
the state of mind. While happiness undermines extensive body posture and increases breathing
movements, sadness and depression are exhibited by flexed body posture and hindrance of

breathing movements [18-22].
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People living with chronic lung diseases, such as chronic obstructive pulmonary disease
(COPD), emphysema and pulmonary fibrosis, experience similar lung disease symptoms.
Shortness of breath and decreased lung function make breathing difficult. Sometimes, doctors
recommend their patients use an incentive spirometer. Incentive spirometers are prescribed after
surgery or as part of a lung disease treatment plan. Here are the facts you need to know

about incentive spirometry benefits [23].

Incentive spirometers gently exercise the lungs and aid in keeping the lungs as healthy as
possible. The device helps retrain your lungs how to take slow and deep breaths. An incentive
spirometer helps increase lung capacity and improves patients’ ability to breathe. Tying to
manage medications, doctors’ instructions and your lung disease symptoms can feel
overwhelming and like you have no control over your healthcare. Using an incentive spirometer
lets you take charge of your lung health. When you use your incentive spirometer as instructed
by your doctor, you actively help your lungs learn how to work better [23].

Benefits of Incentive Spirometer [IS]

The name sounds complicated. But this is a simple handheld gadget that helps keep your lungs clear
when you’re off your feet for a while. Maybe you’ve had surgery on your chest or belly, or you've
fractured your ribs and find it painful to take deep breaths. Or you have pneumonia or a lung
condition like chronic obstructive pulmonary disease (COPD) or cystic fibrosis. The breaths you take
may not be as deep as usual. That means the air in your lungs may not move much and may not clear
out any infections. You inhale through an incentive spirometer to exercise your lungs and to get air
into every nook and cranny. Your doctor may also call it a manual incentive spirometer. It’s made of
plastic and is about the size of a small notebook. It has a mouthpiece that looks like a vacuum tube.
When you inhale with it, the suction will move a disc or a piston up inside a clear cylinder. The
deeper you breathe, the higher the piston rises. Most spirometers have numbers on the cylinder to
show how much air you take in. They also may have a gauge to tell if you’re inhaling at the right
pace [25].

Uses of IS in Patients with COVID-19 [25]

For many patients admitted to the hospital with COVID-19, surviving the virus is only half of the

battle. Once deemed virus-free and ready to be sent home, the often-long road to recovery
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including rebuilding lung capacity and overall respiratory health-begins. Two Cedars-
Sinai respiratory therapists explain what roadblocks these hospital-admitted patients face when it
comes to lung health and offer tips for non-patients looking to improve their overall respiratory
health. “Patients with COVID-19 tend to be sicker for much longer than other patients with
respiratory-related illnesses and, on average, stay on a ventilator for a longer duration,” said
Dagoberto Naranjo, RRT, a respiratory therapist in the Department of Respiratory Therapy at
Cedars-Sinai. These ventilated patients also take longer to react, or benefit from, oxygenation
efforts, according to Naranjo. “When patients are intubated for long periods, it’s usually because
they have accompanying or underlying medical conditions,” said Naranjo. “Patients who are
healthy usually are intubated only to get them over the hump of requiring high levels of oxygen.
This virus has proved to be unique, requiring different techniques and treatments than traditional
standards of care.”

Because of the high levels of oxygen these patients require, coupled with the length of time they
rely on ventilation, the road to a full recovery after leaving the hospital can be long for some
patients. “Although most patients recover without long-term effects, some patients experience
persistent symptoms after discharge,” said Christina Rogers, RRT, also a respiratory therapist in
the Department of Respiratory Therapy. “These symptoms include difficulty breathing, fatiguing
easily and experiencing weakness due to their limited ability to participate in regular physical

activity.”

A patient using a spirometer [26]:

To combat these symptoms, Rogers and Naranjo suggest patients be sent home with an incentive
spirometer device, which measures how deeply an individual can breathe in, and helps encourage
taking slow, deep breaths to increase lung capacity. “This tool can also help prevent secondary
lung problems, such as pneumonia,” said Rogers. The therapists also recommend that patients
focus on nutrition to increase energy levels, and if deemed appropriate by a physician,
incorporate mild exercise, such as walks, into their daily routines. For healthy people without
COVID-19, Rogers and Naranjo say it’s never a bad idea to increase overall lung capacity and
improve overall respiratory health. “Don’t underestimate the practice of simple deep breathing,”
said Rogers. “Most people only use a small part of their lung capacity. By increasing the length

of your inhalations and exhalations, you can increase your lung capacity and strengthen your
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breathing, which improves the exchange of oxygen and carbon dioxide, ultimately improving
lung capacity.”

