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ABSTRAKT

Respiratory physiotherapy is an important element in the prevention and
treatment of postoperative respiratory complications, which frequently
occur in patients after surgical procedures, particularly in the thoracic and
abdominal areas. The aim of this study was to assess the impact of respiratory
physiotherapy on reducing the risk of postoperative pulmonary complications
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and to determine the importance of early mobilization and patient education
in the rehabilitation process. The study is based on a review of available
scientific literature regarding the use of various respiratory physiotherapy
methods in the postoperative period and their effectiveness in preventing
pulmonary complications. The analysis of studies indicates that the use
of respiratory techniques reduces the incidence of complications such as
atelectasis and pneumonia, and the best therapeutic effects are achieved
when breathing exercises are combined with early patient mobilization
and appropriate preoperative education. The results of the review confirm
that a comprehensive approach to respiratory physiotherapy increases its
effectiveness in preventing postoperative complications. At the same time,
the need for further research of high methodological quality is emphasized to
standardize procedures and better determine the effectiveness of individual
therapeutic methods.
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1. Introduction

Postoperative pulmonary complications (PPCs) are
one of the most common complications following
surgical procedures. This term encompasses a variety
of respiratory disorders occurring in the postoperati-
ve period, such as atelectasis, pneumonia, respiratory
failure, bronchospasm, and exacerbation of existing
lung diseases, such as chronic obstructive pulmonary
disease (COPD). These complications can occur after
both thoracic and non-thoracic surgeries, particularly
abdominal procedures 7],

The incidence of postoperative pulmonary compli-
cations depends on the type of procedure, patient age,
comorbidities, and perioperative treatment methods
used. According to literature data, PPCs occur in ap-
proximately 5-20% of surgical patients, and in high-risk
groups, this percentage may be significantly higher. El-
derly patients, smokers, patients with chronic respirato-
ry diseases, and patients undergoing extensive surgical
procedures are particularly at risk >4,

The importance of postoperative pulmonary com-
plications stems from their significant impact on tre-
atment and patient prognosis. The occurrence of po-
stoperative pulmonary complications is associated with
an increased risk of mortality, prolonged hospitaliza-
tion, and the need for additional diagnostic and thera-
peutic procedures. These complications also contribute
to increased healthcare costs and a decreased quality of
life for patients during recovery. Therefore, prevention
of postoperative pulmonary complications is a key ele-
ment of modern perioperative care [1>°],

In recent years, there has been a steady increase in
the number of surgical procedures performed, which
is related to the development of surgical medicine, an
aging population, and the increased availability of mo-
dern surgical methods. Despite technological advances
and improvements in anesthetic methods, postope-
rative pulmonary complications remain a significant
clinical problem. Increasing attention is being paid to
the importance of preventive measures undertaken
both before and after surgery. Respiratory prophylaxis
plays a particularly important role, aiming to maintain
proper lung ventilation, prevent secretion retention in
the airways, and reduce the risk of atelectasis and pul-
monary infections. Properly implemented prophylaxis
can reduce the number of complications and improve
surgical outcomes >,

A key element of preventive measures is respiratory
physiotherapy, which encompasses a variety of tech-
niques to support respiratory function. The most com-
monly used methods include deep breathing exercises,
diaphragm training, effective coughing techniques, in-

centive spirometry exercises, and airway clearance me-
thods. Given the growing importance of these interven-
tions and the constantly evolving scientific knowledge,
it is appropriate to analyze their effectiveness in preven-
ting postoperative pulmonary complications >71.

2. Methodology

This study was conducted as a narrative literature re-
view with elements of a systematic approach, aiming
to critically evaluate the importance of breathing tech-
niques in preventing pulmonary complications after
surgery. Searches were performed in PubMed, Scopus,
Web of Science, and Google Scholar for publications
from 2018-2026 using terms including ,,postoperative
pulmonary complications”, ,breathing exercises’, ,,in-
centive spirometry’, ,,respiratory physiotherapy” and
»early mobilization” Articles published in English and
involving adult surgical patients were included.

3. Characteristics of Postoperative
Pulmonary Complications

Postoperative pulmonary complications (PPCs) are
among the most common complications following
surgical procedures and constitute a significant cli-
nical problem. Their occurrence is associated with
increased morbidity and mortality, prolonged hospi-
talization, and increased treatment costs 2. The risk
of developing PPCs is particularly high after thoracic
and abdominal surgery, but they can occur after any
procedure requiring general anesthesia. The main me-
chanisms leading to the development of pulmonary
complications include impaired ventilation, restric-
ted diaphragmatic mobility, weakened cough reflex,
airway secretion, and prolonged patient immobiliza-
tion (481,

3.1. Definition and Classification of PPCs

Postoperative pulmonary complications are defined as
respiratory disorders occurring in the postoperative
period, negatively impacting the course of treatment
and the patient’s health. They may appear immediately
after the procedure or develop within a few days after
surgery. In clinical practice, PPC includes, among
others, atelectasis, pneumonia, hypoxemia, respirato-
ry failure, and bronchospasm !,

Atelectasis is one of the most common postopera-
tive pulmonary complications. It involves partial or
complete collapse of the lung alveoli, leading to a re-

DOI: 10.12775/JEHS.2026.95.73502


https://doi.org/10.12775/JEHS.2026.95.73502

The importance of breathing techniques in preventing pulmonary

JEHS

duced surface area for gas exchange. The development
of atelectasis is primarily contributed to by shallow
breathing caused by postoperative pain, the effects of
anesthetics, and the accumulation of secretions obs-
tructing the bronchial lumen "',

Symptoms of atelectasis include shortness of bre-
ath, tachypnea, decreased oxygen saturation, and de-
creased alveolar murmurs over the affected lung area.
Untreated atelectasis can lead to the development of
pulmonary infections and a deterioration in the pa-
tient’s respiratory function.

Postoperative pneumonia is a serious complica-
tion associated with infection of the lung parenchyma
(1911 The development of the disease is facilitated by
the accumulation of secretions in the airways, weake-
ned body defense mechanisms, and limited physical
activity after surgery. The most common symptoms
include fever, cough, expectoration of sputum, short-
ness of breath, and deterioration in gas exchange pa-
rameters. Pneumonia can significantly prolong hospi-
talization, require antibiotic therapy, and increase the
risk of respiratory failure. In severe cases, it poses a
direct threat to the patient’s life [">%],

Hypoxemia refers to a decrease in the partial
pressure of oxygen in arterial blood and is a common
condition observed after surgical procedures. It can
result from atelectasis, impaired ventilation, an ab-
normal ventilation-to-perfusion ratio, and the effects
of drugs used during anesthesia "?. Symptoms of hy-
poxemia include shortness of breath, increased heart
rate, anxiety, weakness, and decreased oxygen satu-
ration. In more severe cases, impaired consciousness
and organ failure may occur. Early diagnosis and tre-
atment of hypoxemia are crucial to preventing further
complications.

Respiratory failure is one of the most serious po-
stoperative pulmonary complications. It occurs when
the respiratory system is unable to provide adequate
gas exchange, leading to hypoxia and/or excessive car-
bon dioxide accumulation in the blood *'2,

Causes of respiratory failure may include extensive
atelectasis, severe pneumonia, exacerbation of existing
lung disease, or complications related to anesthesia.
Symptoms include increasing dyspnea, tachypnea, cy-
anosis, impaired consciousness, and significant dete-
rioration of blood gas parameters. In many cases, oxy-
gen therapy, noninvasive ventilation, or mechanical
ventilation are necessary.

