	
	
	



RESEARCH ARTICLE 
RUNNING HEAD: ACTs alter ventilation distribution in the lateral posture
Regional ventilation distribution: effects of lateral posture and airway clearance techniques in healthy and COPD individuals.
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ABSTRACT
Lateral positioning is commonly used in respiratory physiotherapy to optimize ventilation and promote secretion clearance. However, little is known about how different airway clearance techniques (ACTs) affect regional ventilation in this posture, particularly in older adults and individuals with COPD. Healthy adults and individuals with COPD underwent a 20-minute session consisting of five 2-minute respiratory maneuvers in the right lateral posture, each separated by 2-minute rest periods. The first maneuver involved spontaneous tidal breathing while the order of the remaining four were randomized and included: 1-liter tidal breaths; expiration against positive expiratory pressure (PEP), slow expiration with open glottis (ELTGOL) without physiotherapy assistance (ELTGOLAuto); ELTGOL with manual physiotherapy assistance (ELTGOLPhysio). Regional ventilation distribution was assessed using electrical impedance tomography by calculating the proportion of tidal impedance variation (TIV%) in the right and left lungs, from which the difference (ΔTIV%) was derived. Thirty-two participants (16 per groups, aged 69 ± 7 years) were analyzed and averaged as there was no significant between-group difference. During spontaneous breathing, ventilation was preferentially distributed to the right lung (ΔTIV% = 21 ±28%). All four maneuvers significantly reduced this asymmetry (p<0.05). ELTGOLAuto and ELTGOLPhysio elicited the largest decrease (ΔTIV%: −24.5 ±23.8% and −23.7 ±27.6%, respectively; p<0.001), followed by PEP (-15.1 ±31%, p=0.009). The redistribution was mainly due to a relative increase in ventilation in the non-dependent lung in both groups, though effects tended to be more attenuated in COPD. These findings contribute to a better understanding of how common physiotherapeutic maneuvers influence lung ventilation patterns.

NEW & NOTEWORTHY
This study provides the first direct evaluation of regional ventilation distribution during airway clearance techniques (ACTs) in the lateral posture using electrical impedance tomography. We show that the intended increase in dependent-lung ventilation is not achieved; instead, ventilation shifts toward a more homogeneous right-left ventilation distribution, particularly during slow expiration with open glottis, in both healthy and COPD individuals. These findings refine the physiological understanding of ACTs and their potential optimization in clinical practice.
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INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a common respiratory disease characterized by persistent airflow obstruction and chronic respiratory symptoms(1). The disease is associated with high morbidity, mortality, and healthcare costs, which are anticipated to rise as the world’s population ages(2). Individuals with COPD commonly experience mucus hypersecretion and airway mucus plugs, which contributes to an increase in dyspnea, accelerates forced expiratory volume in one second (FEV1) decline, and is associated to a higher risk of exacerbations and mortality(3, 4). As the management of bronchial secretions is a significant challenge encountered by individuals with COPD(5, 6), strategies such as airway clearance techniques (ACTs) are commonly used to address sputum retention in this population.
In asymmetric periodic flow models such as breathing, the physiological mechanisms by which ACTs are thought to enhance mucociliary clearance include increasing expiratory airflow velocity (to a higher extent than inspiratory airflow velocity) to generate high shearing forces locally, along airway walls, facilitating the cephalad movement of airway secretions(7, 8). In adults breathing spontaneously, adopting a side-lying position enhances airflow velocity in the dependent (or infra-lateral) lung due to a combination of airway narrowing and increased regional ventilation(9). Indeed, gravity deforms the lung under its own weight, narrowing the airways and making interpleural pressure less negative in dependent regions(9) while abdominal viscera displace the dependent diaphragm upward into a more mechanically advantageous arched position, thereby enabling greater excursion(10). Slow expiration with an open glottis in lateral posture (ELTGOL) further leverages these physiological mechanisms, using slow expirations from functional residual capacity (FRC) to the end of the expiratory reserve volume to maximize lung deflation and airflow in the dependent lung while minimizing airway collapse(11-13).
