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Resumo 

Introdução: A maioria das pessoas com cancro de cabeça e pescoço (pCCP) 

apresenta perturbações da deglutição (PD). As manobras posturais são medidas 

de intervenção frequentemente utilizadas durante a deglutição e consideradas 

potencialmente benéficas. Contudo, poucos estudos apresentam avaliação às 

cegas e a maioria apresenta amostras de dimensão reduzida. Assim, o presente 

estudo pretende colmatar essas lacunas e tem como objetivo avaliar os efeitos 

das manobras posturais na segurança e eficácia da deglutição em pCCP com 

PD. Métodos: Foi conduzido um estudo observacional analítico em 48 pCCP 

com PD. Foi realizada uma videoendoscopia da deglutição com líquidos finos 

(IDDSI 0) e extremamente espessos (IDDSI 4), segundo a International 

Dysphagia Diet Standardisation Initiative (IDDSI). Para cada consistência, os 

participantes deglutiram três ofertas de 5 mL e realizaram as seguintes 

manobras: posição neutra (controlo), flexão, extensão e rotação da cabeça. Dois 

avaliadores externos analisaram às cegas a segurança e eficácia da deglutição 

através da Penetration-Aspiration (PAS) e Yale Pharyngeal Residue Severity 

Rating (YPRSRS). Para análise estatística utilizou-se uma ANOVA de medidas 

repetidas. Resultados: A flexão de cabeça melhorou a segurança da deglutição 

reduzindo os valores PAS (p = .046), enquanto a extensão piorou (p = .002), 

obtendo-se valores PAS significativamente mais elevados para IDDSI 0. Não se 

observaram diferenças significativas para o IDDSI 4. A extensão aumentou os 

resíduos nas valéculas com IDDSI 0 (p = .008) e IDDSI 4 (p < .001), bem como 

os resíduos nos seios piriformes para IDDSI 4 (p = .002). A rotação de cabeça 

aumentou o resíduo valecular (p = .041; p = .031). Conclusão: A flexão de 

cabeça diminuiu o nível de penetração-aspiração para IDDSI 0, enquanto a 

extensão e rotação de cabeça pioraram a segurança e eficácia da deglutição, 

salientando que as manobras compensatórias devem ser avaliadas 

individualmente em pCCP. 

 

Palavras-chave: Manobras posturais; Perturbações da deglutição; Deglutição; 

Cancro de Cabeça e Pescoço; Videoendoscopia da deglutição. 
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Abstract 

Purpose: Most people with head and neck cancer (pwHNC) experience 

swallowing disorders. Postural maneuvers are widely used intervention strategies 

during swallowing and are considered potentially beneficial. However, few studies 

employ blinded assessments, and most involve small sample sizes. Therefore, 

the present study aims to address these gaps and to evaluate the effects of 

postural maneuvers on swallowing safety and efficiency in pwHNC. Methods: An 

analytical observational study was conducted in 48 pwHNC with swallowing 

disorders. The assessment was performed using fiberoptic endoscopic 

evaluation of swallowing with thin (level 0) and extremely thick (level 4) liquids, 

following the International Dysphagia Diet Standardisation Initiative (IDDSI). For 

each consistency, participants completed three 5 mL boluses in five postural 

maneuvers: neutral (control), chin tuck, head extension, and head rotation to the 

right and left. Two blinded raters independently scored performance using the 

Penetration-Aspiration Scale (PAS) and the Yale Pharyngeal Residue Severity 

Rating Scale (YPRSRS). For statistical analysis, repeated measures ANOVA was 

used. Results: The chin tuck improved swallowing safety (p = .046), showing 

reduced PAS scores, whereas head extension worsened it (p = .002), with higher 

PAS scores for IDDSI level 0. No significant safety differences were observed for 

IDDSI level 4. Regarding efficiency, head extension increased vallecular residue 

for IDDSI level 0 (p = .008) and IDDSI level 4 (p < .001), and also raised pyriform 

sinus residue for IDDSI level 4 (p = .002). Head rotation increased vallecular 

residue (p = .041; p = .031) Conclusion: Findings reinforce the chin tuck’s role 

in enhancing airway protection, especially with thin liquids. Conversely, head 

extension and rotation may compromise swallowing safety and efficiency, 

suggesting the need for individualized compensatory strategies in pwHNC. 

 

Keywords: Postural maneuvers; Swallowing disorders; Swallowing; Head and 

Neck Cancer; Fiberoptic Endoscopic Evaluation of Swallowing. 
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3. Introduction 

Head and neck cancers (HNC) are among the most common malignancies 

worldwide, with an estimated annual incidence of 660,000 to 890,000 new cases 

and more than 325,000 deaths (Bray et al., 2020; Gordon & Reiter, 2015; 

Gormley et al., 2022; Govender et al., 2017; Sung et al., 2021). Tumors of the 

oral cavity are the most prevalent globally, representing approximately 40–50% 

of all HNC cases, while HNC of the laryngeal subsite represents 15-25%, and 

HNC of the pharyngeal subsite (including nasopharyngeal, oropharyngeal, and 

hypopharyngeal subsites) collectively represent around 25-35% (Shield et al., 

2017; Gatta et al., 2023). These distributions show substantial geographical 

variability in prevalence, anatomical patterns, and associated risk factors (Baijens 

et al., 2020; Gatta et al., 2023; Shield et al., 2017; Sung et al., 2021). 