Bronchospasm is a narrowing of the airways due
to contraction of bronchial smooth muscle. This com-
plication is more common in patients with bronchial
asthma, chronic obstructive pulmonary disease, or
other respiratory conditions »>!2.,

Factors that trigger postoperative bronchospasm
include airway irritation during intubation, drug re-
actions, and secretion retention. Symptoms include
wheezing, shortness of breath, chest tightness, and
prolonged expiratory phase. Bronchospasm leads
to increased airway resistance and impedes proper
lung ventilation, requiring prompt diagnosis and ap-
propriate treatment >4,

Postoperative pulmonary complications constitute a
diverse group of disorders with a common mechanism
leading to deterioration of respiratory function. Their
prevention is based primarily on early implementation
of rehabilitation activities, the use of breathing tech-
niques, and patient activation within the first few days
after surgery 12611,

3.2. Risk Factors

The occurrence of postoperative pulmonary compli-
cations depends on many factors related to both the
patient’s health status and the characteristics of the
surgical procedure. Identification of risk factors is
crucial for planning preventive measures and imple-
menting appropriate pulmonary rehabilitation me-
thods. The most important factors increasing the li-
kelihood of developing PPC include advanced patient
age, comorbidities, the type and duration of surgery,
the use of general anesthesia, and postoperative im-
mobilization 1213,

Advanced age is one of the most important risk fac-
tors for postoperative pulmonary complications. Aging
is accompanied by a gradual deterioration of respira-
tory function, decreased lung tissue elasticity, and we-
akened respiratory muscle strength. Elderly individuals
also experience decreased airway clearance and a redu-
ced cough reflex 121,

Elderly patients are more likely to suffer from chro-
nic diseases, which further increase the risk of po-
stoperative complications. For this reason, older adults
require special care and early implementation of pre-
ventive measures, including pulmonary rehabilitation
and postoperative mobilization 12,

A significant factor increasing the risk of PPC is
comorbidities affecting the respiratory and circulato-
ry systems. Chronic obstructive pulmonary disease
(COPD) is particularly important, as it leads to limited
airflow, increased secretion production, and decreased
respiratory function. Patients with COPD are at incre-
ased risk of developing atelectasis, pneumonia, and re-
spiratory failure after surgical procedures 2.

Obesity is also a significant risk factor. Excess body
weight limits the mobility of the diaphragm and chest,
impeding proper lung ventilation. Obese patients are
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more likely to experience hypoventilation, impaired
gas exchange, and a higher incidence of postoperative
atelectasis ['2!8,

Tobacco smoking is one of the best-documented
risk factors for pulmonary complications. Tobacco
smoke damages the respiratory epithelium, impairs
the mucociliary mechanism, and increases the produc-
tion of bronchial secretions. Smokers are more likely to
experience respiratory infections, bronchospasm, and
impaired tissue healing after surgery. It has been shown
that quitting smoking even a few weeks before surgery
can significantly reduce the risk of PPC ['>2],

The risk of developing pulmonary complications
also depends on the type of surgical procedure perfor-
med. The highest risk is observed after thoracic and up-
per abdominal surgeries, as these procedures directly
affect respiratory mechanics and diaphragmatic func-
tion 181,

The duration of surgery is also important. Long-
-term procedures are associated with prolonged immo-
bilization, greater exposure to anesthetics, and a greater
risk of impaired lung ventilation. The longer the surge-
ry, the greater the likelihood of atelectasis, hypoxemia,
and other respiratory disorders in the postoperative
period 8],

General anesthesia is one of the main factors contri-
buting to the development of postoperative pulmonary
complications. Anesthetics affect respiratory muscle
function, reduce diaphragmatic tone, and limit tidal
volume. Additionally, the cough reflex and airway cle-
arance are impaired.

During anesthesia, some alveoli may collapse, which
contributes to the development of atelectasis in the
first few hours after surgery. After waking up, patients
often breathe more shallowly due to postoperative pain,
which further exacerbates ventilation disorders !,

Prolonged lying down after surgery is a significant
factor contributing to the development of postoperative
pulmonary complications. Physical inactivity leads to
limited ventilation of the lower lungs, secretion reten-
tion, and respiratory muscle weakness. Consequently,
the risk of atelectasis, pneumonia, and impaired gas ex-
change increases 1!,

Immobilization also adversely affects blood circula-
tion and overall body function. For this reason, con-
temporary postoperative care standards emphasize the
importance of early upright standing and activation of
patients. Early mobilization, combined with breathing
exercises, is one of the most effective ways to reduce
the risk of postoperative pulmonary complications.
Recognizing risk factors allows for the identification of
patients requiring special care and the implementation
of appropriate preventive measures. Comprehensive

treatment, including respiratory rehabilitation, patient
education, and early mobilization play a key role in re-
ducing the incidence of PPC and improving surgical
outcomes 4%,

3.3. Mechanisms of Complications

Pulmonary complications following surgical procedu-
res constitute a significant clinical problem, contribu-
ting to prolonged hospitalization, increased treatment
costs, and poorer patient outcomes. The development
of postoperative pulmonary complications is mainly
associated with impaired ventilation, reduced lung
volumes, respiratory muscle dysfunction and ineffec-
tive airway clearance.

General anesthesia and surgical trauma alter nor-
mal respiratory mechanics. Following surgery, patients
frequently exhibit shallow breathing due to pain and
discomfort, which reduces tidal volume and limits
alveolar expansion. Consequently, lung volumes such
as functional residual capacity (FRC), vital capacity
(VC), and total lung capacity (TLC) decrease signifi-
cantly. Restricted diaphragmatic movement and respi-
ratory muscle weakness further impair ventilation and
contribute substantially to PPC development. Weak-
ness of the diaphragm, which is responsible for most
of the work of breathing, reduces inspiratory efficiency
and contributes to shallow breathing, limited effective
ventilation, and impaired cough effectiveness. As a re-
sult, alveolar collapse may occur, particularly in depen-
dent lung regions, increasing the risk of atelectasis and
impaired gas exchange !12222324],

Another important mechanism is ineffective airway
clearance. Postoperative pain often suppresses deep
breathing and effective coughing, while anesthesia
may impair mucociliary transport through its effects
on respiratory epithelial cilia. As a result, secretions
accumulate within the airways, increasing the risk of
small airway obstruction, atelectasis, and pulmona-
ry infection. Retained secretions also create favorable
conditions for bacterial growth and contribute to the
development of postoperative pneumonia %,

Collectively, these physiological disturbances lead
to ventilation-perfusion mismatch, impaired oxygena-
tion, and increased susceptibility to pulmonary com-
plications. In severe cases, they may progress to hy-
poxemia and respiratory failure. Understanding these
mechanisms provides the physiological rationale for
implementing respiratory physiotherapy and other pre-

ventive interventions during the postoperative period
[9,12,13]