[bookmark: _Hlk210381471]However, the intended increase in dependent lung ventilation during ELTGOL has never been verified. Indeed, most studies on regional ventilation in lateral posture have focused on healthy young adults during tidal breathing(9, 14-16). Yet factors affecting respiratory mechanics in individuals with COPD, such as aging and lung parenchyma destruction, may alter the effects of lateral positioning on regional ventilation. For instance, in older individuals, obese subjects or mechanically ventilated patients, the preference for dependent-lung ventilation may be diminished, equalized between lungs, or even shifted toward the nondependent lung, underscoring the complex interplay of gravitational and non-gravitational factors (17-19). Breathing patterns also play a role: high-flow breathing reduces redistribution toward the dependent lung, whereas low-lung-volume breathing favors redistribution to the nondependent lung(17). Additionally, during ELTGOL, physiotherapists often provide manual support by applying thoracic and abdominal compression during expiration to enhance lung deflation(13). However, the effects of such manual pressure on regional ventilation distribution have, to the best of our knowledge, never been examined. Altogether, the combined influence of COPD-related factors, the breathing pattern required during ELTGOL, and manual thoracoabdominal pressure on regional ventilation distribution, remains unclear.
[bookmark: _Hlk210546159][bookmark: _Hlk210547662][bookmark: _Hlk184748011]Similarly, some ACTs such as positive expiratory pressure (PEP) therapy, are intended to stabilize bronchi during exhalation by increasing intrathoracic pressures and are often combined with positioning or other ACTs(20). Yet, although positive end-expiratory pressure during mechanical ventilation has been shown to reduce uneven gas distribution(21), a previous study reported no improvement in ventilation inhomogeneity after a single PEP session in patients with stable COPD(22). However, the potential redistribution of regional ventilation during PEP therapy, and its interaction with the lateral posture, remains unknown. Understanding these physiological mechanisms is crucial, as ACTs in the lateral posture are widely used to facilitate secretion clearance in clinical practice. Clarifying how they influence regional ventilation may help physiotherapists refine positioning and technique selection to optimize their clinical effectiveness.
[bookmark: _Hlk210547965]To address these questions, we designed a randomized cross-over study to assess ventilation distribution in the right lateral decubitus position among healthy individuals and COPD subjects, using electrical impedance tomography (EIT). We aimed to examine the influence of ELTGOL (with or without manual support) and PEP therapy on ventilation distribution in the side-lying position. We hypothesized that ACTs, particularly ELTGOL, would increase ventilation distribution in the dependent lung compared to spontaneous breathing. 


MATERIALS AND METHODS
Participants
Individuals with COPD were eligible for inclusion if they met the following criteria: age ≥ 45 years, body mass index (BMI) < 35 kg/m2, stable clinical condition (no acute exacerbation within the previous three weeks)(23) and a diagnosis of moderate to very severe COPD as defined by the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria(24). Healthy controls were required to meet similar demographic criteria (age ≥ 45 years, BMI < 35 kg/m2) and additionally be never smokers, have forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC) > 80% of predicted values, FEV1/FVC > 0.7, and no history of cardiovascular, neuromuscular or respiratory disease. The lower age limit of 45 years was chosen to reflect an older adult population, in which ventilation heterogeneity is already evident due to age-related changes in lung structure and compliance(25, 26), and because COPD prevalence rises sharply after this age(27, 28). Common exclusion criteria for both groups included contraindications for the use of EIT, such as the presence of cutaneous lesions or electronic implanted devices (e.g., pacemakers or defibrillators).
[bookmark: _Hlk210666498]Participants were recruited between May 2024 and May 2025 during pulmonology consultations for COPD patients, or randomly among staff and relatives of patients for healthy controls (none of whom were physiotherapists), at the Cliniques universitaires Saint-Luc, Brussels, Belgium. All included participants provided written informed consent to participate in the study. The study was approved by the local ethics committee (2022/05AVR/152), and was performed in accordance with the Declaration of Helsinki II, and was registered on ClinicalTrials.gov (NCT06381973).
Study design
The experiment was a prospective, randomized, crossover study. Each participant attended a single 20-minute session. Individuals with COPD performed spirometry and whole-body plethysmography before the session. Healthy participants only performed spirometry. These lung function tests were completed according to the American Thoracic Society (ATS)/European Respiratory Society (ERS) guidelines(29).