In Portugal, according to GLOBOCAN 2022, approximately 3,066 new HNC 

cases and 1,339 deaths were reported, with oral cavity and laryngeal cancers 

being the most frequent (Ferlay et al., 2024). Although HNC represent a relatively 

small proportion of total cancer cases nationally, they constitute a significant 

public health concern, particularly among males and populations with high 

tobacco and alcohol consumption. Etiologically, oral cavity cancers remain 

strongly associated with tobacco and alcohol use, oropharyngeal cancers show 

an increasing burden linked to HPV infection, and nasopharyngeal carcinoma 

displays an endemic distribution related to Epstein–Barr virus infection (Bray et 

al., 2020; Bizri et al., 2023; Gormley et al., 2022; Johnson et al., 2020; Sung et 

al., 2021). 

Among the complications of HNC, swallowing disorders are highly prevalent, 

affecting 60-75% of people with HNC (pwHNC) (Govender et al., 2017). They 

may result from HNC-related burden, which may stem from the tumor itself, but 

are predominantly iatrogenic, resulting from oncological interventions, including 

surgery, radiotherapy (RT), or chemo-radiotherapy (CRT) (Barbon et al., 2020; 

Govender et al., 2024). Surgical resections may compromise key structures for 

chewing and swallowing, whereas (C)RT can lead to acute toxicities such as 

fatigue, mucositis and xerostomia, as well as late toxicities including fibrosis, 
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muscle atrophy, reduced oropharyngeal sensitivity, osteoradionecrosis, and 

neuropathy, all of which can compromise swallowing biomechanics (Barbon et 

al., 2020; Chen et al., 2020; Chiu et al., 2022; Govender et al., 2024; Grover & 

Sinha, 2020; Langmore & Krisciunas, 2010). The consequences are clinically 

significant, encompassing malnutrition, dehydration, aspiration pneumonia, and 

negative psychosocial outcomes, such as isolation and depression (Ekberg, 

2019; Govender et al., 2017; Huppertz et al., 2018). 

Structural loss or peripheral nerve injury resulting in paresis or paralysis can 

severely disrupt swallowing, affecting bolus control, pharyngeal propulsion, 

laryngeal elevation, and airway protection, particularly after surgical resection or 

oncological treatment for head and neck cancer (Pauloski, 2008; Clarke et al., 

2016). These deficits increase the risk of penetration and aspiration due to 

impaired neuromuscular coordination and reduced airway closure. In response, 

compensatory strategies, such as postural maneuvers (e.g., chin-down, head 

extension and head rotation) are widely used to guide bolus flow, support 

remaining swallowing function, and protect the airway, without repairing the 

underlying anatomical deficits (Logemann et al., 1989; Clarke et al., 2016). 

Although these interventions are compensatory, they may play a crucial role in 

managing swallowing disorders in pwHNC with impaired lower airway protection 

by addressing the functional consequences of structural loss or peripheral 

paresis and reducing aspiration risk. (Clarke et al., 2016). 

Critical care pathways and structured rehabilitation programs have been 

shown to improve clinical outcomes in pwHNC undergoing interventions, 

including reduced post-operative complications and shorter hospital stays 

(Gordon & Reiter, 2015; Moreno & Bonilla-Velez, 2019). Nonetheless, post-

intervention in swallowing disorders remains a significant challenge, as 

adherence to prescribed swallowing exercises is often limited, despite their 

proven benefits for long-term functional recovery (Govender et al., 2017, 2024).  

A limited but growing body of literature suggests that compensatory 

swallowing strategies, particularly postural maneuvers, may provide an important 

short-term contribution to enhancing swallowing safety and efficiency following 
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HNC interventions (Ambiado-Lillo, 2025; Kelly et al., 2019; Kumai et al., 2019; 

Logemann et al., 1994). Evidence suggests that specific maneuvers (e.g., chin 

tuck, head extension, head rotation) may have a positive effect on swallowing 

functionality (Ambiado-Lillo, 2025; Kelly et al., 2019; Kim et al., 2015; Kumai et 

al., 2019; Lee et al., 2018; Logemann et al., 1994; Solazzo et al., 2012; Terré & 

Mearin, 2012). Such strategies can facilitate safer and more effective bolus 

transit, supporting pwHNC in maintaining oral intake during the early stages of 

rehabilitation (Ertekin et al., 2001; Govender et al., 2017, 2024). Postural 

maneuvers may also serve as a valuable complement to structured rehabilitation, 

bridging the gap between acute post-intervention impairments and long-term 

functional recovery while supporting behavioral and exercise-based interventions 

aimed at enhancing patient adherence and outcomes (Govender et al., 2017; 

Gordon & Reiter, 2015; Van der Molen et al., 2018; Van den Steen et al., 2020; 

Zhang et al., 2022). 

