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Abstract

Post-traumatic pneumonia (PTP) is a very common and severe complication of thoracic trauma. It is a significant risk factor for morbidity,
mortality, hospital length of stay, admission to intensive care unit (ICU) and healthcare costs. Several preventive measures have been
implemented to reduce the incidence of PTP, such as early mobilization, chest physiotherapy, incentive spirometry, pain management, oxygen
therapy, pulmonary hygiene, infection control and multidisciplinary care of the patient. This article contains a critical assessment of the
effectiveness of such preventive interventions from the evidence presented in the thesis. The results have confirmed that preventive protocols
are very effective, if they are applied in a regular and systematic way and are carried out by a multidisciplinary team. The use of early
assessment, ongoing respiratory monitoring and standardized clinical guidelines, along with effective collaboration between healthcare
professionals, can greatly decrease the prevalence of pneumonia and enhance patient outcomes.
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1. Introduction

Thoracic trauma continues to be one of the most important causes of morbidity and mortality in trauma patients globally and
public health problems. Road traffic accidents, falls, occupational injuries, sports injuries and penetrating trauma often damage
the chest leading to an impairment of respiratory function and the risk of life-threatening complications to the lungs (Mohamed
Adam et al., 2025; Nevzghoda et al., 2024; Oribjonov, 2026). Post-traumatic pneumonia (PTP) is one of the most clinically
important complications resulting from trauma and is linked with a longer hospital stay, greater intensive care unit (ICU)
admission, higher healthcare costs, and mortality. Although trauma management and critical care have progressed significantly
over the years, post traumatic pneumonia remains a significant burden on the health care system and impacts patient’s recovery
following thoracic trauma (Mohamed Adam et al., 2025; Lodhia et al., 2023; Hofman et al., 2020).

Pathogenesis of post-traumatic pneumonia is complex and attributed to various factors including severity of injury, compromised
pulmonary mechanics, host immune response and hospital related factors (Howroyd et al., 2026; Vasse et al., 2023; Dogrul et al.,
2020; El-Faramawy et al., 2020). Features of decreased lung expansion, poor cough, poor mucociliary clearance and secretion
retention occur in patients with rib fracture, pulmonary contusion, pneumothorax, hemothorax and flail chest. Such changes
lead to physiological changes that promote bacterial invasion and infection of the lungs (Coccolini et al., 2025; Dote et al., 2020;
Cakmak et al., 2022). In addition, patients who have experienced thoracic trauma are more likely to develop pneumonia if they
are immobilized for long periods of time, mechanically ventilated, elderly, have a chronic respiratory disease, a smoking history,
diabetes mellitus, or weakened immunity (Freeman et al, 2022; Mohamed Adam et al., 2025; Caputo et al, 2024). Thus, early
recognition of high-risk patients is still a critical factor in evidence-based trauma care.

Healthcare institutions have developed several protocols to reduce occurrence of PTP including early respiratory
assessment, pain management, pulmonary hygiene, chest physiotherapy, incentive spirometry, oxygen therapy, prevention of
aspiration, infection control and early mobilization (Kumar et al., 2020; Elnahla et al., 2021; Wu et al., 2024). The purpose of
these interventions is to maintain lung function, facilitate drainage of secretions, minimize pulmonary complications and
promote recovery (van Aswegen, 2020; Lorenzo et al., 2026). But, the implementation of successful measures requires not only
the availability of preventive measures, but also timely clinical decision making, appropriate resources in the institution,
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standard clinical guidelines, and good multi-professional teamwork between doctors, nurses, respiratory
physiotherapists (Aswegen et al., 2020; EI-Senousy et al., 2020; Robba et al., 2020):

These preventive measures are commonly used in most trauma centers, but there is significant variation in their-
application in health care delivery systems. Variations in clinical knowledge, staffing, resource availability; institutional policies
and implementation of evidence-based guidelines could affect the success of pneumonia prevention programs (Ahmed et al.,
2024; Jain & Waseem, 2026). Furthermore, the use of general infection prevention measures continues to be the norm in many
healthcare settings and may be less effective when applied to patients with thoracic injuries, since there are no specific protocols
for prevention (Jain & Waseem, 2025; De Moya et al., 2022; Muchnok et al., 2022).Also, many health care providers do not have
trauma-specific infection prevention protocols, so generalized infection prevention measures may be less effective for patients
with thoracic injuries (Yatera & Yamasaki, 2025; Al Tannir et al., 2024; Bradley et al., 2020). The gaps in current practice indicate
the need for a systematic review of current preventive practice, and contribution to enhancing patient outcomes.

There is a wide-ranging body of literature regarding individual preventive interventions like early mobilization, chest
physiotherapy and ventilator care bundles. Yet, there is relatively few evidence that is comprehensive and integrates a
multidisciplinary approach to prevent all these preventive measures in thoracic trauma patients (Hemati et al., 2024; Jo, 2022;
Shi et al., 2024). In addition, very little effort has been spent on comprehending the impact of various types of chest trauma on
the development of pneumonia and the attitudes of health care workers regarding the effectiveness of the current pneumonia
preventive strategies (Taran & Stevens, 2023; Réa-Neto et al., 2023; Chen et al., 2021). These gaps in knowledge can constrain
the ability to develop evidence-based, standardized recommendations in various healthcare settings for preventing post-
traumatic pneumonia (Ramsuchit et al., 2026; Lagazzi et al., 2024; Vasquez et al., 2020).