Cardio workouts are also recommended to improve respiratory health. “To improve lung
capacity, cardio workouts, like speed-walking, jump rope, stationary bike-riding or running can
make a big impact,” said Naranjo. “However, every patient — including healthy individuals
without COVID-19 — should consult a doctor to ensure their physical limitations aren’t pushed to

the extreme.”

Mouth piece

2e xibie t ub ing

Figure 1: Parts of incentive spirometer [26]

To use your incentive spirometer, follow the steps below [26,27]:

1. Situpright in a chair or in bed. Hold the incentive spirometer at eye level.

O If you had surgery on your chest or abdomen (belly), hug or hold a pillow to help splint or brace
your incision (surgical cut) while you’re using the incentive spirometer. This will help decrease
pain at your incision.

2. Put the mouthpiece in your mouth and close your lips tightly around it. Slowly breathe out
(exhale) completely.

3. Breathe in (inhale) slowly through your mouth as deeply as you can. As you take the breath, you
will see the piston rise inside the large column. While the piston rises, the indicator on the right
should move upwards. It should stay in between the 2 arrows (see Figure 1).

4. Try to get the piston as high as you can, while keeping the indicator between the arrows.

O If the indicator doesn’t stay between the arrows, you’re breathing either too fast or too slow.
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When you get it as high as you can, hold your breath for 10 seconds, or as long as possible.
While you’re holding your breath, the piston will slowly fall to the base of the spirometer.
Once the piston reaches the bottom of the spirometer, breathe out slowly through your mouth.
Rest for a few seconds.

Repeat 10 times. Try to get the piston to the same level with each breath.

After each set of 10 breaths, try to cough, holding a pillow over your incision, as needed.
Coughing will help loosen or clear any mucus in your lungs.

Put the marker at the level the piston reached on your incentive spirometer. This will be your

goal next time.

Figure 2: Main parts of incentive spirometer [27]

Figure 3: Marketed product of incentive spirometer [28]
Risks and Complications [28-30]:
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In general, there are very few risks or possible complications with regular incentive spirometer
usage, but it's important to stop if you find yourself becoming lightheaded.

There are rare reports of collapsed lung (pneumothorax) that have been associated with very
aggressive spirometry in people with emphysema. If any of the following apply, you shouldn't
use an incentive spirometer:

You've recently had eye surgery: The pressure of breathing forcefully may affect your eyes.

You have a collapsed lung

You have an aneurysm (ballooning blood vessel) in the chest, abdomen, or brain

Figure 4: Marketed product of incentive spirometer [29]

Actual aim of this review article is to study and to make a report an overview on the effects of
breathing exercises and incentive spirometry in improving lung capacity on individuals with lung
fibrosis.

SURVEY OF LITERATURE

R. Malatova ct al., 2019, [31] reported that breathing difficulties are abundant throughout the
whole population spectrum. Breathing pattern dysfunctions are frequent despite the fact that
correct breathing is a necessary prerequisite for optimal functioning of the musculoskeletal
apparatus, correct body posture and mental well-being. Furthermore, good breathing ventilation
is immensely important in endurance sports. The quality of breathing stereotype also influences

vital lung capacity. Incorrect breathing can be caused by blocked ribs and vertebra, dysfunction
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of breathing and stabilization muscles, allergies, lung diseases, heart failure and above all
excessive stress. When stimuli causing unsuitable breathing stereotype prevail too long, the
dysfunction becomes fixated and must be eliminated and consciously corrected (using
compensation exercises). In this research, muscle dynamometer MDO03 was utilized for
examination of the breathing stereotype, followed by Spirometric measurements of forced
exhalation of the vital capacity and exhalation volume values for 1 second. Two months
intervention of targeted breathing exercises was applied on a group of adolescent athletes (19
individuals contributing to the intervention and 18 used as a control group) aged on average

17.26 + 1.80. Factual as well as statistically significant influence on the involvement and
strengthening of breathing muscles activated during diaphragmatic breathing at rest, as well as
during deep breathing was shown. Improved values of FVC (forced expiratory vital capacity) by
6 % from 4.51 + 1.13 L to 4.78 + 1.12 L were obtained together with improved FEV1 (the forced
expiratory volume in 1 second) by 6.1 % from 3.54 + 0.71 L.s-1 to 3.76 + 0.66 L.s-1. Both
changes are both factually and statistically significant although the factual change displays only a
slight effect, only minimal change could be sees for the control group where FVC increased by
0.45 % and FEV1 by 0.86 %. The test group also showed significant increase in breathing
volumes. This study has confirmed that a two-month intervention of targeted breathing exercises
has both factually and statistically significant influence on the activation and strengthening of

breathing muscles.