Some studies suggest that maneuvers such as chin tuck, head rotation, and 

head extension can reduce penetration and aspiration in people with neurogenic 

swallowing disorders, although effectiveness varies considerably across 

individuals (Ambiado-Lillo, 2025; Lee et al., 2018; Solazzo et al., 2012; Terré & 

Mearin, 2012). Furthermore, physiological studies in healthy volunteers also 

demonstrate that head and neck positioning significantly change muscular 

coordination and pharyngeal pressure events, supporting a mechanistic rationale 

for their clinical application (Ertekin et al., 2001; Kim et al., 2015).  

Despite the encouraging findings about the positive effects of postural 

maneuvers in swallowing safety and efficiency, a recent systematic review also 

emphasized the substantial methodological heterogeneity and limited sample 

sizes of these studies (Ambiado-Lillo, 2025; Kelly et al., 2019). Findings also 

show that postural maneuvers may reduce aspiration risk in a certain subgroup 

of patients, although their effectiveness varies according to the underlying 

swallowing biomechanics and etiology-specific mechanisms. Neurogenic cohorts 

show moderate, selective benefits, particularly for chin-tuck (Ambiado-Lillo, 2025; 

Saconato et al., 2016; Ayres et al., 2017; Forbes et al., 2021). Overall, current 
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literature supports the role of postural maneuvers as rapid, low-cost 

compensatory strategies in neurogenic swallowing disorders, while also 

highlighting the need for more rigorous and standardized research designs.  

Conversely, the literature addressing HNC populations is scarce. To our 

knowledge, one of the few published studies demonstrated that postural 

maneuvers, including chin tuck, head rotation, and head extension, can reduce 

the risk of aspiration during swallowing in pwHNC who underwent surgical 

treatment (n = 32). Among these maneuvers, the chin tuck was the most 

consistently effective across various surgical subgroups, whereas head rotation 

showed variable effectiveness, and head extension proved beneficial in a small 

subgroup involving the oral cavity subsite (n = 3). These findings suggest that 

targeted postural maneuvers may acutely facilitate safe oral intake (Logemann et 

al., 1994).  

Complementary evidence from surgical oncology cohorts, such as people 

undergoing esophagectomy, indicates that maneuvers like chin-tuck may reduce 

airway invasion and pharyngeal residue in cases with impaired airway closure, 

further supporting a mechanism-specific benefit (Kumai et al., 2019).  

Although postural maneuvers are widely used, the current body of evidence 

on postural maneuvers in pwHNC is methodologically limited and should be 

interpreted with caution. Common limitations across studies include small sample 

sizes, heterogeneous populations, non-randomized designs, and absence of 

blinded evaluation, all of which compromise internal and external validity. 

Furthermore, there is considerable variability in bolus volumes, consistencies, 

instrumental assessment methods (e.g., videofluoroscopic swallowing study 

[VFSS] or fiberoptic endoscopic evaluation of swallowing [FEES]) and 

administration protocols, as well as inconsistent use of standardized outcome 

measures, which obscures the independent effect of any specific posture 

(Ambiado-Lillo, 2025). Many studies combine multiple maneuvers and focus 

predominantly on short-term physiological outcomes, limiting both interpretability 

and conclusions regarding long-term functional benefits. Taken together, while 

postural maneuvers hold promise as compensatory strategies, their clinical utility 
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in pwHNC remains insufficiently defined, highlighting the need for high-quality, 

population-specific studies to establish efficiency and sustained functional 

improvement. 

Overall, the literature supports individualized, mechanism-guided trials 

during instrumental assessment, while highlighting the need for larger, controlled, 

blinded studies in pwHNC with standardized bolus protocols and clinically 

meaningful outcomes (Ambiado-Lillo, 2025). Although previous studies have 

explored individualized, mechanism-guided trials during instrumental swallowing 

assessment, they are often limited by small sample sizes, lack of control groups, 

and heterogeneous bolus protocols. Taken together, these limitations hinder the 

generalizability of findings and the accuracy of evidence-based 

recommendations in pwHNC with swallowing disorders. The present study aims 

to address these gaps by systematically evaluating the effect of different postural 

maneuvers on swallowing safety and efficiency, using standardized assessment 

procedures and outcome measures in pwHNC with swallowing disorders.  

4. Methods 

4.1. Study design  

An analytical cross-sectional observational study was conducted.  

4.2. Participants 

A total of 48 pwHNC were included in this study, selected by convenience, 

using a non-probabilistic sampling technique. Participants were eligible according 

to the following inclusion criteria: (i) diagnosis of HNC established by an Ear, 

Nose and Throat (ENT) physician; and (ii) diagnosis of swallowing disorders 

established based on Fiberoptic Endoscopic Evaluation of Swallowing (FEES) by 

an ENT physician and a Speech Language Pathologist (SLP). Those meeting 

these inclusion criteria were subsequently screened for exclusion criteria, which 

encompassed: (i) concomitant causes of swallowing disorders (e.g., stroke, 

traumatic brain injury, chronic obstructive pulmonary disease); (ii) total 

laryngectomy; or (iii) cognitive impairment, with efforts to address potential 

sources of bias. To ensure that participants had the cognitive ability to understand 
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how to perform the task, cognitive status was screened using the Mini-Mental 

State Examination (MMSE), applying literacy-adjusted cutoff scores (O’Connor et 

al., 1989; Santana et al., 2016).  