Hence, this study assessed the efficacy of the preventive measures taken to prevent post traumatic pneumonia in
patients having thoracic trauma (Schieren et al.,, 2020; Beeton et al., 2023). In particular, the study highlights primary
physiological and clinical risk factors for the development of pneumonia, explores the role of timely intervention and early
detection, reviews existing prevention measures and explores the impact of various chest trauma on the risk of pneumonia
(Deloney et al., 2021; Prins et al., 2021; Coccolini et al., 2024). This research is designed to support evidence-based clinical
practice, assist in multidisciplinary decision-making and help develop uniform guidelines for prevention that enhance patient
outcomes and minimize respiratory morbidity after thoracic trauma by delivering empirical evidence from healthcare
professionals on the ground working with trauma patients (Mahmood et al., 2020; Rossaint et al., 2023; Gour-Provencal et al.,
2021).

2. Literature Review

2.1 Post-Traumatic Pneumonia

One of the most frequent respiratory post-thoracic trauma complications is post-traumatic pneumonia (PTP) and remains a
significant challenge in trauma care. It occurs after injuries which impair the normal pulmonary function such as rib fracture,
pneumothorax, hemothorax, and flail chest (Zhao et al., 2025; Kithinji et al., 2022; Carcamo Arévalo et al., 2026). Such injuries
result in decreased lung expansion, ineffective coughing and leading to a tendency to retain respiratory secretions, which leads
to favorable conditions for the growth of bacteria and pulmonary infection (Oribjonova, 2026; Werle et al., 2026; Magaldi et al.,
2026). Patients with PTP are invariably found to be hospitalized for longer, intensive care unit (ICU) admitted, more expensive to
treat, not as functional as other patients and dying at a higher rate. Therefore, prevention is now a key goal of trauma care, as
well as treating infection once it occurs (Kilinc et al., 2026; Han et al., 2026; Temurovna, 2026; Sumaarsana et al., 2026). Despite
advances in emergency medicine, surgical treatment and critical care, severely injured patients continue to have a high incidence
of respiratory complications. The evidence available to date suggests that trauma causes physiological changes that compromise
the pulmonary defenses, and that early in the hospital stay patients are especially susceptible to this (Matias & Abreu, 2026;
Pillai et al., 2026; Lytvynenko et al., 2026). Thus, knowledge of the mechanisms underlying the development of pneumonia is an
important basis for designing effective pneumonia prevention strategies.

2.2 Pathophysiology of Post-Traumatic Pneumonia

After a chest injury, there are several physiological mechanisms which act together to create a process of post-traumatic
pneumonia. Trauma causes injury to pulmonary tissues and impacts normal respiratory mechanics which leads to decreased
ventilation, impaired mucociliary clearance, mucus retention and decreased oxygen exchange (Enright et al., 2026; Ruiz et al.,
2026; Rezaei et al., 2026). Pulmonary confusion leads to alveolar oedema and inflammatory response which disrupts normal gas
exchange, and rib fractures mean that chest wall movement is restricted due to the high levels of pain at the fracture site
(Sobrinho & da Costa, 2026; Kurt et al., 2026). These modifications in all combine to make the patient less capable of coughing
effectively and lead to the build-up of microorganisms in the lower respiratory tract. Another risk of mechanical ventilation is
that it bypasses the natural defense mechanisms of the airways, increasing the risk of pneumonia. ETTs allow bacteria to enter
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the lower respiratory tract and raise the risk of ventilator-associated pneumenia (VAP) especially in the critica
who may need to be supported on a ventilator for more than two days (Bayraktar.et al., 2026; Chen et al., 2026; Pati
2026). During intensive care, medications are often given to help the patient's body relax and.this also reduces the cough reflex=
and further impairs clearance of secretions, which creates conditions ideal for bacteria‘to grow. A second, and additional, factor
is that the body's immune system may be temporarily weakened after trauma, making it less able to fight off the invasion of any
foreign pathogens (Alharran et al., 2026; Djanie et al., 2026). The relationship of these mechanisms is responsible for the fact
that even with the improvements in trauma care, post-traumatic pneumonia is still difficult to prevent.

2.3 Clinical Risk Factors Associated with Post-Traumatic Pneumonia

There are many physiological and clinical features that can affect the risk of post-traumatic pneumonia. One of the most
important predictors is the degree of injury severity (patients with multiple rib fractures, pulmonary contusions, pneumothorax,
hemothorax or 'flail chest' have significantly increased risk due to the decreased ability to ventilate and function and protect
their airway). Poorly controlled pain reduces deep breathing and coughing and allows the retention of secretions which leads to
infection (Portaccio et al., 2026; Mohamed Adam et al., 2025; Nevzghoda et al., 2024). Other factors associated with the patient
play a major role in susceptibility to pneumonia. The following factors have been found to be important predisposing factors:
advanced age, smoking history, chronic respiratory diseases, diabetes mellitus, malnutrition, reduced consciousness, aspiration
risk, and prolonged immobilization (Zhang et al., 2024; Oribjonov, 2026; Lodhia, 2023). In addition, the hospital-acquired
pathogens that are encountered by critically injured patients who are on mechanical ventilation for prolonged periods will
increase the incidence of ventilator-associated pneumonia (Hofman et al., 2020; Howroyd et al., 2026). These factors must be
recognised so that interventions to prevent clinical deterioration can be started at the appropriate time and in suitable patients
(Vasse et al., 2023; Dogrul et al., 2020; El-Faramawy et al., 2020).