[bookmark: _Hlk210541823][bookmark: _Hlk210541863]The 20-minute session consisted of five 2-minute respiratory maneuvers performed in the right lateral posture, each separated by a 2-minute rest period. Throughout the session, each participant was positioned strictly in the right lateral posture on an examination table, with the head maintained in a neutral position using either a cushion or the participant’s forearm. A cushion was added when needed for comfort, while ensuring the head remained aligned horizontally with the body. This position was maintained throughout the intervention without adaptation. The first maneuver was identical for all participants: they were instructed to perform spontaneous tidal breathing without external guidance or assistance. The sequence of the remaining four maneuvers was randomized using sealed envelope numbered 1 to 4, which determined the order of maneuvers. The four randomized maneuvers were as follows:
1. [bookmark: _Hlk210564619]1L-guided breathing: 1-liter tidal breathing was guided using a portable spirometer (SpiroScout, GANSHORN, Germany). Participants were instructed to achieve a tidal volume of 1 liter per breath above their resting volume (i.e. functional residual capacity), while continuously monitoring the real-time flow-volume loop displayed on a screen.
2. PEP breathing: Breaths were performed through a PEP device (Threshold PEP, Philips Respironics, USA) set to maintain a mid-expiratory positive pressure of 10 ± 2 cmH₂O. Participants were instructed to inhale slowly by the nose and then exhale actively while sustaining the set pressure, emphasizing a longer-than-usual exhalation time.
3. ELTGOLAuto: Active expirations were performed independently by the participant, i.e. without external resistance or physiotherapist assistance. Instructions focused on engaging the abdominal muscles and maintaining an open glottis during exhalation. Participants were guided to inhale slowly by the nose and then to exhale slowly up to the end of the expiratory reserve volume.
4. ELTGOLPhysio: This maneuver replicated ELTGOLAuto but included manual assistance. During exhalation, a physiotherapist positioned behind the subject applied coordinated thoracoabdominal pressure to enhance lung deflation. The cephalic hand was positioned on the rib cage of the left lung to guide and support thoracic movement, while the caudal hand was placed over the umbilical region to gently press and tilt the abdominal contents upward, thereby assisting diaphragmatic ascent and promoting lung deflation.
Measurements and outcomes
Regional ventilation distribution was assessed using EIT, a non-invasive imaging technique measuring changes in electrical impedance within lung tissues during respiration. The EIT device used in this study was the PulmoVista®500 (Dräger Medical, Lübeck, Germany)(30-33). The EIT monitors continuously the lung ventilation by generating cross-sectional images of the lung using a 16-electrode belt positioned circumferentially around the thorax between the 4th and 5th intercostal space, and one reference electrode was placed near the umbilicus in an area with minimal impedance variation(30, 31). EIT provides dynamic tomographic images by detecting spatial impedance changes associated with pulmonary inflation and deflation throughout the respiratory cycle, enabling continuous monitoring and comparison of ventilation distribution during each respiratory maneuver. Data collected via EIT were processed and analyzed using the Draeger EIT Data Analysis Tool, version 6.1, which allows frame-by-frame image analysis. One investigator (TP) was specifically trained to retrieve and analyze EIT data, and performed this work independently from the investigators who applied the respiratory maneuvers. However, the analyst was not blinded to the experimental conditions. This was because defining the baseline reference within the software (set during the spontaneous breathing maneuver) requires identifying the specific condition being analyzed. As EIT outputs are expressed as relative, unitless impedance changes, the correct baseline alignment is essential to ensure accurate signal interpretation, which inherently precludes blinding. 
The regional distribution of ventilation in the right and left lungs was assessed using tidal impedance variation (TIV), defined as the change in electrical impedance between end-expiration and end-inspiration, reflecting the distribution of tidal volume within the lungs(34). To quantify and compare regional TIV in the right and left lungs, four equally sized regions of interest (ROIs) were delineated on the EIT device, corresponding to ventral and dorsal quadrants on each side of the thorax. For each breath, we calculated regional ventilation in the left lung by summing the TIV from the two left-sided ROIs (ventral and dorsal); the same approach was applied to determine ventilation in the right lung with the corresponding right-sided ROIs(34). The proportion of TIV distributed to the right and left lungs was expressed as a percentage of the global TIV (hereafter referred to as TIV%right and TIV%left, respectively). To evaluate the effects of the different maneuvers on regional ventilation distribution, we calculated the difference in the proportion of TIV between the right and left lungs (ΔTIV% = TIV%right – TIV%left). A positive ΔTIV% value indicates greater ventilation in the right lung. For example, if ΔTIV% = +20%, this corresponds to 60% of total ventilation in the right lung and 40% in the left lung.