Shao-Kai Sum ct al., 2019, [32] reported that an incentive spirometer (I1S) is a mechanical device
that promotes lung expansion. It is commonly used to prevent postoperative lung atelectasis and
decrease pulmonary complications after cardiac, lung, or abdominal surgery. This study explored
its effect on lung function and pulmonary complication rates in patients with rib fractures.
Between June 2014 and May 2017, 50 adult patients with traumatic rib fractures were
prospectively investigated. Patients who were unconscious, had a history of chronic obstructive
pulmonary disease or asthma, or an Injury Severity Score (ISS) > 16 were excluded. Patients
were randomly divided into a study group (n = 24), who underwent IS therapy, and a control
group (n = 26). All patients received the same analgesic protocol. Chest X-rays and pulmonary
function tests (PFTs) were performed on the 5th and 7th days after trauma. The groups were

considered demographically homogeneous. The mean age was 55.2 years and 68% were male.
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Mean pretreatment ISSs and mean number of ribs fractured were not significantly different (8.23
vs. 8.08 and 4 vs. 4, respectively). Of 50 patients, 28 (56%) developed pulmonary complications,
which were more prevalent in the control group (80.7% vs. 29.2%; p = 0.001). Altogether, 25
patients had delayed hemothorax, which was more prevalent in the control group (69.2% vs.
29.2%; p = 0.005). Two patients in the control group developed atelectasis, one patient
developed pneumothorax, and five patients required thoracostomy. PFT results showed
decreased forced vital capacity (FVC) and forced expiratory volume in 1 s (FEVI) in the control
group. Comparing pre- and posttreatment FVC and FEV1, the study group had significantly
greater improvements (p 0.001). In conclusion, the use of an IS reduced pulmonary
complications and improved PFT results in patients with rib fractures. The IS is a cost-effective

device for patients with rib fractures and its use has clinical benefits without harmful effects.

Paltiel Weiner ct al., 1997, [33] predicted postoperative forced expiratory volume in 1 second
(FEVI) of less than 800 ml or 40% of predicted is a common criterion for exclusion of patients
from lung resection for cancer. Usually, the predicted postoperative lung function is calculated
according to a formula based on the number of lung segments that will be resected. Incentive
spirometry and specific inspiratory muscle training are two maneuvers that have been used to
enhance lung expansion and inspiratory muscle strength in patients with chronic obstructive
pulmonary disease and after lung operation. Thirty-two patients with chronic obstructive
pulmonary disease who were candidates for lung resection were randomized into two groups: 17
patients received specific inspiratory muscle training and incentive spirometry, 1 hour per day,
six times a week, for 2 weeks before and 3 months after lung resection (group A) and 15 patients
were assigned to the control group and received no training (group B). Results: Inspiratory
muscle strength increased significantly in the training group, both before and 3 months after the
operation. In group B, the predicted postoperative FEV1 value consistently underestimated the
actual postoperative FEVI by approximately 70 ml in the lobectomy subgroup and by 110 ml in
the pneumonectomy subgroup. In group A, the actual postoperative FEV 1 was higher than the
predicted postoperative FEV by 570 ml in the lobectomy subgroup and by 680 ml in the
pneumonectomy subgroup of patients. In patients undergoing lung resection the simple

calculation of predicted postoperative FEV underestimates the actual postoperative FEV1 by a
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small fraction. Lung functions can be increased significantly when incentive spirometry and

specific inspiratory muscle training are used before and after operation.

Ludmila Tais Yazbek Gomieiro ct al., 2011, [34] evaluated to the effects of a respiratory exercise
program tailored for elderly individuals with asthma. Asthma in older adults is frequently under
diagnosed, as reflected by approximately 60% of asthma deaths occurring in people older than
age 65. We are not aware of any other reports examining breathing exercises in this population.
Fourteen patients concluded the 16-week respiratory exercise program. All the patients were
evaluated with regard to lung function, respiratory muscle strength, aerobic capacity, quality of
life and clinical presentation. After 16 weeks of this open-trial intervention, significant increases
in maximum inspiratory pressure and maximum expiratory pressure (27.6% and 20.54%,
respectively) were demonstrated. Considerable improvement in quality of life was also observed.
The clinical evaluations and daily recorded-symptoms diary also indicated significant
improvements and fewer respiratory symptoms. A month after the exercises were discontinued,
however, detraining was observed. In conclusion, a respiratory exercise program increased
muscle strength and was associated with a positive effect on patient health and quality of life.
Therefore, a respiratory training program could be included in the therapeutic approach in older

adults with asthma.