2.4 Preventive Protocols in Thoracic Trauma Care

Many preventive measures have been taken by healthcare organizations so that the occurrence of PTP among patients with
thoracic trauma can be diminished. Such guidelines focus on thorough respiratory evaluation on admission to hospital, ongoing
monitoring of oxygen saturations, assessment of pain, pulmonary hygiene, early mobilization, preventing infection and
aspiration, managing patient care in a multi-disciplinary way (Coccolini et al., 2025; Dote et al., 2020; Cakmak et al., 2022).
Instead of relying on a single intervention, much evidence-based practices should be coordinated throughout hospitalization to
ensure successful prevention. Early mobilization has proven to be one of the most recommended interventions as it has been
shown to promote pulmonary ventilation, increase clearance of secretions, decrease atelectasis and decrease the complications
of prolonged bed rest (Freeman et al., 2022; Caputo et al., 2024; Kumar et al., 2020). Chest physiotherapy, breathing exercises
and incentive spirometry also help to clear the airways, enhance lung expansion and performance of the respiratory muscles.
With good pain control, patients can actively engage in physiotherapy and breathing exercises, while the strict infection control
limits exposure to hospital acquired infections (Elnahla et al., 2021; Wu et al., 2024; van Aswegen et al., 2020). Combined
interventions are the backbone of current modern day PTP prevention programs.

2.5 Role of Multidisciplinary Collaboration

There is a great need for the cooperation of healthcare professionals from various clinical disciplines for effective prevention of
post-traumatic pneumonia. During patient management, these healthcare professionals bring their expertise of different fields
from physicians, nurses, respiratory therapists, physiotherapists, emergency physicians, anesthesiologists and intensive care
specialists (Lorenzo et al., 2026; Aswegen et al., 2020; El-Senousy et al, 2020). Physicians diagnose, determine the treatment
strategy and supervise the overall clinical management, whereas nurses continuously monitor patients and identify early
warning signs which need immediate intervention, such as assessing their respiratory status, checking their oxygen saturation
level (Robba et al., 2020; Ahmed et al., 20204). RTs help manage airways, provide oxygen, help optimize ventilator settings, and
run pulmonary rehab. Physiotherapists can help by doing breathing exercises, chest physio and coughing techniques and early
mobilization programmers that help to improve respiratory function and recovery (Jain & Waseem, 2026; Jain & Waseem, 2025;
De Moya et al., 2022). Good communication between these professions helps to prevent protocols being delayed, ensure
protocol compliance and patient safety. Thus, multidisciplinary coordination is seen as essential to evidence-based trauma care,
which is becoming more common (Muchnok et al.,, 2022; Yatera & Yamasaki, 2025; Al Tannir et al., 2024). Therefore,
multidisciplinary collaboration is becoming a key element of evidence-based trauma care.

2.6 Research Gap

Although great advancements have been made in trauma care, there are gaps in knowledge of the prevention of PTP. Past
studies often focus on interventions for individual preventive services, rather than multi-component prevention programs as
part of a trauma care system (Bradley et al., 2020; Hemati & Agrawal, 2024; Jo, 2022). In addition, there are significant
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differences between healthcare institutions in terms of implementation of guidelines, training of healthcare sta
guidelines and resource availability, which results in variability in clinical practice (Shi et al., 2024; Taran et al., 2023).
critical point that was found in the literature was that information regarding the effectiveness.of preventive protocols in thoracic=
trauma patients was lacking, overall, from previous studies (Réa-Neto et al., 2023; Chen-et al., 2021; Ramsuchit et al:, 2026).' The
benefits of early mobilization, physiotherapy or ventilator care have been studied individually in a few studies, but few studies
have investigated whether these factors can be used together to minimize pneumonia (Lagazzi et al., 2024; Vasquez et al., 2020;
Schieren et al., 2020). Furthermore, there are only a few studies that have compared the effect of various thoracic injury
patterns on the occurrence of pneumonia, considering early detection and multidisciplinary intervention. In this regard, the
present study aims to review existing preventive approaches, to list the most important physiological and clinical risk factors, to
assess the significance of early detection and prompt treatment and to evaluate the effect of various chest trauma injuries on
post-traumatic pneumonia in patients who receive treatment for thoracic trauma (Beeton et al., 2023; Deloney et al., 2021; Prins
et al., 2021). This holistic approach offers proof that can help healthcare facilities enhance their pneumonia prevention policies
for the trauma setting and improve patient outcomes.