4. Breathing Techniques Used After Sur-
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Postoperative breathing techniques are an important
element in the prevention of pulmonary complica-
tions after surgical procedures. Their main goals are
to improve lung ventilation, increase gas exchange
efﬁciency, prevent secretion retention, and maintain
normal respiratory muscle function. Regular respira-
tory physiotherapy helps reduce the risk of atelectasis,
pneumonia, and respiratory failure, particularly in pa-
tients after abdominal and thoracic surgery. Both sim-
ple breathing exercises and more advanced techniqu-
es to support ventilation are used in clinical practice
(Table 1) 256231,

4.1. Deep Breathing Exercises

Deep breathing exercises are one of the basic methods
of respiratory physiotherapy used in patients after
surgical procedures. Their main goals are to impro-
ve lung ventilation, prevent secretion retention, and
reduce the risk of postoperative pulmonary complica-
tions such as atelectasis, pneumonia, and respiratory
failure. These techniques are particularly important
after abdominal and thoracic surgery, where postope-
rative pain and limited diaphragmatic mobility lead to
shallow breathing and reduced tidal volume (Table 1)

[5,15,25]

4.1.1. Mechanism of Action

The mechanism of action of deep breathing exercises
is based on increasing inspiratory volume and impro-
ving the function of the diaphragm and respiratory
muscles. Taking slow, deep breaths increases transpul-
monary pressure, allowing for more complete expan-
sion of the alveoli. This improves ventilation in lung
areas that may be insufficiently aerated after surgery
due to patient immobilization, pain, or the effects of
anesthetics 1>'],

Regular breathing exercises also support airway cle-
arance by stimulating effective coughing and facilita-
ting the removal of bronchial secretions. Furthermore,
activation of the diaphragm has a beneficial effect on
respiratory mechanics, reducing the work of accessory
respiratory muscles and improving gas exchange .
Increasing thoracic mobility is also a key element, co-
unteracting ventilatory limitations that develop in the
postoperative period ..

4.1.2. Impact on Lung Aeration

Deep breathing exercises play a significant role in im-
proving lung aeration by increasing vital capacity and
recruiting collapsed alveoli. Deep inhalations facilita-
te better airflow to the peripheral lung regions, which
are particularly susceptible to atelectasis after surgery
(515251 This improves the ventilation-to-perfusion ra-
tio, resulting in more effective blood oxygenation 2.,

Table 1. Characteristics of breathing techniques used in the prevention of postoperative pulmonary

complications

Breathing

v Main mechanism of action Main clinical benefits Limitations
Increase inspiratory volume Improved lune aeration
Deep breathing and alveolar recruitment; inc}; cased Vitaigca acit ’ Require patient cooperation
exercises ifr:g)crgzz diaphragmatic reduced risk of atz lec tz’sis and regular practice
Prevention of secretion
Effective cough Facilitates airway clearance retention, reduced risk Postoperative pain may limit
training and secretion removal of pneumonia, improved effectiveness
airway patency
. Improved lung ventilation, Effectiveness depends on
Incentive x:;ﬁ;iefizzcﬁﬁgcsgtﬁf s increased inspiratory adherence and proper
spirometry and alveolar eE)( aniion capacity, reduced atelectasis technique; limited benefit
P risk when used alone

Positive . e Improved secretion

. Maintains positive airway AR . . .
expiratory ressure during expiration mobilization, enhanced Requires specific equipment
pressure (PEP) preventin airv%a }cjolla se, ventilation, reduced airway and patient training
therapy P & Y P resistance
Active Cycle Combines breathing control, o

: . . . Effective airway clearance, o .

of Breathing thoracic expansion exercises, improved ventilation Requires instruction and
Techniques and forced expiration P . o patient understanding
(ACBT) techniques reduced secretion retention
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Research indicates that regular deep breathing exer-
cises reduce the incidence of postoperative pulmonary
complications and shorten hospitalization. Particular-
ly beneficial effects are observed in patients who are
mobilized early after surgery and regularly perform
exercises under the supervision of medical personnel.
In clinical practice, these exercises are often combined
with other respiratory physiotherapy methods, such as
effective cough training, patient mobilization, or incen-
tive spirometry 2,

4.2. Effective Cough Training

Effective cough training is an essential element of
respiratory physiotherapy used after surgical proce-
dures. Its primary goal is to improve the clearance
of retained secretions from the airways and prevent
the development of pulmonary complications. After
surgical procedures, especially those involving the
thoracic and abdominal cavity, patients often avoid
coughing due to postoperative pain, weakened respi-
ratory muscles, and limited chest mobility. This leads
to secretions becoming trapped in the airways and in-
creases the risk of infection (Table 1) 2°27:281,

4.2.1. Airway Clearance

An effective cough enables the mechanical removal
of secretions, microorganisms, and debris from the
bronchi. A properly performed cough consists of a
deep inhalation, a short air retention, and a forceful
exhalation with the glottis partially closed. This me-
chanism increases airway pressure and creates a po-
werful airflow, which pushes secretions toward the
upper airways, facilitating expectoration 2>,

In the postoperative period, patients are instructed
on how to cough safely and less painfully. A technique
for stabilizing the surgical wound is often used, by sup-
porting the surgical site with hands or a special pillow
during coughing. This technique reduces pain and in-
creases the effectiveness of bronchial tree clearance. Re-
gular effective cough training improves airway patency
and supports proper lung ventilation 2327311,

4.2.2. Preventing Secretion Retention

One of the most important goals of effective cough tra-
ining is to prevent secretion retention in the airways.
After surgery, the cough reflex is often weakened and
the patient’s motor activity is reduced, which promo-
tes mucus accumulation in the bronchi. Retained se-
cretions can lead to occlusion of the small bronchi, the
development of atelectasis, and lower respiratory tract
infections, including postoperative pneumonia >3,

Regular cough exercises support the removal of se-
cretions and improve lung ventilation. Combined with
deep breathing exercises and early patient mobilization,
effective cough training significantly reduces the risk
of respiratory complications. Patient education before
surgery and in the early postoperative period is parti-
cularly important, as proper cough technique increases

the effectiveness of therapy and accelerates recovery
[2,5,6]

4.3. Incentive Spirometry

Incentive spirometry is a respiratory physiothera-
py method used to prevent postoperative pulmona-
ry complications. It involves the patient taking slow,
deep breaths using a special device — an incentive spi-
rometer. This technique aims to increase tidal volume,
improve lung ventilation, and prevent atelectasis and
secretion retention in the airways. Incentive spirome-
try is particularly common after abdominal and tho-
racic surgical procedures, where the risk of ventilation
disturbances is the highest (Table 1) 7],

4.3.1. Principles of Use

Proper use of incentive spirometry requires appropria-
te patient instruction and regular exercise training.
During therapy, the patient should assume a sitting or
semi-sitting position and then take a slow, deep in-
halation through the device’s mouthpiece, trying to
maintain the appropriate airflow. After reaching ma-
ximum inhalation, a brief air retention is recommen-
ded, which promotes better alveolar expansion. The
patient then exhales calmly 1233,

Exercises should be performed regularly, usual-
ly several times per hour in the postoperative period,
as recommended by the medical staff. An important
element of therapy is motivating the patient to syste-
matically perform the exercises and monitoring their
technique. Incentive spirometry is often combined with
other respiratory physiotherapy methods, such as deep
breathing exercises, effective cough training, and early
patient mobilization 27333,