Eman M. Othman ct al., 2016, [35] reported that radical cystectomy at times involves respiratory
physical therapy aiming to reverse pulmonary dysfunction, thus avoiding postoperative
pulmonary complications that increase hospital morbidity. The aim of this study was to
investigate the effects of resisted breathing exercise versus incentive spirometer (IS) training on
vital capacity (VC) outcomes in postoperative radical cystectomy cases. Forty male and female
patients between 40 and 80 years of age who had undergone radical cystectomy participated in
this study. Patients were randomly assigned into two equal groups of 20 each; both groups
received traditional physical approaches. In addition, group A (19 men and 1 woman) received
IS training for 15min daily for 6 weeks, and group B (16 men and 4 women) received resisted
breathing exercise for I5min daily, for 6 weeks. The primary outcome was VC, which was
measured using an electronic spirometer. This study showed a significant increase (P+0.05) in

VC in both groups on comparing pretreatment and post-treatment values within each group.
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After 6 weeks of treatment, between-group statistical analysis showed equal improvements in
VC (P=0.52). Nevertheless, the percentage of improvement in VC was 43.5% (2.46a0.64),
higher than that in the resisted breathing exercise group at 23.9% (2.34a0.53). IS produced better
objective improvement in VC compared with the usage of resistive breathing exercise? However,
both are considered as a gold therapeutic tool in the management of pulmonary complication

after radical cystectomy.

Naglaa Bakry Elkhateeb ct al., 2015, [36] evaluated the role of PR program to: Improve
functional capacity as assessed by 6MWD test, improve dyspnea level as assessed by MRC
dyspnoea scale, improve PFT and improve ABG. COPD has significant extrapulmonary effects
as weight loss, nutritional abnormalities, and skeletal muscle dysfunction. Pulmonary
rehabilitation (PR) programs are beneficial to COPD in order to improve exercise capacity,
muscle force, symptoms, and health-related quality of life. It was performed on forty-five COPD
patients. They are divided into: 15 patients for aerobic training group, 15 patients for respiratory
training group and 15 patients were control group. Regarding aerobic training group: There was
a statistically significant improvement in 6MWD (Pvalue 0.001), BODE score (P-value 0.001)
and both FEV1 (P-value 0.006) and FVC (P-value 0.002). Also there was a highly significant
improvement of FVC% (P-value 0.006) than the respiratory training group. There was a higher

% of improvement (66.7%) of dyspnea score grade within the respiratory training group than
aerobic training and control groups. Although there was no statistically significant difference of
both physiological parameters and ABG variables between control and respiratory training
groups, there was a significant improvement of both FVC (P-value 0.001) and FEV1 (P-value
0.047) and PO2 (P-value 0.001) and Sat O2 (P-value 0.001) within the respiratory training group.
Short-term PR program (6-8 weeks) especially aerobic training program has the capacity to:
Break the vicious circle of dyspnea, increasing inactivity and exercise intolerance. Improve

physiological parameters (FVC and FEV1) and improve some components of BODE index.

Ruben D Restrepo &, Leo Wittnebel, 2011, [37] searched the MEDLINE, CINAHL, and
Cochrane Library databases for articles published between January 1995 and April 2011. The

update of this clinical practice guideline is the result of reviewing a total of 54 clinical trials and
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systematic reviews on incentive spirometry. The following recommendations are made following
the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) scoring
system. 1: Incentive spirometry alone is not recommended for routine use in the preoperative and
postoperative setting to prevent postoperative pulmonary complications. 2: It is recommended
that incentive spirometry be used with deep breathing techniques, directed coughing, early
mobilization, and optimal analgesia to prevent postoperative pulmonary complications. 3: It is
suggested that deep breathing exercises provide the same benefit as incentive spirometry in the
preoperative and postoperative setting to prevent postoperative pulmonary complications. 4:
Routine use of incentive spirometry to prevent atelectasis in patients after upper-abdominal
surgery is not recommended. 5: Routine use of incentive spirometry to prevent atelectasis after
coronary artery bypass graft surgery is not recommended. 6: It is suggested that a volume-

oriented device be selected as an incentive spirometry device.