3. Conceptual Framework

This study assumes that evidence-based protocols for prevention of post-traumatic pneumonia need to be implemented in a
successful way along the entire pathway of trauma care (Coccolini et al., 2024; Mahmood et al.,, 2020). The conceptual
framework suggests that patient's physiological and clinical risk factors can be raised, as is the risk of pneumonia after thoracic
trauma, however, timely preventive measures and multidisciplinary clinical management of these patients can lower this risk and
improve patient outcomes (Rossaint et al., 2023; Gour-Provencal et al., 2021; Zhao et al., 2025). This framework has been
designed directly from the thesis' study aims and research questions. The independent variables are the following preventative
measures which are usually practiced in trauma care centers. These include early mobilization, chest physiotherapy, incentive
spirometry, oxygen therapy, respiratory monitoring, pain management, administration of prophylactic antibiotics if indicated,
patient positioning, pulmonary hygiene, aspiration prevention, infection control practices and working with other healthcare
professionals (Kithinji et al., 2022; Carcamo Arévalo et al., 2026). In this study, these interventions were identified as the main
preventive interventions that are likely to reduce the pulmonary complications following thoracic trauma.

The Dependent variable is effectiveness of post-traumatic pneumonia prevention, which is assessed by the perception
of the health care professionals about the decrease in pneumonia occurrence, better recovery from the respiratory system,
quality of patient recovery, shorter hospital stay, fewer pulmonary complications, and better quality of trauma care (Oribjonova,
2026; Werle et al., 2026; Magaldi et al., 2026). These outcome indicators are general measures of the overall effectiveness of
preventive measures in routine clinical practice. In the framework, several factors are influencing variables, such as clinical and
physiological. These include rib fracture, pulmonary contusion, pneumothorax, hemothorax, severity of chest injury, prolonged
immobilization, mechanical ventilation, advanced age, chronic respiratory disease, smoking history, diabetes mellitus, impaired
coughing ability, secretion retention, aspiration risk, and compromised immune function (Kilinc et al., 2026; Han et al., 2026;
Temurovna, 2026). All these factors make patients more susceptible to pneumonia and thus impact the ability of prevention
measures to be effective.

The framework also acknowledges early detection and timely intervention as the mediating mechanisms. Respiratory
assessment and monitoring, awareness of oxygen saturation, early detection of high-risk patients, early assessment of pain and
rapid commencement of respiratory support enable preemptive action to be taken before the onset of pulmonary infection
(Sumaarsana et al.,2026; Matias & Abreu, 2026). Early intervention helps build the connection between preventive protocols and
better clinical outcomes. The framework emphasizes the importance of the multidisciplinary approach. Communication and
mutual decision-making among physicians, nurses, respiratory therapists, physiotherapists and other healthcare professionals
help to ensure uniform application of preventative measures and better adherence to clinical guidelines. This team-based
approach should help to optimize the impact of pneumonia prevention measures in trauma care (Pillai & Vazhakalayalil, 2026;
Lytvynenko et al., 2026; Enright et al., 2026).

Figure 1: Conceptual Framework
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4. Research Methodology

4.1 Research Design

This study was quantitative research with a cross-sectional survey design to assess the effectiveness of preventive treatment for
post traumatic pneumonia in the patients who suffered thoracic trauma. It was decided that a quantitative approach would be
used as it would allow the systematic collection of numerical data and the use of statistical analysis to identify patterns,
relationships and associations between preventive interventions and clinical outcomes (Enright et al., 2026; Ruiz et al., 2026;
Rezaei et al., 2026). The cross-sectional design was deemed suitable as data was gathered from healthcare staff at one point in
time to give an overview of the current preventative practice that is being utilized in trauma care settings. This study did not
measure patient outcomes but rather assessed the views of healthcare professionals on whether evidence-based preventive
protocols were effective or not. This design allowed for the evaluation of several preventive interventions at one time and the
role of physiological and clinical risk factors, early detection, and the multidisciplinary approach on the prevention of post-
traumatic pneumonia (Sobrinho & da Costa, 2026). Moreover, the quantitative approach enabled the application of inferential
statistical techniques and objectively answered the research questions, significant relationship among the study variables.

4.2 Study Setting

The study was carried out in selected hospitals and health care institutions that are responsible for the treatment of thoracic
trauma. Some of these institutions had trauma centers that were used routinely for patients with chest trauma, and preventive
strategies implemented to minimize post traumatic pneumonia (Kurt et al., 2026; Bayraktar et al., 2026). The study focused on
the adult trauma care services and excluded the pediatric setting and health care facilities not routinely caring for patients with
thoracic trauma. The selected healthcare settings provided settings where doctors, nurses, respiratory therapists,
physiotherapists and other healthcare workers were actively involved in pulmonary assessment, trauma management,
pulmonary rehabilitation, and pneumonia prevention. Their hands-on experience gave them information on implementing and
effectiveness of preventive protocols in their daily clinical experience (Chen et al., 2026; Patil et al., 2026; Alharran et al., 2026).

4.3 Population and Sampling

The target population included healthcare professionals who are involved in the management of patients with thoracic trauma.
Physicians, nurses, respiratory therapists, physiotherapists and other healthcare workers directly involved in the implementation
of prevention measures for the development of post-traumatic pneumonia were involved (Djanie et al., 2026; Portaccio et al.,
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2026). The professionals were chosen due to their first-hand experiences in respiratory assessment, pati
pulmonary rehabilitation, infection prevention and multidisciplinary care~of patients with trauma. The total nu
participants in the study was 200 health care workers. The sample included professionals.from a diversity of professional=
disciplines to provide as broad a base as possible for assessment of preventive practices on all trauma care teams (Zhang et al.,
2024; Ayed et al., 2025). Representing multiple health care professions added diversity of clinical perspectives and increased
generalizability of findings from the study in participating institutions.