4.3.2. Benefits and Limitations

The most important benefits of incentive spirometry
include improved lung aeration, increased vital capa-
city, and a reduced risk of postoperative atelectasis.
Regular exercise promotes alveolar recruitment, im-
proves gas exchange, and facilitates the clearance of
secretions from the airways. This method can also
shorten hospitalization and improve breathing com-
fort in patients after surgical procedures 257,
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Despite its numerous advantages, the effectiveness
of incentive spirometry depends largely on patient
compliance and proper exercise performance. Limita-
tions of this method include postoperative pain, patient
weakness, or a lack of motivation to exercise regular-
ly. Some studies also indicate that incentive spirome-
try alone may be insufficient in preventing pulmonary
complications if not used concurrently with other ele-
ments of pulmonary rehabilitation. Therefore, its use is
recommended as part of a comprehensive postoperati-
ve treatment plan [>>9333),

4.4. Positive Expiratory Pressure (PEP)
Exercises

Positive expiratory pressure (PEP) exercises are one
of the respiratory physiotherapy methods used in the
prevention and treatment of postoperative pulmonary
complications. This technique involves exhaling aga-
inst the resistance generated by a special device, which
creates positive airway pressure. PEP therapy is parti-
cularly useful in patients prone to secretion retention,
atelectasis, and ventilation disorders following surgi-
cal procedures (Table 1) (237,

4.4.1. Mechanism of Action

The mechanism of action of PEP therapy is based on
maintaining positive airway pressure during exhala-
tion. The pressure generated prevents premature clo-
sure of small bronchi and alveoli, helping to maintain
their patency and improving lung ventilation. This in-
creases tidal volume and improves aeration in areas of
the lungs at risk of collapse 2%,

Positive expiratory pressure also supports the mobi-
lization of retained secretions in the airways. Increased
airflow during exhalation facilitates the movement of
mucus from the peripheral bronchial tree to the larger
bronchi, from where it can be effectively expectorated.
PEP therapy may improve gas exchange and reduce
respiratory resistance, which positively impacts the pa-

tient’s breathing comfort in the postoperative period
[2,37,39]

4.4.2. Clinical Applications

Positive expiratory pressure exercises are widely used
in the care of post-surgical patients, especially after
thoracic, cardiac, and abdominal surgery. This me-
thod is particularly recommended for patients at in-
creased risk of pulmonary complications, such as the
elderly, smokers, and patients with chronic respirato-
ry conditions 4.

In clinical practice, PEP therapy can be performed
using various devices, including traditional PEP masks

or mouthpieces, as well as oscillation systems that ad-
ditionally generate vibrations that aid in the separation
of secretions from the bronchial walls. Exercises are ty-
pically performed in series under the supervision of a
physiotherapist or medical staff, and their effectiveness
is enhanced by the simultaneous use of other respirato-
ry rehabilitation methods, such as deep breathing exer-
cises, effective cough training, and early patient mobi-
lization 741,

Clinical studies suggest that PEP therapy may im-
prove ventilation parameters and may contribute to
reducing postoperative respiratory complications, par-
ticularly when used as part of multimodal respiratory
rehabilitation. However, the effectiveness of this me-
thod depends on appropriate patient selection, correct
exercise technique, and systematic therapy ..

4.5. Active Cycle of Breathing Technique
(ACBT)

Active Cycle of Breathing Techniques (ACBT) is a re-
spiratory physiotherapy method used to improve lung
ventilation and clear airways of retained secretions.
This method is widely used in patients after surgery,
especially when there is an increased risk of postope-
rative pulmonary complications. ACBT combines va-
rious breathing techniques into a structured cycle that
allows for effective secretion removal while reducing
excessive patient fatigue (Table 1) 41421,

4.5.1. Technique Components

ACBT consists of three basic components: breathing
control, exercises to increase tidal volume, and the
forced expiration technique.

The first stage is breathing control, which involves
calm, regular breathing using the diaphragm. The goal
of this stage is to reduce respiratory muscle tension,
reduce shortness of breath, and prepare the patient for
subsequent exercise stages [>4!].

The second stage involves exercises to increase ti-
dal volume, which involves taking several deep bre-
aths with brief air retention. This technique promotes
alveolar expansion, improves ventilation, and supports
the movement of secretions from the peripheral lungs
to the larger bronchi *l.

The third stage is the forced expiratory technique,
also known as ,,huffing”” It involves performing a vigo-
rous exhalation with an open glottis, which allows se-
cretions to be moved toward the upper airways without
excessive strain on the patient. If necessary, the cycle
can be completed with an effective cough to clear the
secretions +*1,
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The individual elements of ACBT are performed al-
ternately, allowing for gradual clearing of the bronchial

tree and improving the patients respiratory capacity
[2,41]

4.5.2. Indications for Use

Active cycle breathing techniques are primarily used
in patients with retained secretions in the airways and
ventilation disorders following surgical procedures
(541421 They are particularly common after thoracic,
cardiac, and abdominal procedures, where postopera-
tive pain and limited chest mobility hinder effective
breathing and coughing ®#?l. ACBT is also recom-
mended for patients with chronic respiratory diseases,
such as chronic obstructive pulmonary disease, cystic
fibrosis, or bronchiectasis, who are at increased risk
of secretion retention *!!. In the postoperative setting,
this technique helps prevent atelectasis, pneumonia,
and other complications related to mucus retention in
the airways 4,

Advantages of ACBT include the ability for patients
to independently perform exercises after prior instruc-
tion and the ability to tailor the intensity of therapy to
the patient’s condition “*, The technique’s effective-
ness increases when combined with other respiratory
rehabilitation methods, such as deep breathing exerci-
ses, effective cough training, or early postoperative mo-
bilization *°.

4.6. Patient Mobilization and Respiratory
Reeducation

Patient mobilization and respiratory reeducation are
important elements of postoperative management
aimed at preventing pulmonary complications >**,
Prolonged immobilization after surgery leads to im-
paired lung ventilation, weakened respiratory musc-
les, and an increased risk of secretion retention in the
airways 2%, Early initiation of physical activity and
learning the proper breathing pattern have a benefi-
cial effect on respiratory function and accelerate the
recovery process (Table 1) [21544],

4.6.1. Early Verticalization

Early verticalization involves mobilizing the patient as
quickly as possible after surgery, in accordance with
their clinical condition and the recommendations of
the therapeutic team >>*. This process involves a gra-
dual transition from a lying to a sitting position, then
verticalization, and initial attempts at walking >,
Modern postoperative care standards emphasize the

importance of mobilizing the patient as early as possi-
ble, often as early as the first 24 hours after surgery ..

Verticalization has a beneficial effect on respiratory
mechanics by increasing diaphragmatic mobility and
improving ventilation of the lower lungs. It also reduces
the risk of atelectasis by enabling better expansion of
the alveoli and improving the ventilation-to-perfusion
ratio *I. Early mobilization also supports the effective
removal of secretions from the respiratory tract and re-
duces the risk of pulmonary infections °..