Sachin Chaudhary ct al., 2020, [38] compared the immediate effects of deep breathing with
acapella and incentive spirometer in preventing early postoperative pulmonary complications
followed by CABG. The incidence of postoperative pulmonary complications (PPCs) following
coronary artery bypass grafting (CABG) is between 30% and 60% and are the most significant
contributor to morbidity, mortality, and expenses associated with the hospitalization. Chest
physiotherapy is the fundamental component in post-operative physiotherapy. This study will
specify the preferable technique for early prevention of postoperative pulmonary complications.
In this study, 30 subjects fulfilling criteria divided into group A and group B randomly. Group A
received breathing exercises with acapella and group B with the incentive spirometer. The
outcome was evaluated through SPO2 levels, peak expiratory flow rate (PEFR), and numerical
rating scale scores for dyspnea (NRS). The data was analysed and the inference was drawn
through paired and unpaired t-tests. The study obtained very discrete findings. Out of 4 days
recordings of the outcome, the SP 2 levels were significantly improved in group B than group A
on the first day of treatment, while after 4days of treatment there was no significant difference
between group A and group B. The PEFR score was significantly higher in group A than group
B after four days. There was no significant difference in the lowering of NRS score for perceived
shortness of breath among both groups. In this study it is concluded that the breathing exercises

through Acapella and Incentive Spirometer are effective in preventing early PPCs followed by
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CABG by improving PEFR(mostly through acapella), SP 2 levels and reduction of shortness of

breath, thus improving quality outcome.

Gregory Reychler ct al., 2016, [39] reported on the effects of a 4-week program of IS on
respiratory muscle strength, chest wall mobility, and lung function in healthy elderly adults was
compared with those of a program of IMT. Based on a 10-cm H20O difference in MIP after 4
weeks of training, 15 subjects per group were needed to have sufficient statistical power to detect
a treatment effect. Analysis of variance and chi-square tests were used to compare initial
characteristics and improvement in outcomes. Forty-eight subjects were randomized. The three
groups had similar characteristics at the onset of the study. Changes in respiratory muscle
strength, CE, and lung function with training. MIP improved by 38.0% in the IMT group, 49.9%
in the IS group, and 22.7% in the control group (P > .05). Only lower CE improvement was
significantly greater in the IS group than the control group. Lung function parameters improved
by at least 10% only in the IMT group. Mean inspired volume tended to increase every week
(1,932, 2,046, 2,150, 2,121 mL, P = .18).

Gopala Krishna Alaparthi ct al., 2016, [40] evaluated on the effects of diaphragmatic breathing
exercises and flow and volume-oriented incentive spirometry on pulmonary function and
diaphragm excursion in patients undergoing laparoscopic abdominal surgery. They selected 260
patients posted for laparoscopic abdominal surgery and they were block randomization as
follows: 65 patients performed diaphragmatic breathing exercises, 65 patients performed flow
incentive spirometry, 65 patients performed volume incentive spirometry, and 65 patients
participated as a control group. All of them underwent evaluation of pulmonary function with
measurement of Forced Vital Capacity (FVC), Forced Expiratory Volume in the first second
(FEVI), Peak Expiratory Flow Rate (PEFR), and diaphragm excursionmeasurement by
ultrasonography before the operation and on the first and second postoperative days. With the
level of significance set at p 0.05. Pulmonary function and diaphragm excursion showed a
significant decrease on the first postoperative day in all four groups (p 0.001) but was evident
more in the control group than in the experimental groups.On the second postoperative day
pulmonary function (Forced Vital Capacity) and diaphragmexcursion were found to be better

preserved in volume incentive spirometry and diaphragmatic breathing exercise group than in the
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flow incentive spirometry group and the control group. Pulmonary function (ForcedVital
Capacity) and diaphragmexcursion showed statistically significant differences between volume
incentive spirometry and diaphragmatic breathing exercise group (p 0.05) as compared to that
flow incentive spirometry group and the control group. Volume incentive spirometry and
diaphragmatic breathing exercise can be recommended as an intervention for all patients pre- and
postoperatively, over flow-oriented incentive spirometry for the generation and sustenance of
pulmonary function and diaphragm excursion in the management of laparoscopic abdominal

surgery.

Fagevik Ols’en ct al. reviewed forty-four studies in order to evaluate the effects of chest
physiotherapy interventions in laparoscopic and open abdominal surgery. But the results showed
that breathing exercises were efficacious in preventing postoperative pulmonary complications in
patients undergoing open surgery. The review also showed that laparoscopic procedures impair
respiratory function to a considerably lower degree than open surgery. One study in the review
showed that routine treatment is not called for in upper gastrointestinal features such as, for
instance, fundoplication and vertical banded gastroplasty [41].