4.4 Data Collection Instrument

A structured questionnaire, specially designed to evaluate preventive protocols for post-traumatic pneumonia, was the tool used
to collect data. The questionnaire covered different aspects regarding preventive practice, demographic characteristics, early
detection, collaboration with different disciplines, perceived effectiveness of preventive interventions, and physiological and
clinical risk factors (Ayed et al., 2025; Oribjonov, 2026; Lodhia et al.,, 2023). All the responses were obtained based on
standardized rating scales for uniformity and quantitative statistical analysis. Permission from institutions were obtained and the
qguestionnaire was sent to healthcare professionals in trauma care facilities. The participants filled out the questionnaire
voluntarily and the responses were anonymous, which helped to ensure accurate reporting and reduce response bias. The
uniform format allowed for the comparability of responses being read and heard among various professional groups (Hofman et
al., 2020; Howroyd et al., 2026; Vasse et al., 2023).

4.5 Reliability and Validity

The structured questionnaire was created based on literature review on trauma management and preventive protocols and was
used to gather primary data. There were two sections of the questionnaire. The first part collected the demographic data on the
participants such as their professional position, number of years of clinical experience, department and educational
qualifications (Dogrul et al., 2020; El-Faramawy et al., 2020). The second section asked respondents what they thought of the
effectiveness of evidence-based preventative interventions on a 5-point Likert scale, from 1 (Strongly Disagree) to 5 (Strongly
Agree). Items on the questionnaire evaluated main constructs: early mobilization, chest physiotherapy, pain management,
pulmonary hygiene, infection prevention, respiratory monitoring, oxygen therapy, multidisciplinary collaboration and overall
prevention of post-traumatic pneumonia (Coccolini et al., 2025; Dote et al., 2020; Cakmak et al., 2022).

4.6 Reliability and Validity

Reliability and validity of the research instrument were conducted prior to the main data collection to ensure the quality of the
research instrument. The questionnaire was subjected to evaluation by experts, and the content validity was established by
making sure that all the elements of the questionnaire covered the study goals and the research questions (Freeman et al., 2022;
Caputo et al., 2024). A pilot test was used before broad testing to clarify, make relevant and comprehensible the items on the
questionnaires. One of the most widely accepted indicators for the reliability of a scale in quantitative research is known as
internal consistency reliability which was measured using Cronbach's Alpha. The collected data was then analyzed using
appropriate statistical procedures to test the consistency and reliability of the data. These procedures ensured reliable results
from the measurement instrument to be suitable for inferential statistical analysis (Kumar et al., 2020; Elnahla et al., 2021).

4.7 Data Analysis Techniques

The analyses of the collected data were carried out with the help of the Statistical Package for the Social Sciences (SPSS). For this
purpose, descriptive as well as inferential statistical techniques were used to achieve the research objectives and research
questions (Wu et al., 2024; van Aswegen, 2020; Lorenzo et al., 2026; Aswegen et al., 2020). Demographic characteristics and
preventive practices were described using descriptive statistics and reliability analysis was used to test the internal consistency
of the questionnaire. Inferential statistics included correlation analysis, multiple regression analysis and other appropriate
statistics were used to assess the relationships among preventive protocols and post-traumatic pneumonia prevention (El-
Senousy et al., 2020; Robba et al., 2020). These analytical methods allowed the identification of significant predictors, analysis of
associations between variables and the evaluation of the effectiveness of preventive interventions applied in thoracic trauma
care.

4.8 Ethical Considerations

Ethical standards were followed in conducting the study with human subjects. The participation was voluntary and all
respondents were briefed on the purpose and objectives of the study prior to filling the questionnaire. Participants were free to
withdraw at any time from the study or not participate at all without the need to endure any consequences (Ahmed et al., 2024;
Jain & Waseem, 2026). The confidentiality and anonymity of the research participants were ensured during the research
process. No personal information was gathered, and all data was only used for academic research. Participant privacy was
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maintained by storing and analyzing data in a secure manner, using gggreééte.data (Jain & Waseem, 2025; De
Muchnok et al., 2022). Permission from the institutions was sought in advance of-data collection and the research was
out in an ethical way in keeping with accepted standards for healthcare research. - ey

5. Results

Table 1: Reliability Analysis

Construct/Scale No. of Items Cronbach's Alpha
Construct 1 17 0.972
Construct 2 9 0.947
Construct 3 4 0.892
Construct 4 3 0.853
Construct 5 3 0.851
Construct 6 2 0.765
Construct 7 3 0.868
Construct 8 4 0.890
Total Scale 45 0.972

The reliability analysis of the research instrument was carried out using Cronbach's alpha as shown in table 1. The results show
good internal consistency across all constructs of this study between Cronbach's Alpha values of 0.765 to 0.972. Cronbach's
Alpha was calculated for the overall questionnaire, and the result was 0.972, which indicated high reliability and the instrument
was consistently measuring the constructs being investigated by the questionnaire (Yatera & Yamasaki, 2025; Al Tannir et al.,
2024). The reliability of the constructs is shown to range from good to excellent with Construct 1 having the highest reliability (a
= 0.972) and Construct 6 having the lowest reliability (a = 0.765) which is still above the acceptable level of 0.70. All Cronbach
alpha value was more than the minimum value recommended so that the research instrument was suitable to be used in further
statistical analysis such as correlation, regression and hypothesis testing (Bradley et al., 2020; Hemati et al., 2024).