An additional benefit of verticalization is improved
blood circulation and the prevention of complications
related to immobilization, such as venous thrombosis
and muscle weakness *!|. In clinical practice, vertica-
lization is often combined with breathing exercises and
patient education on proper breathing >,

4.6.2. The Importance of Physical Activity

Physical activity plays a significant role in preven-
ting postoperative pulmonary complications. Re-
gular exercise increases the frequency and depth of
breathing, which promotes better lung aeration and
improves gas exchange *#. Physical activity also
supports the function of respiratory muscles and fa-
cilitates the clearance of retained secretions from the
airways (237411,

Respiratory re-education involves learning the
correct breathing pattern, primarily diaphragmatic
breathing, which allows for more efficient use of lung
capacity %l These exercises help reduce the shallow
breathing pattern characteristic of the postoperative
period, most often resulting from pain and sparing the
surgical site »>*I, Proper breathing technique reduces
the use of accessory respiratory muscles and improves
patient comfort 24!,

Early mobilization and respiratory re-education are
now considered fundamental elements of comprehen-
sive postoperative rehabilitation >>*I, Their regular use
contributes to a reduction in the incidence of atelecta-
sis, pneumonia, and other respiratory complications,
and also contributes to a shorter hospital stay and a fa-
ster patient recovery °!.

5. Effectiveness of breathing techniques
in light of scientific research

Assessing the effectiveness of breathing techniques
used after surgical procedures is an important element
of current research on the prevention of postoperative
pulmonary complications »>*1. Numerous scientific
publications analyze the impact of respiratory phy-
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siotherapy on improving lung ventilation, reducing
the risk of atelectasis and pneumonia, and shortening
hospital stays in patients after surgical procedures
(2544 Methods such as deep breathing exercises, in-
centive spirometry, positive expiratory pressure (PEP)
techniques, active cycle of breathing (ACBT), and
early patient mobilization are particularly important
(225451 However, despite the overall positive findings
reported in the literature, the level of evidence sup-
porting individual interventions varies significantly.

5.1. Analysis of Clinical Studies

The effectiveness of breathing techniques used after
surgical procedures is the subject of numerous clinical
trials and scientific analyses >**I. Current reports in-
dicate that properly conducted respiratory physiothe-
rapy can significantly reduce the risk of postoperative
pulmonary complications, improve ventilation pa-
rameters, and accelerate patient recovery. The most
frequently evaluated methods include deep breathing
exercises, incentive spirometry, positive expiratory
pressure (PEP) techniques, active cycle of breathing
(ACBT), and early patient mobilization >>!°,

5.1.1. Results of randomized controlled trials

Randomized controlled trials indicate that regular use
of breathing techniques after surgery has a beneficial
effect on respiratory function and reduces the number
of pulmonary complications 1>*'*. Particularly good
results were observed in patients after abdominal and
thoracic surgery, who are at the highest risk of atelec-
tasis and pneumonia >,

Numerous studies have shown that deep breathing
exercises and incentive spirometry improve lung vi-
tal capacity, increase oxygen saturation, and support
alveolar recruitment >*>*1. Patients who practiced re-
gular breathing exercises required less frequent pro-
longed oxygen therapy and had shorter hospital stays
compared to control groups >>!%1,

However, interpretation of these findings requires
caution, as there is a lack of strong evidence suppor-
ting incentive spirometry as a standalone intervention.
Although it is widely implemented in clinical practice,
current literature suggests that its isolated use does not
consistently provide superior outcomes compared with
standard breathing exercises or general postoperative
care. This indicates that incentive spirometry should be
considered a supportive tool rather than an indepen-
dent preventive strategy.

Studies on PEP therapy and ACBT techniques con-
firm their effectiveness in clearing the airways and pre-
venting secretion retention *”*!l. A reduced incidence

of postoperative pneumonia and improved coughing
efficiency have been observed in patients undergoing
comprehensive pulmonary rehabilitation. Early patient
mobilization is also considered crucial, as it improves
lung ventilation and reduces the effects of prolonged
immobilization *>**. Despite numerous positive re-
sults, some studies indicate that the effectiveness of in-
dividual techniques may depend on the type of surgery,
the patient’s age, comorbidities, and the patient’s level of
involvement in the rehabilitation process >**). The im-
portance of individually tailoring a breathing exercise
program to the patient’s needs is also emphasized >4,

Importantly, airway clearance techniques such as
ACBT and PEP appear to be more effective in secretion
removal than incentive spirometry alone, particularly
in patients with increased mucus production or impa-
ired cough function. Their direct influence on mucus
mobilization and airway patency addresses one of the
key mechanisms of postoperative complications more
effectively than inspiratory training alone.

Despite numerous positive results, outcomes across
studies remain inconsistent due to heterogeneity of
rehabilitation protocols, including differences in exer-
cise frequency, duration, supervision, and patient edu-
cation. This variability reduces the reliability of direct
comparisons between studies and contributes to diver-
gent conclusions regarding the effectiveness of indivi-
dual techniques. Moreover, patient-related factors such
as age, comorbidities, type of surgery, and level of adhe-
rence further influence outcomes.

5.1.2. Meta-analyses and systematic reviews

Meta-analyses and systematic reviews constitute a si-
gnificant source of knowledge regarding the effective-
ness of breathing techniques in the prevention of po-
stoperative pulmonary complications. The results of
many studies confirm that comprehensive respiratory
physiotherapy reduces the risk of developing atelecta-
sis, pneumonia, and respiratory failure after surgical
procedures 251544,

Particularly beneficial effects are achieved when
combining various therapeutic methods, such as deep
breathing exercises, effective cough training, incentive
spirometry, and early patient mobilization >**!l. The
authors of the reviews emphasize that multimodal re-
habilitation strategies are more effective than single in-
terventions, highlighting the importance of addressing
multiple physiological mechanisms simultaneously
[2,5,45]

However, some meta-analyses indicate limited ef-
fectiveness of incentive spirometry alone, when used
without additional forms of rehabilitation 2>%1, At-
tention is drawn to the need for appropriate patient in-

DOI: 10.12775/JEHS.2026.95.73502


https://doi.org/10.12775/JEHS.2026.95.73502

J

EHS

The importance of breathing techniques in preventing pulmonary

struction and systematic exercise performance, as the
lack of patient cooperation significantly reduces the ef-
fects of therapy 2444,

Current clinical recommendations emphasize the
importance of a multifaceted approach to the preven-
tion of pulmonary complications after surgical pro-
cedures. Respiratory physicians, combined with early
patient activation and appropriate pain management, is
considered a fundamental element of effective postope-
rative care [>>%,

Although most studies report beneficial effects of
respiratory physiotherapy, considerable heterogeneity
exists regarding intervention protocols, outcome me-
asures, and patient populations. Therefore, direct com-
parison between studies remains difficult and may par-
tly explain inconsistencies in the reported effectiveness
of individual techniques.