4.3. Sample size 

Previous studies that evaluated the effects of postural maneuvers on 

swallowing function in multiple populations with swallowing disorders have 

typically included small to moderate sample sizes, ranging from 20 to 47 

participants (Lee et al., 2018; Logemann et al., 1994; Terré & Mearin, 2012; 

Kumai et al., 2019).  

To ensure adequate statistical power for the analyses to detect meaningful 

effects in the current study, a formal sample size calculation was performed by 

using GPower 3.1. Based on one-way repeated-measures ANOVA, a significance 

level of α = .05, a statistical power of .80 (1-β error probability), and a medium 

effect size (f = .25), a minimum of 21 participants (n = 21) was required to detect 

statistically significant differences in the primary outcomes.  

This study included 48 participants to strengthen the reliability and 

robustness of the findings, increase statistical power, improve the precision of 

estimates, enhance the generalizability of the results, and reduce the impact of 

potential participant dropout. 

To determine the required sample size for a mixed ANOVA with two groups 

and two measurements with a significance level of α = .05, a statistical power of 

.80 (1-β error probability), a medium effect size (f = .25), and an assumed 

correlation of .50 between repeated measures, the analysis indicated that a total 

sample size of 98 participants would be necessary. However, recruiting this 

number for this study was not feasible due to logistical constraints of the HEM-

ULSLO and the project timeline. 

4.4. Settings 

All participants were recruited through the Head and Neck Cancer clinic of 

the ENT Department at Hospital de Egas Moniz (HEM), Unidade Local de Saúde 

de Lisboa Ocidental (ULSLO). The principal investigator (SLP-GB) contacted 
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potential participants via telephone and e-mail to provide detailed information 

about the study’s objectives and procedures. Written informed consent was 

subsequently obtained from all participants before their inclusion in the study, who 

were provided with a study information sheet.  

4.5. External raters 

Two external raters (ENT-FC and ENT-SC) were recruited to blindly assess 

participants’ swallowing safety and efficiency using the primary outcome 

measures. The selection of raters was based on the following criteria: (i) being a 

SLP or an ENT physician; (ii) more than five years of clinical experience in the 

field of swallowing disorders; (iii) specific training in swallowing disorders; (iv) at 

least five years of experience in FEES; and (v) at least five years of clinical 

experience in HNC.  

4.6. Study procedures 

Each participant underwent a FEES, performed by the team of ENT 

physicians following the study protocol, with food trials administered by the SLP 

(GB). FEES was chosen for this study due to its established utility in both clinical 

and research contexts, allowing direct visualization of pharyngeal and laryngeal 

structures and thorough assessment of airway protection and bolus flow, which 

is particularly relevant for analyze the effects of postural maneuvers on 

swallowing safety and efficiency.  

FEES were performed using the VIVIDEO Video ENT Endoscope [VNL9-

CP], HD (CP Series), with an outer diameter of 3.3 mm and a working length of 

300 mm (VIVIDEO System). Image recording was conducted using the VIVIDEO 

Pentax Medical CP-1000 system. 

Swallowing was assessed using thin (Level 0) and extremely thick (Level 4) 

liquids according to the International Dysphagia Diet Standardisation Initiative 

(IDDSI). Both liquids were colored with gel food dyes to allow clear differentiation 

during the FEES. The thin liquid (IDDSI level 0) was colored white, using 10 mL 

of white gel dye (Ref.: FAB16010306) per 100 mL of water, while extremely thick 

liquid (IDDSI level 4) was colored green, prepared with Nutilis Clear® thickener 
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(Nutricia, Ref.: 7471672) and 1 mL of green gel dye (Ref.: 191007668) per 100 mL 

of water.  

The liquids were evaluated using the IDDSI Flow Test, a standardized 

method for assessing consistency, before the FEES procedure. A 10 mL IDDSI 

funnel (Steele et al., 2024) was used to perform the test, and each sample 

successfully passed, indicating compliance with the IDDSI criteria. All liquids 

were provided at room temperature to standardize testing conditions. 

Both liquids were administered using an enteral feeding syringe (Ref.: 

C60ML) to ensure precise control of the bolus volume and were introduced into 

the oral cavity, positioned anteriorly, in the anterior region of the tongue. 

Participants were seated in a chair, in an upright position at approximately 90°, 

with the trunk aligned in midline, which was continuously monitored and adjusted 

by the SLP (GB) to maintain standardization throughout the procedure. 

Participants completed three 5 mL swallows per consistency in five postural 

conditions: neutral head position (control), chin tuck, head extension, and head 

rotation to the right and left side (i.e., affected versus unaffected side). The 

sequence of instructions provided by the SLP (GB) for the performance of the 

maneuvers was maintained across all trials.  

The instructions were as: (i) neutral head position - ‘swallow’; (ii) chin tuck 

‘chin to chest - swallow’; (iii) head extension - ‘chin up - swallow’; (iv) head rotation 

to the right - ‘turn your head to the right, chin toward the right shoulder - swallow’; 

and (v) head rotation to the left - ‘turn your head to the left, chin toward the left 

shoulder - swallow’.  

Prior to the FEES, participants practiced the maneuvers under the guidance 

of the SLP (GB) to become familiar with the procedures.  