Table 2: Correlation Analysis

2 g 3 g ., =
= i) 1) »n
522 § E 2 E g8 2 = 2
1] S o = + o o S 5 & E 2 ©
6 EQ A 5 o0 5 3 Sh= L2 o § g
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~
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Effectiveness Correlation 940 927 905 897 874 .900 918
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Traumatic  tailed)
Pneumonia
Prevention N 200 200 200 200 200 200 200 200
Protocols
Pearson ok sk ok ok sk sk s
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Pearson

874"
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**_ Correlation is significant at the 0.01 level (2-tailed).

The Pearson correlation coefficients are reported in Table 2. The results show that there are strong and significant positive
relationships between perceived effectiveness of the post-traumatic pneumonia prevention protocols and all independent
variables (p < 0.001). Clinician Assessment and Monitoring (r = 0.940), Patient Assessment and Monitoring (r = 0.927), and
Training, Collaboration and Future Improvements (r = 0.918) had the highest positive correlation with the dependent variable
(Jo, 2022; Shi et al., 2024). The remaining strong positive correlations were with Care Coordination and Rehabilitation (r = 0.905),
Challenges and Barriers (r = 0.900), and Education and Compliance Management (r = 0.897), and Effectiveness of Pneumonia
Prevention Strategies (r = 0.874). The results suggest that better clinical preventive practices, patient surveillance,
multidisciplinary cooperation, and ongoing professional education are linked to better effectiveness of post-traumatic
pneumonia prevention protocols (Taran et al., 2023; Réa-Neto et al., 2023; Chen et al., 2021). In general, the correlation analysis
shows that all the variables in the study are significantly and positively correlated with the dependent variable.

Table 3: Multiple Regression Analysis

Predictor Variables B S.E. t p-value
Constant 0.157 0.060 2.592 0.010
Years of Experience in Healthcare Roles 0.034 0.030 1.137 0.257
Pneumonia Prevention Methods Used 0.101 0.027 3.685 <0.001
Role within Healthcare Team 0.031 0.039 0.798 0.426
Clinical Prevention Practices 0.248 0.109 2.280 0.024
Patient Assessment and Monitoring 0.294 0.080 3.668 <0.001
Care Coordination and Rehabilitation 0.176 0.071 2.472 0.014
Education and Compliance Management 0.014 0.072 0.189 0.850
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Challenges and Barriers

Training, Collaboration and Future Improvements

Model Statistics

R

R2

Adjusted R?
F(10,189)

Model p-value

Std. Error of Estimate

Effectiveness of Pneumonia Prevention Strategies

0.136

0.098
0.236"

Value
0.965
0.932
0.928

258.705
<0.001

0.246

0.057 2.399
0.072 1.348 0.179
- 0.076._ 3.109  0.002

The findings of the multiple regression analysis of predictors of perceived effectiveness of post-traumatic pneumonia prevention
protocols are shown in Table 3. The regression model was highly significant (F = 258.705, p < 0.001) and the R? = 0.932 and
Adjusted R? = 0.928 showed an excellent fit with the model. Patient Assessment and Monitoring (B = 0.294, p < 0.001), Clinical
Prevention Practices (B = 0.248, p = 0.024), Training, Collaboration and Future Improvements (B = 0.236, p = 0.002), Effectiveness
of Pneumonia Prevention Strategies (B = 0.136, p = 0.017), and Pneumonia Prevention Methods Used (B = 0.101, p < 0.001) were
the strongest predictors (Ramsuchit et al., 2026; Lagazzi et al., 2024; Vasquez et al., 2020). Years of Experience, Role within the
Healthcare Team, Education and Compliance Management and Challenges and Barriers were not statistically significant (p >
0.05). The study results suggest that a better understanding of the patient, appropriate clinical practice, cooperation between
the medical specialists and ongoing professional training are critical to maximizing the effectiveness of post-traumatic
pneumonia prevention programs (Schieren et al., 2020; Beeton et al., 2023).

Table 4: Descriptive Statistics

Descriptive Statistics N Minimum Maximum Mean Std. Deviation
Perceived Effectiveness of

Post-Traumatic Pneumonia 200 1.00 5.00 3.0529 .92029
Prevention Protocols

Clinical Prevention 200 1.00 3.00 20417 62621
Practices

Patient Assessmentand ), 1.00 3.00 20050  .64043
Monitoring

Care Coordination and

Rehabilitation 200 1.00 3.00 2.0067 66243
Education and Compliance 1.00 3.00 20183  .67845
Management

Effectiveness of

Pneumonia Prevention 200 1.00 3.00 2.0100 67429
Strategies

Challenges and Barriers 200 1.00 3.00 2.0033 67083
Training Collaborationand 1.00 3.00 20100  .64282
Future Improvements

Valid N (listwise) 200

Descriptive statistics for all the study variables are presented in Table 4. PTPP perceived effectiveness mean score was 3.05 (SD =
0.92), noting a generally positive perception of PTPPs by HCPs. The remaining constructs were seen to have a consistent mean
value between 2.00 and 2.04, indicating perceptions to be consistently similar across clinical prevention practices, patient
assessment and monitoring, care coordination and rehabilitation, education and compliance management, effectiveness of
pneumonia prevention strategies, challenges and barriers, and training, collaboration, and future improvements (Deloney et al.,
2021; Prins et al., 2021; Coccolini et al., 2024). The relatively small standard deviation values show consistency in the responses
of participants, and that minimum and maximum values were observed means that the participants used the entire range of the
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measurement scale (Mahmood et al., 2020; Rossaint et al., 2023; Goﬁr-‘Prd\’/encaI et al., 2021). In general, descrip
indicated a positive perception of healthcare professionals when it comes to 'implé‘men,tation of preventive protocols in t
trauma care.