El-Marakby ct al. carried out a study on two experimental groups of patients in order to evaluate
the effects of aerobic exercise training and incentive spirometry in controlling pulmonary
complications following laparoscopic cholecystectomy. One group was given aerobic walking
raining and incentive spirometry as well as traditional physical therapy (Group A); the other
(Group B) was given traditional physical therapy. Results indicated a significant reduction in
heart rate, SaO2, and inspiratory capacity for both groups. The researchers concluded that
aerobic exercise and incentive spirometry were beneficial in reducing the postoperative
pulmonary complications after laparoscopic cholecystectomy[42].

Kundra ct al. carried out a comparative study on the effect of preoperative and postoperative
incentive spirometry on the pulmonary function of fifty patients who had undergone laparoscopic
cholecystectomy. The study group had to carry out incentive spirometry fifteen times before
surgery, every four hours, for one week. However, the control group underwent incentive
spirometry only during the postoperative period. Pulmonary function was recorded before
surgery and 6, 24, and 48 hours postoperatively and at the time of discharge. Result showed that

pulmonary function improvement was seen after preoperative incentive Spirometry. The authors
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concluded that pulmonary function iswell-preserved with preoperative than postoperative

incentive spirometry [43].

Cattano ct al. studied forty-one morbidly obese to assess use of incentive spirometry
preoperatively which could help patients to preserve their pulmonary function (inspiratory
capacity) better in the postoperative period following laparoscopic bariatric surgery. Subjects
were randomly sorted into two groups (the exercise and the control group).The exercise group
used the incentive spirometer for ten breaths, five times per day. The control group used
incentive spirometer three breaths, once per day. Pulmonary function (inspiratory capacity) was
recorded at the day of surgery and postoperative day 1. The author concluded that preoperative
use of the incentive spirometer does not lead to significant improvement of pulmonary function

(inspiratory capacity) [44].

Rafagat A ct al., 2016, [45] compared the effectiveness of Balloon Blowing exercise and
incentive spirometry in patients with chest intubation after trauma. It was a randomized
controlled trial. The participants were selected on the basis of chest trauma with chest intubations
who were admitted. A questionnaire which consisted of demographic (age and gender) data and
measuring variables (Force vital capacity, forced expiratory volume in 1 second, oxygen
saturation, respiration rate and chest expansion) was filled from the participants. Study duration
was 6 weeks and patients were divided in two groups of 30 in each group. Group 1 used
incentive spirometry method and group 2 used balloon blowing exercise method. So it is
concluded that the pre and post treatment differences are found statistically significant. The pre
and post differences in incentive spirometry group and balloon blowing group found a significant
improvement in breathlessness with the p-value is 0.00 for FVC, FEV1, SPO, RR and Chest
Expansion. The post treatment differences between two groups are found statistically
insignificant. The p-values for FVC, FEV1, SPO, RR and Chest Expansion are 0.660, 1.00,
0.216, 0.927 and 0.636 respectively. Comparing these p-values at significance level 0.05 is
insignificant. So conclusion of the study implies that both incentive spirometry and balloon

blowing exercise are equally effective.
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A retrospective study analysis was done on 515 cases of chest trauma injury. They found that
thoracic morbidity rate was 36% and mortality rate was 15.5%. Majority of the patients with
blunt trauma had a lot of other injuries along with chest trauma. In this study only 84 patients
had isolated thoracic injuries and 431 patients had multi trauma injuries with chest trauma. In all,
287 patients who had hemothorax, pneumothorax (unilaterally and bilaterally) and their
combined complications developed like pulmonary contusions, cardiac contusions, ruptured
diaphragms, ruptured aortas, cardiac rupture, thoraceobronchial injury, pulmonary vessels and
great vessels injury. Morbidity was mainly due to atelectasis then pneumonia, acute respiratory
distress syndrome, emphysema, recurrent pneumothorax and aspiration. Mortality rate is due to
late arrival of patients to hospital with no vital sign or cardiac arrest and also due to acute
respiratory distress syndrome developed after 72 hours of hospitalization [46].

Another study was conducted to quantitatively assess the efficacy of incentive spirometry (1S),
intermittent positive pressure breathing (IPPB), and deep breathing exercises (DBEX) in
postoperative pulmonary complications prevention in patients who had upper abdominal surgery.
Method of database was performed and collects through the relevant citations through
computerized searches and the cumulative Index to Nursing and Allied Health. Citations were
based on the following selected and relevant criteria of patients undergo any type of upper
abdominal surgery, any combination of IS, IPPB, and DBEX, a pulmonary complications
outcome and randomized trials. Results were in favor of incentive spirometry. An incentive
spirometry verse no physical activity was 0.44 and results of deep breathing exercise versus no
physical activity was 0.43. Both findings were significant. Comparison between the IS verses
IPPB is 0.76 (95%), IS verses DBEX is 0.91 (955) and IPPB verses DBEX is 0.94 (95%).
Therefore the result is quite clear that Incentive spirometry and DBEX is found to be more
effective than no physical therapy intervention in postoperative pulmonary complications

prevention [47].