5.2. Comparison of the Effectiveness of
Individual Methods

Current research indicates that the effectiveness of
breathing techniques used after surgical procedures

may vary depending on the type of method used, the
nature of the surgical procedure, and the patient’s cli-
nical condition *>". In postoperative practice, the
most common comparisons are the effectiveness of
incentive spirometry, breathing exercises, and com-
prehensive respiratory physiotherapy encompassing
several therapeutic methods simultaneously >>*!. The
aim of these analyses is to determine which procedure
most effectively reduces the risk of postoperative pul-
monary complications and improves patients’ respira-
tory function (Table 2) 2544,

5.2.1. Incentive Spirometry vs. Breathing Exercises

Incentive spirometry and traditional breathing exerci-
ses are among the most commonly used methods for
the prevention of postoperative pulmonary compli-
cations. Both techniques aim to improve lung venti-
lation, increase tidal volume, and prevent atelectasis,
but they differ in their method of execution and the-
rapeutic impact 27,

Clinical studies indicate that deep breathing exerci-
ses effectively improve chest wall mobility and activate
the diaphragm, which promotes better alveolar expan-

Table 2. Hierarchical ranking of respiratory physiotherapy methods used in the prevention of postoperative
pulmonary complications based on clinical effectiveness and strength of available evidence

Clinical

Level .of Method Prlmz}ry mechanism effectiveness Stl:ength of
effectiveness of action evidence
(summary)
Combined effect:
lung recruitment, Most effective . .
. . High (consistent
Multimodal secretion clearance, strategy; reduces evidence from
1 (highest) physiotherapy + improved ventilation- overall PPC risk; reviews and
early mobilization perfusion, prevention superior to single A
- L . - guidelines)
of immobilization interventions
effects
Airway clearance e . .
techniques: Active Mobilization and Highly effective Moderate to high

4 (lowest)

Cycle of Breathing
Technique (ACBT),
Positive Expiratory
Pressure therapy
(PEP)

Deep breathing
exercises /
respiratory re-
education

Incentive Spirometry

removal of airway

secretions; prevention

of airway collapse;
improvement of
mucus clearance

Alveolar recruitment,

increased tidal
volume, improved
diaphragmatic
function

Visual feedback-
guided deep
inspiration and lung
expansion

in patients with
secretion retention;
reduces risk of
atelectasis and
pneumonia

Effective in
improving

lung aeration

and preventing
atelectasis; limited
effect on secretion
clearance

Limited and
inconsistent
evidence as

a standalone
intervention

(strong mechanistic
and clinical support,
but heterogeneous
protocols)

Moderate
(consistent but not
superior alone vs
multimodal care)

Low to moderate
(heterogeneous and
inconclusive results)
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sion 2. This technique is simple, requires no speciali-
zed equipment, and can be performed by virtually any
patient after appropriate instruction. Numerous studies
have shown that regular practice of breathing exercises
leads to improved ventilation parameters and a reduced
risk of developing atelectasis and pneumonia ..

Incentive spirometry, on the other hand, involves
taking controlled deep breaths using a special device
that allows for a visual assessment of the exercise’s ef-
fectiveness. Proponents of this method emphasize its
motivating nature and the ability to monitor the pa-
tient’s progress. Some studies indicate that incentive
spirometry improves vital lung capacity and promotes
alveolar recruitment .. However, some scientific analy-
ses have not demonstrated a significant advantage of
this method over traditional breathing exercises perfor-
med without a device #***), The literature emphasizes
that the effectiveness of incentive spirometry depends
primarily on the consistency of exercises and proper
patient instruction. If patient compliance is insufficient,
the effects of therapy may be limited. This is consistent
with findings suggesting limited additional benefit of IS
when used in isolation, reinforcing the need for multi-
modal rehabilitation strategies >°1.

5.2.2. The Impact of Comprehensive Physiotherapy

A growing number of studies indicate that compre-
hensive respiratory physiotherapy, encompassing the
simultaneous use of various therapeutic methods,
achieves the greatest effectiveness in preventing po-
stoperative pulmonary complications. Rehabilitation
programs most often combine deep breathing exer-
cises, effective cough training, incentive spirometry,
PEP techniques, ACBT, and early patient mobilization
[25]

Comprehensive treatment addresses multiple me-
chanisms responsible for the development of pulmo-
nary complications . Breathing exercises improve
lung ventilation and increase breathing capacity, airway
clearance techniques facilitate secretion removal, and
early upright positioning supports diaphragm function
and reduces the effects of immobilization . Combi-
ning various methods can achieve better therapeutic
results than using a single technique. Clinical studies
show that patients receiving comprehensive respiratory
physiotherapy are less likely to develop atelectasis and
pneumonia and recover more quickly after surgery >°.
Shorter hospital stays and a reduced need for prolon-
ged oxygen therapy have also been observed . These
beneficial effects are particularly evident in high-risk
patients, such as the elderly, smokers, and patients with
chronic respiratory diseases ..

Current clinical recommendations emphasize that
effective prevention of postoperative pulmonary com-
plications should be based on an individually tailored
and multifaceted rehabilitation program. Patient edu-
cation, appropriate pain management, and close col-
laboration with the therapeutic team are also crucial.
This can increase the effectiveness of therapy and im-
prove patient safety in the postoperative period *°.

5.3. Limitations of Available Research

Despite numerous studies confirming the beneficial
effects of breathing techniques on the prevention of
postoperative pulmonary complications, the available
scientific literature has many limitations that hinder a
clear assessment of the effectiveness of individual me-
thods. These problems primarily concern small study
groups, significant heterogeneity in the therapeutic
techniques used, and methodological differences be-
tween individual studies. These factors make it difhi-
cult to compare results and limit the ability to formu-
late universal clinical recommendations °!.

One of the most frequently highlighted limitations
of respiratory physiotherapy studies is the small sample
size. Many analyses involve relatively small numbers of
patients, which reduces the statistical power of the ob-
tained results and makes it difficult to demonstrate si-
gnificant differences between the therapeutic methods
studied.

Small patient groups also limit the ability to genera-
lize the results to a broader population of postoperative
patients. This is particularly true for patients with va-
rious comorbidities, the elderly, and patients undergo-
ing different types of surgery. As a result, the effective-
ness of specific breathing techniques may be difficult to
clearly assess in different clinical groups. An additional
problem is the frequent lack of long-term patient follo-
w-up. Many studies focus solely on the early postope-
rative period, making it difficult to assess the lasting
effects of pulmonary rehabilitation and its impact on
subsequent respiratory function [1>>4l,

Another significant limitation of the studies is the
significant heterogeneity of the therapeutic methods
used. Individual studies differ in the type of breathing
techniques used, the frequency of exercises, the dura-
tion of therapy, and the rehabilitation approach. Some
analyses evaluate single methods, while others employ
comprehensive rehabilitation programs encompassing
several techniques simultaneously.

Differences also apply to the characteristics of the
patient groups studied. The studies include patients
who underwent various types of surgery, such as car-
diac, thoracic, or abdominal surgery. Each of these gro-
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ups is characterized by a different risk of pulmonary
complications and a different response to pulmonary
rehabilitation. This hinders direct comparison of results
and assessment of the effectiveness of specific therapeu-
tic methods.

Heterogeneity of studies also applies to the criteria
for assessing the effects of therapy. Different publica-
tions analyze different parameters, such as the inciden-
ce of atelectasis, oxygen saturation levels, length of ho-
spitalization, and spirometry test results. The lack of
uniform assessment standards hinders accurate com-
parative analyses and the development of consistent
clinical recommendations 1>,

The scientific literature also highlights numerous
methodological issues in studies on breathing tech-
niques. One of these is the difficulty of conducting do-
uble-blind studies, which stems from the specific natu-
re of respiratory physiotherapy. Patients and therapists
typically know which method is being used, which can
influence subjective assessments of therapy effective-
ness.

A lack of standardization of treatment procedures
is also a common problem. Differences in physiothe-
rapists’ experience, patient instruction, and patient en-
gagement can influence the final study results. The ef-
fectiveness of breathing techniques depends largely on
proper exercise performance and regularity of therapy.