[bookmark: _Hlk210665288][bookmark: _Hlk210565777][bookmark: _Hlk210542037]For each of the above-mentioned respiratory maneuvers, data acquisition began once the participant was familiarized with the requested respiratory maneuver. The TIV was then analyzed by averaging between five and ten consecutive artifact-free breaths, excluding sighs or irregular breathing patterns.
Statistical analysis
The sample size calculation was based on ΔTIV% (primary outcome). Based on a previous study in cystic fibrosis and healthy subjects(35), we anticipated an effect size of 0.8. To achieve 80% power with a two-sided α level of 0.05, the required sample size was 15 participants per group using G*Power v 3.1.9.7 (36). To account for an estimated 10% dropout risk due to potential participation withdrawals or EIT technical issues, we aimed to recruit 16 healthy participants and 16 participants with COPD.
The Shapiro-Wilk test was used to assess the normality of the data distribution. According to their distribution, data were subsequently presented as mean ± standard deviation (SD) or median [interquartile range].
A two-way repeated measures ANOVA was used to assess the influence of respiratory maneuvers (5 conditions) as a within-subject factor and group (healthy vs. COPD) as a between-subject factor. When a significant effect was found, planned pairwise comparisons between each maneuver and spontaneous breathing were conducted using the Least Significant Difference (LSD) post hoc test, as the analysis focused on differences from the reference condition (spontaneous breathing).
[bookmark: _Hlk210642950][bookmark: _Hlk210660419][bookmark: _Hlk210665929]To assess how right and left TIV changed in response to each of the four experimental maneuvers relative to the reference condition (spontaneous breathing), TIV values were normalized to the spontaneous tidal breathing condition, which was set at 100%. Therefore, if TIV of the right lung changed for example by 200% with PEP therapy, it means the right lung ventilated 2x higher compared to the spontaneous condition. The resulting percentage changes between the right and left lungs were compared within the four experimental conditions using paired Student’s t-test for normally distributed data or Wilcoxon signed-rank test when the assumption of normality was not met.
All data were analyzed using SPSS Statistics version 27.0 (IBM, Armonk, NY, USA). All tests were two-sided and P values ≤ .05 were considered significant.


RESULTS
Thirty-three subjects (16 healthy and 17 COPD individuals) were recruited. One COPD participant was excluded due to a technical issue during EIT measurements. Therefore, analyses were performed on the remaining 32 participants (Figure 1). The anthropometric characteristics were not significantly different between groups, with a mean ± SD age of 69 ± 7 years and BMI of 24.3 ± 4.1 kg/m². Participants with COPD presented abnormal static lung volumes and exhibited significantly lower FEV1, FVC and FEV1/FVC values than healthy adults. Table 1 details baseline characteristics for both groups.
[bookmark: OLE_LINK1]The two-way repeated measures ANOVA revealed a significant main effect of the respiratory maneuvers on ΔTIV% (F=14.484, p<0.001), indicating that ventilation distribution varied across the different respiratory maneuvers. There was no significant main effect of group (F=0.176, p=0.678), suggesting no overall difference between healthy participants and individuals with COPD. Additionally, the interaction between respiratory maneuvers and groups was not significant (F=2.116, p=0.127), indicating that the pattern of responses to the different maneuvers did not differ between groups (Figure 2). During spontaneous breathing, ventilation was preferentially distributed to the right lung in both groups, with an average ΔTIV% of 21 ± 28%, corresponding to approximately 60.5% of total ventilation to the right lung and 39.5% to the left lung. Planned pairwise comparisons using the LSD post hoc test showed that all four experimental maneuvers led to a significant reduction in ΔTIV% (i.e., a reduction of the right-sided ventilation preference) compared to spontaneous breathing. The magnitude of the reduction differed depending on the maneuver performed, with mean differences (± SD) compared to the spontaneous condition of −5.1 ± 12.8% for 1L-guided breathing (p = 0.033), −15.1 ± 31.0% for PEP breathing (p = 0.009), −24.5 ± 23.8% for ELTGOLAuto (p < 0.001), and −23.7 ± 27.6% for ELTGOLPhysio (p < 0.001) (Figure 2).