Table 5: Perceived Effectiveness of Post-Traumatic Pneumonia Prevention Protocols According to Work Experience
95% Confidence Interval for

N Mean I:S)t;i\.liation Ei‘crl(.)r Mean Minimum Maximum
Lower Bound Upper Bound
1 to 3 years 22 17219 46784 09974  1.5145 1.9294 1.00 2.65
3t0 5 years 40 23941 45177 07143 22496 2.5386 1.18 3.24
5to10years 63  2.9524 47176 05944  2.8336 3.0712 1.88 4.47
I;:jr“hanl 54 3.6231 .58685 07986  3.4629 3.7833 2.47 476
xz;:thanlo 21 45378 39385 08594 43585 47171 3.65 5.00
Total 200 3.0529 .92029 06507 2.9246 3.1813 1.00 5.00

Table 5 shows how effective participants feel the post-traumatic pneumonia prevention protocols are, according to their
experiences in various categories of health care work. The results indicate that mean scores gradually increased as professional
experience increased. The respondents who had experience of more than 10 years in the field reported the highest perceived
effectiveness (Mean = 4.54) while the respondents who had experience of 1-3 years had the lowest mean score (Mean = 1.72).
Healthcare workers who have less than 1 year of experience, 3-5 years, and 5—-10 years of experience reported mean scores of
3.62, 2.39, and 2.95, respectively (Zhao et al., 2025; Kithinji et al., 2022). The results indicated that the more experience a doctor
had with pneumonia, the more likely they were to feel confident about and value pneumonia prevention measures. The
relatively narrow confidence intervals and low standard errors also suggest stable and reliable estimated group means (Carcamo
Arévalo et al., 2026; Oribjonova, 2026; Werle et al., 2026).

Table 6: ANOVA Analysis

Sum of Squares Df Mean Square F Sig.
Between Groups 120.830 4 30.208 123.465 .000
Within Groups 47.710 195 245
Total 168.540 199

The result of one-way Analysis of Variance (ANOVA) was shown in Table 6 to examine the differences between the groups of
healthcare professionals in terms of their perceived effectiveness of the post-traumatic pneumonia prevention protocols based
on their number of years worked. There was a statistically significant difference between experience groups (F (4,195) = 123.465,
p < 0.001). This finding suggests that there is a wide range of attitudes among healthcare workers about how successful
pneumonia prevention measures are (Magaldi et al., 2026; Kilinc et al., 2026). Thus, the null hypothesis, which was that there
was no difference among the experience groups, is rejected. The results also indicate that more professional experiences is
associated with a more positive attitude toward preventive strategies for post-traumatic pneumonia among healthcare
professionals (Han et al., 2026; Temurovna, 2026; Sumaarsana et al., 2026).

Figure 2: Distribution of Respondents by Years of Experience in Healthcare Roles
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Distribution of Respondents by Years of »
Experience in Healthcare Roles N . =

35.00% 31.50% Y

30.00% 27.00% N
25.009
& 20.00%
20.00%
13:00% - 11.00% 10.50%
10.00%
0.00%

1to3 years 3to5years Sto10years Lessthanl More than 10
year years

Figure 2 shows the frequency distribution of the respondents by years’ experience in healthcare. The highest number of
participants came with 5—-10 years of experience (31.5%) followed by 27.0% with less than a year. 20.0% of respondents had 3-5
years of experience and 11.0% had 1-3 years of experience (Matias & Abreu, 2026). More than 10 years of experience in their
healthcare field was the smallest group (10.5%). In terms of extent of professional experience, the distribution of the study
participants is a reflection of the fact that those cared for were not a homogeneous group, thus offering a good cross-section for
the assessment of factors affecting the success of post-traumatic pneumonia prevention protocols (Pillai et al., 2026; Lytvynenko
et al.,, 2026; Enright et al., 2026).

Figure 3: Distribution of Pneumonia Prevention Methods Used in Trauma Care

8.00%

D

= Chest physiotherapy
= Early mobilization

= Incentive spirometry
= Oxygen therapy

= Prophylactic antibiotics

The most used measures for the prevention of pneumonia in trauma care are presented in figure 2. The most common method
was early mobilization (35.0%) which was widely used by healthcare professionals (Ruiz et al., 2026; Rezaei et al., 2026). Chest
physiotherapy (23.5%) and Oxygen therapy (21.5%) were the next most common therapies, both of which are also crucial
prevention steps for pneumonia. Incentive spirometry was the most common method used (12.0%) and Prophylactic antibiotics
was the least used method (8.0%) (Sobrinho & da Costa, 2026; Kurt et al., 2026; Bayraktar et al., 2026). The results of these
analyses indicate that non-pharmacological preventive interventions are employed more often than antibiotic prophylaxis, which
are consistent with recent clinical practice in post-traumatic pneumonia prevention.