At an initial stage, all postural maneuvers were tested in the previously 

described order, with three 5 mL boluses of thin liquid (IDDSI level 0) 

administered for each maneuver. After completing all trials with IDDSI level 0, all 

maneuvers were tested again in the same order, with three 5 mL boluses of 

extremely thick liquid (IDDSI level 4) administered per maneuver. A rest period of 
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30 seconds was provided between each swallowing attempt to minimize fatigue 

and ensure consistency across conditions.  

Figure 1 provides a schematic representation of the procedures followed 

throughout the study.  

 

 

 

 

 

 

 

 

Figure 1. Flowchart of study procedures. Note: R = Right; L = Left. 

Outcomes measures were independently scored using visual analysis of 

FEES recordings by two external raters (ENT-FC and ENT-SC) to verify the 

stability and reliability of measurements. The result of the worst trial was 

considered for each condition, defined as the swallow showing the poorest 

functional performance based on the primary outcome measures. Both raters 

were blinded to the participant and postural maneuver and accessed FEES 

recordings through password-protected secure links, which allowed visualization 

only of the relevant anatomical structures (e.g., base of the tongue, epiglottis, 

valleculae, arytenoids, pyriform sinuses, laryngeal vestibule, vocal folds, 

pharyngeal walls, and upper esophageal sphincter).  

Data collection was conducted between March and August 2025 at the ENT 

Department of HEM-ULSLO during scheduled clinical visits. Data confidentiality 

was ensured through storage in a password-protected institutional database with 

restricted access. Each participant was assigned a unique code (e.g., P-001), 

guaranteeing anonymity. All analyses were performed under blinded conditions 

             Phase 1 -   

Neutral head position 

Chin tuck 

Head extension 

Head rotation to R 

Head rotation to L 

3 x 5 mL trials 

3 x 5 mL trials 

3 x 5 mL trials 

3 x 5 mL trials 

3 x 5 mL trials 

   Phase 2 - 

Neutral head position 

Chin tuck 

Head extension 

Head rotation to R 

Head rotation to L 

3 x 5 mL trials 

3 x 5 mL trials 

3 x 5 mL trials 

3 x 5 mL trials 

3 x 5 mL trials 

30 seconds rest period 

30 seconds rest period 

30 seconds rest period 

30 seconds rest period 

30 seconds rest period 

30 seconds rest period 

30 seconds rest period 

30 seconds rest period 
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to ensure that participants could not be identified. The study protocol was 

reviewed and approved by the Health Ethics Committee of ULSLO [n.º 2025-9]. 

4.7. Instruments  

Through a sociodemographic and clinical data collection form, relevant 

information was collected to characterize the sample (e.g., sex, age, location, and 

staging of HNC, type of intervention: surgery, CRT or RT, presence or absence 

of allergies, and feeding-related issues such as swallowing disorders, and oral 

versus enteral feeding). 

Cognitive screening was conducted using the Mini-Mental State 

Examination (MMSE) to ensure that participants could understand instructions 

for performing the postural maneuvers. The MMSE serves as a cognitive 

screening tool, assessing six cognitive domains: (i) orientation; (ii) repetition, (iii) 

verbal recall; (iv) attention and calculation; (v) language; and, (vi) 

visuospatial/constructional ability, and takes approximately 5-10 minutes to 

complete (O’Connor et al., 1989; Guerreiro et al., 1994; Santana et al., 2016). 

Literacy-adjusted cutoff scores were applied in accordance with the Portuguese 

normative adaptations (Santana et al., 2016). 

4.8. Primary Outcomes 

The Penetration-Aspiration Scale (PAS) is a standardized 8-point ordinal 

scale used to characterize laryngeal-tracheal penetration and aspiration, as well 

as the response to material entering the airway. It was originally developed for 

videofluoroscopic swallow studies (Rosenbek et al., 1996) and has also been 

applied during FEES in later research (Butler et al., 2015). Scores range from 1 

(material does not enter the airway) to 8 (material passes below the vocal folds 

with no attempt to eject), with lower scores reflecting less penetration and 

aspiration. The PAS has demonstrated acceptable intra- and inter-rater reliability 

(Borders & Brakes, 2020; Rosenbek et al., 1996). 

The Yale Pharyngeal Residue Severity Rating Scale (YPRSRS) is a 

standardized 5-point ordinal scale used to assess the severity of post-swallow 

residue during FEES, specifically in the vallecula and pyriform sinuses, based on 
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imaging. Scores range from 1 (none) to 5 (severe), with lower scores indicating 

less severe post-swallow residue, whereas higher scores indicate more severe 

residue. The YPRSRS demonstrates excellent intra- and inter-rater reliability 

(Neubauer et al., 2015; Silva-Carvalho et al., 2024).  

4.9. Bias 

Efforts to minimize potential sources of bias included the use of blinded 

external raters for primary outcome measures, the provision of standardized 

protocol instructions, and the consistent execution of postural maneuvers (e.g., 

controlling participant posture throughout FEES), and standardized trials of bolus 

volumes and consistencies. All FEES recordings were evaluated independently, 

with raters having no access to participant identity or the specific postural 

maneuver. Additionally, cognitive screening using the MMSE was conducted to 

ensure that all participants were able to reliably follow instructions, thereby 

minimizing variability related to differences in task comprehension (e.g., in the 

execution of the postural maneuvers). Participants also underwent prior training 

regarding the performance of the maneuvers. All procedures were performed by 

SLP-GB to ensure greater consistency in their execution.  