To further explore the observed reduction in ΔTIV% during the experimental maneuvers, the relative change in TIV was analyzed separately for the right and left lungs in both healthy individuals and those with COPD. The analysis showed that, in nearly all participants, TIV in the right lung was either maintained or increased, typically by a factor of 1 to 5 compared to the spontaneous breathing condition. However, a substantially greater increase in TIV was observed in the left lung, particularly among healthy participants. These differences between the right and left lungs during the four experimental maneuvers are illustrated in Figure 3 and supplemental Table S1. The greater relative increase in TIV in the left lung compared to the right lung was significant in nearly all conditions, except during 1L-guided breathing in healthy individuals and PEP breathing in participants with COPD, where no significant difference between lungs was observed.
DISCUSSION
This study investigated the effects of different respiratory maneuvers, most of which are commonly used ACTs, on the regional distribution of ventilation in the right lateral posture in both healthy and COPD individuals. Our results demonstrate that all four experimental maneuvers significantly attenuated the spontaneous right-lung dominant ventilation pattern. This shift toward a more homogeneous right-left ventilation distribution was primarily driven by a relative increase in ventilation in the left (nondependent) lung, particularly during the ELTGOL maneuvers, regardless of whether thoracoabdominal manual pressure was applied.
[bookmark: _Hlk210383723][bookmark: _Hlk210666268][bookmark: _Hlk210664629][bookmark: _Hlk210717097]It is well established that gravity plays a key role in the distribution of regional ventilation(37, 38). In the upright position, ventilation is greater at the lung bases compared to the apices due to the gravitational gradient in pleural pressure (as a result of the increased weight of the lung parenchyma at the lung base), estimated to increase by approximately 0.2 cmH₂O per centimeter of vertical distance(39). This gradient causes lower resting volumes and higher compliance of alveoli in dependent (lower) regions, placing them on a steeper portion of the pressure-volume curve, thereby promoting a relatively greater tidal expansion during inspiration compared to the non-dependent regions(40, 41). The same gravitational effects apply in the lateral posture and have been well documented in healthy subjects during spontaneous breathing using either EIT, tracer-gas scintigraphy and functional or magnetic resonance imaging (9, 14-16, 39, 42). However, how ACTs interact with the gravity effect on regional ventilation distribution in individuals breathing spontaneously has been barely studied. 
[bookmark: _Hlk210416584][bookmark: _Hlk210718161]To our knowledge, the effect of PEP therapy on regional ventilation distribution in the lateral posture has only been studied once, by Wettstein et al., in healthy individuals and in patients with cystic fibrosis(35). While previous work has shown that continuous positive airway pressure (CPAP) enhances gravitational effects on spatial ventilation(14), Wettstein et al. reported that PEP therapy may actually counteract them(35). In the present study, we deliberately used a PEP device with fixed resistance to isolate the physiological effect of expiratory back pressure on ventilation distribution, without the confounding influences of oscillation or flow-dependent resistance. Our findings align with the latter results and specifically apply to fixed-resistance PEP. Oscillating PEP devices, which superimpose flow-dependent expiratory pressure with mechanical oscillations, may additionally affect intrathoracic pressure dynamics and mucus transport, but their impact on regional ventilation distribution during short breathing sequences remains unknown. 
It should be recalled that gravity tends to stretch the upper part of the lung as it is suspended within the thoracic cavity. This gravitational pull increases strain on the nondependent (upper) lung regions, leading to reduced compliance due to a shift toward the right, flatter portion of the pressure-volume curve. As a result, these regions are less ventilated during tidal breathing. The application of continuous pressure during both inspiration and expiration, as with CPAP, further increases the end-expiratory lung volume in these regions, reducing even further their compliance. In contrast, the PEP maneuver applies resistance only during expiration(20), which when used for ACT purpose leads to a reduction in end-expiratory lung volume and an increased tidal volume compared to spontaneous breathing(20), influencing both the spatial and temporal distribution of ventilation(43). The combination of a lower end-expiratory level and a larger tidal volume likely shifts the nondependent (left) lung to a steeper, more compliant part of the pressure-volume curve, promoting more homogeneous right-left ventilation. Moreover, by keeping alveoli and small bronchioles open during exhalation(20), PEP therapy may help equalize regional compliance at end-expiration.