Some studies are also limited by the lack of ap-
propriate control groups or insufficient randomization
of participants. This can lead to the risk of bias and hin-
der objective assessment of the effectiveness of the stu-
died methods. Furthermore, some analyses are based
on short follow-up periods, which prevents assessment
of the long-term benefits of pulmonary rehabilitation.

Despite these limitations, most available studies in-
dicate a beneficial effect of respiratory techniques in the
prevention of postoperative pulmonary complications.
However, further multi-center studies conducted ac-
cording to uniform methodological standards are ne-
cessary to more precisely determine the effectiveness of
individual methods and develop optimal postoperative
rehabilitation models >°.

6. The Role of Medical Staff in the Preven-
tion of PPC

Postoperative pulmonary complications (PPC) con-
stitute a significant clinical problem, affecting the
course of treatment, length of hospitalization, and
prognosis for patients after surgical procedures .
Effective prevention of these complications requires
the involvement of the entire therapeutic team, inc-

luding physicians, nurses, and physiotherapists 2.
Physiotherapists play a particularly important role in
assessing the patient’s respiratory function, planning
rehabilitation, and teaching techniques to support
proper lung ventilation **”). Proper collaboration be-
tween medical staff and the patient reduces the risk of
pulmonary complications and accelerates the recove-

ry process 347,

6.1. Physiotherapist Responsibilities

Physiotherapists play a key role in the prevention of
postoperative pulmonary complications, both pre-
operatively and postoperatively >#.. Their primary re-
sponsibilities include assessing the patient’s functional
status, identifying risk factors for pulmonary compli-
cations, and developing an individualized pulmonary
rehabilitation program.

Physiotherapists also monitor therapy progress,
modifying methods based on the patient’s needs, and
collaborating with other members of the therapeutic
team (7],

The modern approach to postoperative rehabilita-
tion assumes the patient’s active participation in the
treatment process. Therefore, a key element of a phy-
siotherapist’s work is not only providing exercises but
also educating the patient and building their motiva-
tion to regularly perform the recommended preventive
measures 4],

Patient education is one of the most important ele-
ments of PPC prevention *°. It should begin preope-
ratively, when the patient has the opportunity to fa-
miliarize themselves with the principles of pulmonary
rehabilitation and learn basic exercises 7. Research
indicates that individuals who are properly prepared
for surgery cooperate better with medical staft and are
more willing to participate in the postoperative rehabi-
litation process 71,

As part of the education, the physiotherapist provi-
des information on the importance of breathing exer-
cises, effective coughing techniques, and the need for
early mobilization after surgery *°. The patient is in-
structed on how to properly take deep breaths, use an
incentive spirometer, and protect the postoperative wo-
und when coughing. An important aspect of education
also includes explaining the consequences of physical
inactivity and failure to follow rehabilitation recom-
mendations >47.

Appropriate education increases the patient’s health
awareness and improves their engagement in the treat-
ment process. This allows for better therapeutic outco-

mes and reduces the risk of respiratory complications
[2:47]
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Another important task of the physiotherapist is se-
lecting appropriate therapeutic techniques tailored to
the patient’s individual needs >*”\. This process requires
consideration of many factors, such as the type of sur-
gery performed, the patient’s age, respiratory function,
postoperative pain level, and the presence of comorbi-
dities >°1.

For patients at risk of atelectasis, deep breathing
exercises and incentive spirometry, which aim to im-
prove lung aeration, may be particularly important .
For patients prone to secretion retention, a physiothe-
rapist may use effective cough techniques, ACBT, or
exercises using positive expiratory pressure (PEP) 127,
Early upright standing and gradual increase in the pa-
tient’s physical activity are also important elements of
therapy.

The selection of therapeutic methods should be re-
gularly reviewed and modified depending on rehabi-
litation progress. Individualized treatment maximizes
treatment effects and increases patient safety. Collabo-
ration between physiotherapists, physicians, and nurses
enables a comprehensive approach to PPC prevention
and is a key element of modern postoperative care >,

6.2. Collaboration within the Therapeutic
Team

Effective prevention of postoperative pulmonary
complications requires close cooperation among all
members of the therapeutic team °). Comprehensive
management includes the physician, nurse, and phy-
siotherapist, who are jointly responsible for preparing
the patient for surgery, monitoring their condition
after surgery, and implementing appropriate preven-
tive measures >¥7). Interdisciplinary collaboration al-
lows for the rapid identification of risk factors, proper
treatment planning, and increased effectiveness of re-
habilitation 7],

The physician is responsible for assessing the pa-
tient’s overall health, qualifying them for surgery, and
identifying factors that increase the risk of postopera-
tive pulmonary complications. Based on the interview,
physical examination, and diagnostic test results, the
physician determines the level of surgical risk and ma-
kes decisions regarding perioperative management.

During the postoperative period, the physician mo-
nitors the patient’s condition, monitors the course of
treatment, and prescribes appropriate preventive and
rehabilitation measures. Effective postoperative pain
management also plays a significant role, as pain relief
allows the patient to perform breathing exercises, co-
ugh effectively, and mobilize early >,

The nurse plays an important role in the daily care
of patients after surgery. Their responsibilities include
monitoring vital signs, observing the patient’s respira-
tory status, and early recognition of symptoms that may
indicate developing pulmonary complications.

A crucial element of the nurse’s work is supporting
the patient in performing prescribed breathing exer-
cises and encouraging physical activity. The nurse re-
minds the patient to perform exercises regularly, helps
them adopt appropriate positions to facilitate breathing,
and supports the process of standing upright. Through
constant contact with the patient, they can also assess
their level of commitment to rehabilitation and report

any difficulties to other members of the treatment team
[2,47]

A physiotherapist is responsible for planning, con-
ducting, and monitoring pulmonary rehabilitation. Ba-
sed on a functional assessment, they select appropriate
therapeutic techniques, taking into account the pa-
tient’s clinical condition and the type of surgical proce-
dure performed.

The physiotherapist’s main responsibilities include
teaching breathing exercises, effective cough training,
conducting therapy using incentive spirometry, PEP
techniques, or ACBT, and implementing an early mo-
bilization program. The physiotherapist monitors the
effectiveness of the methods used, assesses the patient’s
progress, and modifies the treatment plan as needed.
Their actions aim to improve lung ventilation, prevent
secretion retention, and reduce the risk of postoperati-
ve pulmonary complications >,

6.3. Patient Education

Proper preparation of the patient for the procedure
and providing knowledge about pulmonary rehabi-
litation increase the effectiveness of preventive me-
asures and improve patient cooperation with medical
staff. Awareness of the purpose of the exercises and
knowledge of postoperative management contribute
to greater patient engagement in the treatment pro-
cess [2547],

Preoperative preparation includes providing the pa-
tient with information regarding the rehabilitation pro-
cess and the importance of preventive measures after
surgery °l. During this period, the patient should be
familiarized with the risk of pulmonary complications
and the benefits of breathing exercises and early mobi-
lization.

For patients in high-risk groups, it is recommended
to begin breathing training before the procedure 1434,
This allows for mastering proper exercise technique and
increases the patient’s willingness to actively participate

DOI: 10.12775/JEHS.2026.95.73502

13


https://doi.org/10.12775/JEHS.2026.95.73502

JEHS

The importance of breathing techniques in preventing pulmonary

in postoperative rehabilitation. Preoperative education
also reduces anxiety associated with the procedure and
improves the patient’s sense of security.