Lung volume therapy with the VoldyneRo device can improve lung volume and has a

nonsignificant benefit on respiratory muscle strength via the slow deep-breathing technique
(SDBT); whereas respiratory muscle training with a respiratory muscle trainer via the fast deep-
breathing technique (FDBT) has produced a significant improvement in people with COPD.

Thus, the aim of this study was to compare the efficiency of lung volume therapy with the
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VoldyneRo device with the SDBT and FDBT on pulmonary function, respiratory muscle strength,
oxidative stress, cytokines, walking capacity, and quality of life (QoL) in people with COPD. A
total of 30 COPD patient volunteers with mild (stage 1) to moderate (stage Il) severity were
randomized into two groups: SDBT (n=15) and FDBT (n=15). Pulmonary function (FVC, FEV1,
and FEVI/FVC), maximal inspiratory mouth pressure (PImax), oxidative stress status (total
antioxidant capacity [TAC], glutathione [GSH], malondialdehyde [MDA], and nitric oxide
[NO]), inflammatory cytokines (tumor necrosis factor-alpha [TNF-o] and IL-6), 6-minute
walking distance (6MWND), and total clinical COPD questionnaire (CCQ) score were evaluated
before and after 4 weeks of training. All the parameters had no statistical difference between the
groups before training. The Plmax, TAC, IL-6, total QoL score, and 6MWD changed
significantly in the SDBT group after the 4-week experiment as compared to those in the pre-
experimental period, whereas FVC, FEV1, FEV1%, FEV1/FVC%, PImax, TAC, MDA, NO,
TNF-n, IL-6, 6MWD, and total CCQ score changed significantly in the FDBT group as
compared to those in the pre-experimental period. The FEV1%, PImax, TNF-o, IL-6, and total
CCQ score differed significantly in the FDBT group in the post-experimental period as
compared to those in the SDBT group. This preliminary study concluded that the application of
incentive spirometry with the VoldyneRo  device via fast deep breathing possibly improved
respiratory muscle strength and QoL and reduced inflammatory cytokines, MDA, and NO better
than that via slow deep breathing among people with COPD [48].

Pulmonary complications are the most frequently occurring complications following cardiac
surgeries. Chest physiotherapy along with incentive spirometry after surgery is directed towards
maximal inspiration in an attempt to prevent atelectasis. Incentive spirometry is a device with
visual feedback designed to achieve and sustained maximal inspiration. Various factors like age,
gender, pulmonary complications, clinical diagnosis, type of surgery, type of incision, pain, etc.,
has an influence on the performance of incentive spirometry. To find out factors influencing
incentive spirometry values in patients undergoing thoracotomy. Non experimental study design,
observational type, 25 subjects with thoracotomy surgery were approached an inform consent
was taken. All the subjects were given incentive spirometer along with conventional
physiotherapy and incentive spirometry values are noted on 1st post-operative day and 7th post-

operative day from the patients. Statistical analysis was done by using chi-square test which
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showed statistically no significant association (p>0.05) between smoking, pulmonary disorders,
associated problems, diagnosis, type of surgery and incentive spirometry values in the
thoracotomy patient on 1st and 7th post-operative day. It shows statistically significant
association (p+0.05) of gender with incentive spirometry values on 7th post-operative. This study
concluded that there is association between gender and performance of incentive spirometry but
other factors like pain, age, diagnosis, type of incision, pulmonary complications does exhibit
influence on the performance of incentive spirometer, which can be demonstrated with extensive
study in future [49].

METHODOLOGY

Breathing Exercises: Using a Manual Incentive Spirometer

Breathing can be hard after you've had surgery, when you have a lung disease like COPD, or if
you're on bed rest. You may find that you can only take small, shallow breaths. Breathing this
way makes it harder to get air into your lungs and can cause fluid and mucus to build up in your
lungs. This could cause a serious lung infection like pneumonia. Using an incentive spirometer
can help you practice taking deep breaths, which can help open your airways, prevent fluid or
mucus from building up in your lungs, and make it easier for you to breathe [24].

How do you use an incentive spirometer [24,50]?

When you use an incentive spirometer, you'll breathe in air through a tube that is connected to a
large air column containing a piston or ball. As you breathe in, the piston or ball inside the
column moves up. The height of the piston or ball shows how much air you breathed in. You
may feel lightheaded when you breathe in deeply for this exercise. If you feel dizzy or like you're
going to pass out, stop the exercise and rest. You may only be able to raise the piston or ball a
short distance up the column at first. As you use the spirometer, you should be able to breathe in

more air over time and get back to the level that is normal for you.