4.10. Data analysis 

Statistical analyses were performed using the IBM SPSS Statistics 30.0.0 

for Windows. Data analysis comprised both descriptive and inferential statistics. 

Descriptive statistics were performed to characterize sociodemographic and 

clinical data of participants, including sex, age, HNC location and staging, type of 

intervention (e.g., surgery, CRT, or RT) and swallowing-related variables such as, 

oral versus enteral feeding (e.g., nasogastric tube [NGT]; or percutaneous 

endoscopic gastrostomy [PEG]).  

Inferential analyses were conducted by using repeated-measures ANOVA 

to compare the total mean scores across primary outcome measures (i.e., PAS 

and YPRSRS), and to evaluate the effect of postural maneuvers on swallowing 

safety and efficiency. The within-subject factor was the postural maneuvers, with 

levels corresponding to the different maneuvers being compared (e.g., neutral 
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head position; chin tuck, head extension; head rotation to the right and left side). 

Post-hoc comparisons were adjusted by using the Sidak correction to control for 

multiple pairwise comparisons (Field, 2018; Tabachnick & Fidell, 2019; Sidak, 

1967).   

A mixed-designed ANOVA was performed to assess the effect of head 

rotation direction and the laterality of the primary tumor on swallowing safety and 

efficiency. The within-subjects factor was the rotation direction (e.g., neutral head 

position, head rotation to the right and left side), and the between-subjects factor 

was the HNC location (e.g., affected and unaffected side).  

Inter-rater reliability was assessed using the Weighted Kappa coefficient to 

account for partial agreement between raters (Cohen, 1968). Cohen’s Kappa 

coefficient (κ) was interpreted according to Landis and Koch (1977), where values 

< 0 indicate poor agreement, 0-.20 slight agreement, .21-.40 = fair agreement, 

.41-.60 moderate agreement, .61-.80 substantial agreement, and .81-1.00 almost 

perfect agreement. 

Regarding the analysis of the effect of postural maneuvers using repeated-

measures ANOVA, when Mauchly’s test indicated a violation of sphericity, 

Greenhouse-Geisser corrections were applied, providing a robust measure of 

agreement across the primary outcome measures.  

All analyses included the entire sample (n = 48), except for those assessing 

the effects of head rotation maneuvers and the HNC laterality (e.g., affected and 

unaffected sides) on swallowing safety and efficiency. Given that most 

participants underwent bilateral radiotherapy, they were grouped according to the 

laterality of the primary tumor, with pwHNC presenting bilateral tumors (n = 6) 

excluded from these analyses. Only participants with a clear unilateral primary 

tumor were included in this analysis (n = 42). 

A significance level of p < .05 and a 95% confidence interval were adopted 

for all statistical analyses. 
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5. Results 

5.1. Descriptive data 

Forty-eight pwHNC were enrolled in this study, of whom 85.4% were male, 

and the majority had tumors located in the larynx, followed by oral cavity, 

oropharynx, hypopharynx, and nasopharynx. Most participants (77.1%) 

presented with advanced-stage HNC (M = 2.74, SD = .95).  

The mean age was 64.96 years, ranging from 37 to 87 years. Regarding 

the type of feeding, 77.1% were receiving oral intake, 12.5% were receiving 

enteral feeding via NGT, and 10.4% via PEG. Concerning surgical interventions, 

64.6% did not undergo any head or neck surgery. Additionally, 87.5% of 

participants underwent RT, with all receiving bilateral irradiation of ≥ 60 grays (Gy) 

delivered over 30-35 sessions, being the standard of 33 RT-sessions. Regarding 

RT, the Tx cases underwent radiotherapy encompassing the entire aerodigestive 

tract, including the nasopharynx, oropharynx, and hypopharynx. All participants 

met the MMSE cognitive screening criteria, scoring above the literacy-adjusted 

cutoff values according to the Portuguese normative data (Santana et al., 2016).  

Table 1 provides a detailed overview of the sample’s sociodemographic 

characteristics. 

Table 1. Sociodemographic characterization of the sample. 

 Participants  

(n = 48) 

Sex n | %  

  Male 41 | 85.4 

  Female   7 | 14.6 

Age n | %  

  Mean ± SD 64.96 ± 10.04 

  Minimum-Maximum 37-87 

Level of education (ISCED classification) n | %  

  Primary school education (0-4) 23 | 47.9 

  Secondary school education (5-12) 21 | 43.8 

  Tertiary education (graduation/postgraduation) 4 | 8.3 

MMSE score n | %  

  Mean ± SD 28.08 ± 2.18 

  MMSE ≥ cutoff 48 | 100 

HNC location n | %  

  Larynx 16 | 33.3 

  Oral cavity 11 | 22.9 
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  Oropharynx 10 | 20.8 