Our data support this interpretation, as we observed a significant relative increase in left lung ventilation during PEP in healthy subjects. Interestingly, this effect was attenuated in individuals with COPD. A plausible explanation is that patients with hyperinflation already operate on the far right, flatter portion of the pressure-volume curve(44). As such, even with a moderate reduction in end-expiratory volume during PEP, the non-dependent lung may not shift substantially toward the more compliant, steeper portion of the curve. Additionally, we did not instruct participants to exhale down to residual volume during the PEP maneuver, which might have limited the extent of lung deflation, end-expiratory lung volume, and could thus have influenced the results. This hypothesis is supported by our finding that the difference in the relative increase in TIV between the right and left lungs during PEP was not significant in the COPD group. It is also consistent with prior work who reported that inspiratory-expiratory impedance changes were reduced in emphysematous patients and negatively correlated with total lung capacity(45). Finally, intrinsic non-gravitational lung heterogeneity exists due to asymmetric airway geometry(46). These non-gravitational factors may exert a greater influence in COPD due to parenchymal destruction compared to healthy individuals, which could therefore diminish the impact of gravity and respiratory maneuvers on regional ventilation distribution.
To our knowledge, this is the first study to investigate ventilation distribution during the ELTGOL maneuver performed in the lateral posture. ELTGOL, with or without manual assistance, elicited the largest increase in left lung ventilation. Although the guided pressure applied to the thoracoabdominal wall during ELTGOLPhysio was intended to enhance deflation of dependent regions, our findings suggest that most of the effect can be attributed to the maneuver's intrinsic breathing pattern: slow, deep exhalation down to residual volume. Notably, previous studies have shown that exhaling fully to residual volume can reduce ventilation inhomogeneity between the right and left lungs.(17, 47). This likely shifts alveoli in the nondependent (upper) lung to a more compliant and responsive region of the pressure-volume curve, thereby increasing ventilation. Simultaneously, alveoli in the dependent lung may be displaced toward the flatter, less compliant portion of the curve, reducing their contribution to tidal ventilation. These mechanisms may underline the marked redistribution of ventilation observed during ELTGOL maneuvers.
These ventilatory responses to ELTGOL take on added significance in older individuals, as aging has been shown to reduce ΔTIV%(17, 48). Indeed, in the elderly, respiratory mechanics differ markedly from those of younger adults due to age-related changes such as decreased respiratory muscle strength, reduced chest wall compliance from thoracic stiffening, and increased lung compliance resulting from diminished elastic recoil(49, 50). These changes promote early airway closure during exhalation and increase the susceptibility of airways to collapse, especially in the dependent, compressed lung, due to reduced mechanical stability of the lung tissue. As a result, earlier airway closure during exhalation is more likely, especially during expiratory maneuvers that go below closing capacity and involve higher gas flow rates than spontaneous breathing(17), such as ELTGOL. This may further accentuate the redistribution of ventilation toward the nondependent lung. This context underscores the importance of evaluating techniques like ELTGOL in older populations, including those with COPD, to understand how such physiological changes may alter ventilation responses.
Although ELTGOL did not enhance regional ventilation preference in the dependent lung, its clinical efficacy has been supported in previous studies, particularly in bronchiectasis. Muñoz et al. found that one year of self-administered ELTGOL facilitated secretion removal and was associated with fewer exacerbations, improved quality of life, and reduced cough impact(51). Likewise, Martins et al. have demonstrated an improvement in mucociliary clearance in the dependent lung during ELTGOL compared to a resting breathing pattern in the lateral position in COPD patients(13). Interestingly, in this latter study, mucus clearance improved globally in both lungs except in peripheral regions, where ELTGOL more effectively cleared the dependent lung. This discrepancy between ventilation and secretion clearance could be explained by local airflow velocity: since velocity of airflow depends on both airflow rates and cross sectional areas (airflow velocity = airflow rate ÷ cross sectional area), increased flow in a narrowed, compressed dependent lung may enhance mucociliary transport(52), even if overall ventilation is not significantly improved. Further studies are warranted to investigate this interaction between ventilation and mucociliary clearance.
The 1L-guided breathing maneuver, which involved taking regular breaths with inspiratory volume guidance but without forced expiration or resistance, had the smallest effect on altering regional ventilation distribution. This is likely because the tidal breathing obtained during this maneuver was close to the physiological tidal breathing of the subjects and consequently did not induce substantial changes in end-expiratory lung volume or tidal volume, thus failing to shift regional compliance in a meaningful way. This further supports the hypothesis that both a reduction in functional residual capacity (FRC) and an increase in tidal volume are necessary to significantly influence regional ventilation patterns(43).