A key element of education is detailed instruction
on performing breathing exercises. The patient should
learn proper diaphragmatic breathing, deep inhalation,
effective coughing, and the use of an incentive spirome-
ter, if included in the treatment plan.

Instruction should include both theoretical and
practical components *”.. Demonstration of exercises
by a physiotherapist and the opportunity to perform
them independently under specialist supervision allow
for the correction of any errors and increase the effecti-
veness of subsequent therapy >l Patients should also
receive information regarding the frequency of exerci-
se and the importance of consistency in the rehabili-
tation process 7). Properly conducted education and
instruction increase the effectiveness of postoperative
pulmonary complication prevention, improve patient
cooperation with medical staff, and contribute to a fa-
ster return to full function after surgery >,

7. Discussion

The literature review indicates that postoperative pul-
monary complications remain one of the most signi-
ficant clinical problems occurring after surgical pro-
cedures. Their presence is associated with increased
patient morbidity and mortality, prolonged hospitali-
zation, and increased treatment costs. The results of
available research confirm that appropriate respirato-
ry prophylaxis can significantly reduce the risk of the-
se complications and contribute to improved surgical
outcomes.

7.1. Interpretation of Research Results

The analysis of clinical trials, meta-analyses, and sys-
tematic reviews demonstrated that respiratory tech-
niques are an effective tool for preventing postopera-
tive pulmonary complications. Particularly beneficial
effects were observed in reducing the incidence of ate-
lectasis, improving ventilation parameters, and redu-
cing the risk of postoperative pneumonia >,

The study results indicate that deep breathing exer-
cises effectively increase tidal volume and improve lung
aeration 1>°). Effective cough training is also considered
important, as it supports airway clearance and reduces
secretion retention 2. Beneficial effects have also been
demonstrated with techniques utilizing positive expira-
tory pressure (PEP) and active cycle breathing (ACBT),

particularly in patients at risk of bronchial secretion re-
tention 'L

However, an analysis of the available literature indi-
cates that the effectiveness of individual methods may
vary. In the case of incentive spirometry, research results
are inconsistent. Some authors emphasize its beneficial
effect on improving lung ventilation, while other stu-
dies have not demonstrated a significant advantage of
this method over traditional breathing exercises. This
may be due to methodological differences between stu-
dies and the degree of patient engagement in the reha-
bilitation process 1*2..

7.2. The Importance of Respiratory
Prophylaxis in Clinical Practice

Respiratory prophylaxis currently plays a significant
role in modern perioperative care. Its importance
stems primarily from its potential to reduce the in-
cidence of postoperative pulmonary complications
and improve the safety of patients undergoing surgical
procedures 4],

Regular practice of breathing exercises contributes
to improved lung ventilation, increased respiratory
capacity, and the maintenance of normal respiratory
muscle function »*!. Techniques that support airway
clearance reduce the risk of secretion retention and in-
fection, while early mobilization reduces the negative
effects of postoperative immobilization .

The importance of respiratory prevention is parti-
cularly significant in patients belonging to high-risk
groups, such as the elderly, patients with chronic obs-
tructive pulmonary disease, obese patients, and smo-
kers 4. In these groups, properly conducted pulmo-
nary rehabilitation can significantly reduce the number
of complications and improve recovery [+,

Patient education is also a crucial element of effec-
tive prevention. Awareness of the importance of bre-
athing exercises and the patient’s active participation in
the rehabilitation process increase the effectiveness of
therapeutic interventions and contribute to improved
treatment outcomes 1>47),

7.3. Possibilities of Implementing
Postoperative Physiotherapy Standards

The results of the analyzed studies indicate the merits
of implementing uniform respiratory physiotherapy
standards in postoperative care %", Standardization
of procedures could improve the quality of patient
care and reduce variations in rehabilitation methods
used between centers ©.

Implementation of these standards should include
assessing the risk of postoperative pulmonary compli-
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cations before surgery, patient education, early initia-
tion of breathing exercises, and systematic mobilization
of the patient after surgery **”). It is also important to
ensure collaboration between physicians, nurses, and
physiotherapists, as only an interdisciplinary approach
allows for optimal therapeutic outcomes.

In clinical practice, individualization of rehabili-
tation is particularly important. The physiotherapy
program should be tailored to the type of surgery, the
patient’s age, respiratory function, and the presence of
comorbidities >*. This approach increases the effecti-
veness of therapy and allows for a better response to the
needs of individual patients 7],

7.4. Directions for Further Research

Despite the growing number of publications on the
prevention of postoperative pulmonary complica-
tions, further research is still needed. In particular,
multi-center randomized trials involving larger pa-
tient groups are necessary to more clearly assess the
effectiveness of individual breathing techniques 3.

Future research should focus on comparing compre-
hensive rehabilitation programs and determining the
optimal frequency, duration, and intensity of breathing
exercises [, Another important area of research is
assessing the effectiveness of modern technologies sup-
porting rehabilitation, such as mobile applications, te-
lemedicine systems, and electronic devices monitoring
exercise performance [+,

It is also worthwhile to conduct research on the
effectiveness of individual methods in specific patient
groups, including the elderly, patients with chronic re-
spiratory diseases, and patients undergoing various ty-
pes of surgical procedures 7. This will allow for the
development of more precise clinical recommenda-
tions and further improvement of postoperative reha-
bilitation standards ©°!.

In summary, an analysis of the current literatu-
re indicates that breathing techniques are an effective
element in the prevention of postoperative pulmonary
complications. The greatest benefits come from a com-
prehensive approach that includes breathing exercises,
airway clearance techniques, and early patient mobili-
zation %), Implementing these methods into daily cli-
nical practice can improve surgical outcomes, shorten
hospital stays, and increase patient safety (541,

The most effective strategy for preventing postope-
rative pulmonary complications is a multimodal ap-
proach combining early mobilization with respiratory
physiotherapy techniques. Airway clearance methods
such as ACBT and PEP appear more effective than in-
centive spirometry in patients with secretion retention,

whereas incentive spirometry alone shows limited and
inconsistent evidence of clinical benefit.

8. Conclusions

Current evidence suggests that respiratory physiothe-
rapy is an effective component of perioperative care
and may reduce the incidence of postoperative pul-
monary complications, particularly when delivered as
part of a comprehensive rehabilitation program. The
use of breathing techniques after surgical procedures
improves lung ventilation, facilitates the removal of
secretions from the respiratory tract, and reduces the
risk of complications such as atelectasis and pneumo-
nia.

Comprehensive rehabilitation programs combining
breathing exercises with early patient mobilization are
most effective. This approach promotes faster recovery
of respiratory function, improves functional capacity,
and may shorten hospitalization. Patient education be-
fore a planned surgical procedure is also a crucial ele-
ment of effective therapy. Appropriate patient prepara-
tion increases patient engagement in the rehabilitation
process and improves the effectiveness of exercises. The
results of the analyzed studies confirm that respiratory
physiotherapy should be an integral element of perio-
perative care, particularly in patients at increased risk
of pulmonary complications. At the same time, it is im-
portant to emphasize the need for further research of
high methodological quality, which will allow for the
development of uniform standards of practice and a
more precise determination of the effectiveness of in-
dividual respiratory physiotherapy methods in various
patient groups.
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