  Hypopharynx   6 | 12.5 

  Nasopharynx 3 | 6.3 

  Unknown 2 | 4.2 

TNM classification n | %  

Tumour n | %  

  Tx 2 | 4.2 

  T1   5 | 10.4 

  T2 13 | 27.1 

  T3 17 | 35.4 

  T4 11 | 22.9 

Nodes n | %  

  N0 21 | 43.8 

  N1   7 | 14.6 

  N2 16 | 33.3 

  N3 4 | 8.3 

Metastasis n | %  

  M0 45 | 93.7 

  M1 3 | 6.3 

Staging n | %  

  Early (i.e., stage I or II) 11 | 22.9 

  Advanced (i.e., stage III or IV) 37 | 77.1 

Surgical intervention n | %   

  None 31 | 64.6 

  Cordectomy 3 | 6.3 

  Pelvectomy 1 | 2.1 

  Pelveglossectomy   9 | 18.8 

  Partial glossectomy 3 | 6.3 

  Maxillectomy 1 | 2.1 

Cervical lymph node dissection n | %  

  Yes 11 | 23.1 

  No 37 | 76.9 

HNC laterality n | %  

  Left 17 | 35.4 

  Right 25 | 52.1 

  Bilateral   6 | 12.5 

Radiotherapy n | %  

  Yes  42 | 87.5 

  No   6 | 12.5 

Feeding mode n | %  

  Oral 37 | 77.1 

  NGT   6 | 12.5 

  PEG   5 | 10.4 

SD = Standard Deviation; ISCED = International Standard Classification of Education; Unknown 
= metastases from an occult primary tumor (Tx). MMSE = Mini-Mental State Examination; HNC 
= Head and Neck Cancer; NGT = Nasogastric tube. PEG = Percutaneous Endoscopic 
Gastrostomy. In pwHNC with oral cavity subsite, 4.2% underwent marginal mandibulectomy with 
pelveglossectomy, and 8.4% received flap reconstruction.   
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5.2. Inter-raters’ reliability 

For PAS with IDDSI level 0, inter-rater agreement was moderate, while for 

PAS with IDDSI level 4, agreement ranged from moderate to substantial. 

Regarding the YPRSRS scores, inter-rater agreement for vallecular residue with 

IDDSI level 0 varied from poor to fair, while pyriform sinuses residue ranged from 

fair to moderate. For IDDSI 4, vallecular residue agreement ranged from fair to 

moderate, and pyriform sinuses residue agreement was moderate.  

Table 2 summarizes the inter-rater agreement for the PAS and YPRSRS at 

IDDSI levels 0 and 4. 

Table 2. Inter-rater agreement for PAS and YPRSRS with IDDSI level 0 and 4. 

Postural maneuvers κ 95% CI p-value Strength of 
agreement 

PAS with IDDSI level 0 

Neutral .561 [.434, .688] <.001 Moderate 

Chin tuck .602 [.482, .721] <.001 Moderate  

Head extension .423 [.287, .558] <.001 Moderate  

Head rotation to R side .461 [.319, .604] <.001 Moderate  

Head rotation to L side  .584 [.451, .718] <.001 Moderate  

PAS with IDDSI level 4 

Neutral .562 [.395, .728] <.001 Moderate 

Chin tuck .558 [.356, .759] <.001 Moderate  

Head extension .579 [.436, .722] <.001 Moderate  

Head rotation to R side .647 [.527, .768] <.001 Substantial 

Head rotation to L side  .693 [.585, .801] <.001 Substantial 

YPRSRS vallecular residue with IDDSI level 0 

Neutral .271 [.060, .482] .001 Fair 

Chin tuck .086 [-.108, .280] .324 Poor 

Head extension .182 [-.019, .383] .032 Poor 

Head rotation to R side .100 [-.0.50, .251] .180 Poor 

Head rotation to L side  .219 [.040, .399] .009 Fair 

YPRSRS pyriform sinuses residue with IDDSI level 0 

Neutral .556 [.403, .708] <.001 Moderate 

Chin tuck .356 [.180, .531] <.001 Fair 

Head extension .329 [.165, .494] <.001 Fair 

Head rotation to R side .284 [.099, .468] .002 Fair 

Head rotation to L side  .252 [.035, .468] .006 Fair 

YPRSRS vallecula residue with IDDSI level 4 



 

 

 

 

 

26 

 

Neutral .385 [.221, .549] <.001 Fair 

Chin tuck .314 [.143, .486] <.001 Fair 

Head extension .415 [.257, .572] <.001 Moderate 

Head rotation to R side .323 [.163, .483] <.001 Fair 

Head rotation to L side  .376 [.220, .532] <.001 Fair 

YPRSRS pyriform sinuses residue with IDDSI level 4 

Neutral .456 [.292, .621] <.001 Moderate 

Chin tuck .477 [.264, .689] <.001 Moderate 

Head extension .543 [.406, .608] <.001 Moderate 

Head rotation to R side .594 [.434, .573] <.001 Moderate 

Head rotation to L side .514 [.339, .690] <.001 Moderate 

κ = Cohen’s Kappa coefficient. Interpretation according to Landis and Koch (1977); CI = 
Confidence Interval; PAS = Penetration-Aspiration Scale; IDDSI = International Dysphagia Diet 
Standardisation Initiative; YPRSRS = Yale Pharyngeal Residue Severity Rating Scale; R = Right 
side; L = Left side. 