Figure 4: Distribution of Respondents by Role within the Healthcare Team
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= Doctor
= Nurse

= Other

The respondents who formed part of this study had a range of professional roles as represented in Figure 3. Other healthcare
workers (30.5%) were the second largest group, followed by nurses (41.0%) and Doctors (28.5%). This is due to the fact that
doctors and other healthcare professionals participate in the study, capturing multi-disciplinary perspectives, and the increased
proportion of nurses is reflective of their pivotal role in the implementation of post traumatic pneumonia prevention protocols
on a day-to-day basis (Chen et al., 2026; Patil et al., 2026; Alharran et al., 2026). This is a diverse professional representation that
adds to the credibility of the conclusions of the study on pneumonia prevention practices.

6. Discussion

The current study aimed to assess the efficiency of the preventive measures of post-traumatic pneumonia (PTP) in thoracic
trauma patients from healthcare professionals' viewpoint. The results show that evidence-based preventive protocols are very
effective if applied in a structured multidisciplinary approach (Djanie et al., 2026; Portaccio et al., 2026). The perceived
effectiveness of PTP prevention protocols were strongly correlated with all major preventive domains (clinical prevention
practices, patient assessment and monitoring, care coordination and rehabilitation, education and compliance management,
training and future improvements) (Zhang et al., 2024; Ayed et al., 2025; Oribjonov, 2026). These results suggest that preventive
approaches with a wide scope have significant impacts on respiratory outcomes and the risk of pulmonary complications. The
multiple regression analysis also showed that, besides clinical prevention practices, patient assessment and monitoring,
multidisciplinary collaboration, rehabilitation and evidence-based pneumonia prevention practices were the most significant
predictors of effective pneumonia prevention (Lodhia et al., 2023; Hofman et al., 2020; Howroyd et al., 2026). These findings
highlight the need for timely clinical management after thoracic trauma to prevent post-traumatic pneumonia, early
identification of patients who are at risk, and ongoing monitoring of the respiratory function (Vasse et al., 2023; Dogrul et al.,
2020). Additionally, the results indicate that when treatment is centralized and provided in a multidisciplinary manner,
preventive protocols are more effective and better implemented.

The descriptive analysis revealed mostly positive attitudes towards preventive protocols implementation among healthcare
workers (El-Faramawy et al., 2020; Coccolini et al., 2025; Dote et al., 2020). Additionally, there were substantial differences by
experience level, with more experienced healthcare providers having more confidence in preventive measures and clinical
decision making (Cakmak et al., 2022; Freeman et al., 2022; Caputo et al., 2024). The results emphasize the need for ongoing
professional learning and formal training to enhance protocol compliance by less experienced health care practitioners. The
results are consistent with the incorporation of early mobilization, chest physiotherapy, proper pain control, pulmonary hygiene,
oxygenation, respiratory monitoring, and multidisciplinary care into standardized trauma care pathways (Kumar et al., 2020;
Elnahla et al.,, 2021; Wu et al., 2024). The consistent application of those interventions may lead to a decrease in the incidence of
pneumonia after thoracic trauma, shorten hospital stays, lower medical costs, and better patient outcomes.

7. Practical Implications

The study underscores the importance of implementing uniform preventative measures in the care of thoracic trauma patients.
These principles of routine respiratory assessment, early mobilization, chest physiotherapy, effective pain management and
multidisciplinary teamwork should be implemented in daily clinical practice. Ongoing staff education could also help ensure

compliance with these guidelines and provide better care for patients (van Aswegen, 2020; Lorenzo et al., 2026; Aswegen et al.,
2020).
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8. Conclusion .
This research shows that post-traumatic pneumonia is a highly preventaBIe- complication with the use of evidence-ba
preventive protocols when patients have thoracic trauma. The results indicate that the effectiveness of strategies to prevent™
pneumonia is greatly enhanced by undertaking patient assessment and monitoring, by implementing clinical prevention
practices, by working in a multidisciplinary team, by conducting rehabilitation, and by. continuing to train health care
professionals. The study also highlights the need for a coordinated multidisciplinary approach for successful prevention of which
early mobilization, respiratory monitoring, chest physiotherapy, pulmonary hygiene, oxygen therapy, infection prevention and
effective pain management are all critical. Making these preventive interventions a standard in trauma care settings could make
a significant contribution towards patient recovery, lower the risk of respiratory complications, and increase the quality of
trauma care.

9. Limitations

There were some limitations in this study. First, it was of a cross sectional design, the main limitation of which is that it does not
allow for causal interpretation. Secondly, the results were subjective and based on the perceptions of healthcare professionals
rather than on actual patient outcomes. Last but not least, the study took place in selected healthcare institutions that may
restrict the generalizability of the findings.

10.Future Research

Multimarket and longitudinal investigations should be conducted in the future, to assess the sustained impact of preventive
protocols. Other clinical outcomes like pneumonia incidence, length of hospital stay, and need for intensive care should be
included in research to enhance evidence of preventive strategies..
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