1. Move the slider on the outside of the large column to the level that you want to reach or that
your doctor recommended.

2. Sit or stand up straight, and hold the spirometer in front of you. Be sure to keep it level.

3. To start, breathe out normally. Then close your lips tightly around the mouthpiece. Make

sure that you don't block the mouthpiece with your tongue.
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4. Take a slow, deep breath. Breathe in as deeply as you can. As you breathe in, the piston or
ball inside the large column will move up. Try to move the piston or ball as high up as you
can or to the level your doctor recommended. When you can't breathe in anymore, hold your
breath for 2 to 5 seconds.

5. Relax, remove the mouthpiece, and then breathe out normally. Repeat steps 1 through 5 as
many times as your doctor tells you to. Then go to step 6.

6. After you've taken the recommended number of breaths, try to cough a few times. This will
help loosen any mucus that has built up in your lungs. It will make it easier for you to
breathe. If you just had surgery on your belly or chest, hold a pillow over your incision when
you cough. This will support your belly or chest and reduce your pain. Repeat steps 1

through 6 as many times a day as your doctor tells you to.

Each time you do this exercise, keep track of your progress by writing down how high the piston
or ball moves up the large column. This will help you and your doctor know how well your lungs

are working.

Incentive spirometry, also referred to as sustained maximal inspiration, is accomplished by using
a device that provides feedback when the patient inhales at a predetermined flow or volume and
sustains the inflation for at least 5 seconds. The patient is instructed to hold the spirometer in an
upright position, exhale normally, and then place the lips tightly around the mouthpiece. The
next step is a slow inhalation to raise the ball (flow-oriented) or the piston plate (volume-
oriented) in the chamber to the set target. At maximum inhalation, the mouthpiece is removed,
followed by a breath-hold and normal exhalation. Instruction of parents, guardians, and other
health caregivers in the technique of incentive spirometry may help to facilitate the patient’s
appropriate use of the technique and assist with encouraging adherence to therapy.
HAZARDS AND COMPLICATIONS [24]

« Ineffective unless performed as instructed

» Hyperventilatiomrespiratory alkalosis

» Hypoxemia secondary to interruption of prescribed

* oxygen therapy

« Fatigue
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« Pain

INDICATIONS [51-72]

» Preoperative screening of patients at risk for postoperative complications to obtain
baseline flow or volume.

» Respiratory therapy that includes daily sessions of incentive spirometry plus deep
breathing exercises, directed coughing, early ambulation, and optimal analgesia may
lower the incidence of postoperative pulmonary complications.

* Presence of pulmonary atelectasis or conditions predisposing to the development of
pulmonary atelectasis when used with:

4 Upper-abdominal or thoracic surgery

Lower-abdominal surgery
Prolonged bed rest

Surgery in patients with COPD
Lack of pain control

Presence of thoracic or abdominal binders

A A A DM B~ D

Restrictive lung defect associated with a dysfunctional diaphragm or involving the
respiratory musculature
+ Patients with inspiratory capacity of 2.5 L
 Patients with neuromuscular disease
 Patients with spinal cord injury
 Incentive spirometry may prevent atelectasis associated with the acute chest syndrome in
patients with sickle cell disease.
 In patients undergoing coronary artery bypass graft
4 Incentive spirometry and positive airway pressure therapy may improve pulmonary
function and 6-minute walk distance and reduce the incidence of postoperative
complications.
When you empty out and refill the air in your lungs, you get rid of fluid and germs that can lead to an
infection. You also exercise your lungs, so that they’re able to put more oxygen into your body. That
helps you to heal and avoid lung infections. If you’re having surgery, your doctor may want you to

start using your spirometer at home before you head to the hospital. If you strengthen your lungs,
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you’re less likely to pick up an infection there. Experts debate the advantages of incentive
spirometry. Studies show that deep breathing exercises appear to work just as well. Your doctor will

suggest what may work best for you.

CONCLUSION

Incentive spirometry is also referred to as sustained maximal inspiration. This essential
component is used in patients preoperatively and postoperatively in thoracotomy surgeries to
prevent respiratory complications. The incentive Spirometry increases the intra pleural pressure
and intra alveolar pressure after a deep inhalation and by increasing Tran’s pulmonary pressure
gradient, which is sustained for a few seconds with a breath hold. Atelectasis can frequently be
prevented or treated by increasing the Trans pulmonary pressure gradient and further expanding

the alveoli.
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