[bookmark: _Hlk210384070]This study has several limitations. First, we did not monitor the precise expiratory volume or end-expiratory lung volume reached during each maneuver. For example, during PEP breathing, it remains unclear whether participants exhaled down to residual volume, remained at functional residual capacity, or operated somewhere in between. This variability may have influenced the degree of ventilation redistribution observed. Second, we assessed regional ventilation only in the right lateral decubitus position. It is possible that results would differ in the left lateral posture due to anatomical and mechanical asymmetries, such as the natural leftward deviation of the mediastinum and the elevated position of the right hemidiaphragm caused by the underlying liver, which could influence ventilation and perfusion dynamics. Third, our COPD sample did not include many individuals with very severe disease (i.e., GOLD stage 4), limiting the generalizability of our findings to this population. Fourth, as with most EIT studies, our measurements were limited to a single transverse thoracic plane. Since the distribution of ventilation can vary along the craniocaudal axis, particularly in diseased lungs(47), our results may not fully reflect changes occurring at more apical or basal lung levels. Moreover, reference imaging modalities such as dynamic magnetic resonance imaging or computed tomography during lateral posture were not available. Thus, we cannot exclude that our measurements reflect not only true changes in ventilation but also the displacement of intrathoracic organs. Finally, a limitation concerns the absence of blinding during image analysis. As defining the baseline reference within the EIT software required identifying each respiratory condition, blinding of the analyst was technically not feasible. 
[bookmark: _Hlk210667007][bookmark: _Hlk210570741]To conclude, this study demonstrates that specific respiratory maneuvers, including PEP and ELTGOL, can significantly modify the regional distribution of ventilation in the lateral decubitus position, particularly by reducing the natural dominance of the dependent lung. ELTGOL, even without manual assistance, elicited the greatest shift toward more homogeneous ventilation, likely due to its characteristic low-flow, full-exhalation breathing pattern. Although the study was not designed to assess clinical outcomes, these physiological insights may help physiotherapists better tailor airway clearance strategies and positioning, and suggest that techniques such as ELTGOL could also promote ventilation and secretion clearance in nondependent lung regions. 
APPENDIX 
GLOSSARY
DATA AVAILABILITY
Source data for this study are openly available at https://github.com/tiquilla/Data_ACT_lat_post_public.git 
SUPPLEMENTAL MATERIAL
[bookmark: _Hlk210666829]Supplemental Table S1: DOI: https://doi.org/10.5281/zenodo.17284472
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FIGURE LEGENDS
Figure 1: CONSORT flow diagram
Figure 2: Regional ventilation distribution in healthy and COPD participants in the right lateral posture across different respiratory maneuvers.
Figure legend: Regional ventilation (Y-axis) is expressed as the difference in the proportion of tidal impedance variation (TIV%) between the right and left lungs (ΔTIV%), derived from electrical impedance tomography. Positive ΔTIV% values indicate greater ventilation in the right (dependent) lung. Data were analyzed using a two-way repeated measures ANOVA with respiratory maneuvers as a within-subject factor and group (healthy vs. COPD) as a between-subjects factor. Post-hoc comparisons were performed using LSD correction. Data are presented as mean ± SD. Grey circles represent healthy individuals; white squares represent participants with COPD.
[bookmark: _Hlk210719358]Abbreviations: Spont: spontaneous tidal breathing; 1L-guided: tidal breathing of 1L guided by spirometry; PEP: breathing against positive expiratory pressure, ELTGOLAuto: slow expiration with open glottis without physiotherapy assistance; ELTGOLPhysio: ELTGOL with manual physiotherapy assistance.
Figure 3: Relative changes in tidal impedance ventilation in the right and left lungs across different respiratory maneuvers.
Figure legend: Relative impedance changes are shown for the right (open circles) and left (filled circles) lungs in both healthy (A) and COPD (B) individuals. Values are expressed as a percentage relative to the spontaneous tidal breathing condition, set at 100% (indicated by the horizontal dotted line). Each point represents one individual participant, illustrating of intra- and inter-individual variability across maneuvers. In Panel A, the Y-axis was truncated to include an outlier while maintaining consistent axis scaling between Panels A and B.
Abbreviations and symbols: *: p<0.05; **: p<0.01; ***: p<0.001; ns: not significant; 1L-guided: tidal breathing of 1L guided by spirometry; PEP: breathing against positive expiratory pressure, ELTGOLAuto: slow expiration with open glottis without physiotherapy assistance; ELTGOLPhysio: ELTGOL with manual physiotherapy assistance.
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