 

5.3. Swallowing safety  

5.3.1 Thin liquid (IDDSI level 0) 

Analysis revealed a significant effect of postural maneuvers on swallowing 

safety for IDDSI level 0, F(3.38, 158.89) = 13.99, p < .001, η² = .229. Post-hoc 

pairwise comparisons with Sidak correction indicated that the neutral head 

position differed significantly from both the chin tuck (p = .046) and head 

extension (p = .002) maneuvers (Table 3).  

Considering only the comparisons involving the neutral head position for 

PAS with thin liquid (IDDSI level 0), statistically significant differences were 

observed in two anatomical locations. In pwHNC involving the hypopharynx, 

swallowing safety has significantly improved in the chin tuck compared to the 

neutral head position (p = .031). In pwHNC involving the larynx, a significant 

negative difference was also observed between the neutral head position and 

head extension (p = .003).  In the remaining anatomical subsites, no statistically 

significant differences were observed (Supplementary Table S1). 

No significant differences were observed between head rotation when 

compared to the neutral head position, considering the affected and unaffected 

sides. 
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5.3.2 Extremely thick liquid (IDDSI level 4) 

For IDDSI level 4, the analyses also showed a significant effect of postural 

maneuvers, F(4, 188) = 6.44, p < .001, η² partial = .120. Nevertheless, no Sidak-

adjusted pairwise comparisons, relative to the neutral head position, reached 

statistical significance. No statistically significant differences were observed when 

comparing the postural maneuvers to the neutral head position across HNC 

subsites (Supplementary Table S1).  

Table 3 presents the effects of different postural maneuvers on swallowing 

safety across both IDDSI levels. The reported values are based on pairwise 

comparisons between the maneuvers. 

Table 3. Effect of postural maneuvers on swallowing safety across both IDDSI levels. 

Postural maneuvers IDDSI  Mean ± SD t 
(Sidak) 

MD [95% CI] p-value 

Neutral Level 0 4.22 ± 1.99 __ __ __ 
Level 4 2.02 ± 1.69 

Chin tuck Level 0 3.76 ± 2.11 .155 .458 [.004, .912] .046* 
Level 4 1.73 ± 1.42 .114 .292 [-.044, .627] .131 

Head extension Level 0 4.88 ± 1.85 .165 -.656 [-1.140, -.173] .002* 
Level 4 2.24 ± 1.71 .132 -.219 [-.607, .170] .669 

Head rotation to R  Level 0 4.47 ± 1.96 .160 -.250 [-1.140, -.173] .739 
Level 4 2.04 ± 1.63 .112 -.021 [-.351, .309] 1.000 

      Affected side Level 0 4.44 ± 1.62 .233 -.280 [-.971, .411] .933 
 Level 4 1.92 ± 1.50 .161 -.020 [-.496, .456] 1.000 
      Unaffected side Level 0 4.41 ± 2.20 .265 -.480 [-1.265, .305] .554 
 Level 4 2.12 ± 1.92 .177 -.160 [-684, .364] .990 
Head rotation to L Level 0 4.44 ± 2.10 .188 -.219 [-.772, .334] .945 

Level 4 2.11 ± 1.63 .130 -.094 [-.477, .289] .998 
      Affected side Level 0 4.12 ± 2.41 .321 -.059 [-1.011, .893] 1.000 

 Level 4 2.18 ± 2.02 .214 -.147 [-.782, .488] .999 
      Unaffected side Level 0 4.64 ± 1.64 .213 -.353 [-1.191, .485] .916 

 Level 4 2.06 ± 1.46 .195 -.088 [-.666, .489] 1.000 

IDDSI = International Dysphagia Diet Standardisation Initiative; SD = Standard Deviation; MD = 
Mean Diference; R = Right side; L = Left side. Note: Pairwise comparisons were performed using 
the Sidak adjustment for multiple comparisons. Values represent mean differences, test statistics 
(t), and adjusted p-values relative to the neutral head position (control). For the mixed-designed 
ANOVA analyzing head rotation toward the affected and unaffected sides, participants were 
categorized based on tumor laterality: left-sided HNC (n = 17) and right-sided HNC (n = 25).  

5.4. Swallowing efficiency 

5.4.1 Thin liquid (IDDSI level 0) 

For YPRSRS vallecular residue with IDDSI level 0, the repeated-measures 

ANOVA revealed a significant main effect of postural maneuvers, F(4, 188) = 

4.26, p = .003, η² partial = .083. Sidak-adjusted pairwise comparisons showed a 
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significant negative difference for head extension compared to neutral head 

position (p = .008), whereas no other comparisons were significant (Table 4). 

For YPRSRS pyriform sinus residue with IDDSI 0, a significant effect was 

also observed, F(2.93, 137.70) = 6.82, p = .003, η² partial = .093. Nonetheless, 

sidak-adjusted comparisons did not reach statistical significance relative to the 

neutral head position (Table 4). No statistically significant differences were 

observed in YPRSRS vallecular residue across postural maneuvers and HNC 

subsites (Supplementary Table S1).  

Conversely, significant differences were observed for YPRSRS pyriform 

sinuses residue. In pwHNC involving the laryngeal subsite, head extension was 

associated with higher residue scores compared to the neutral head position (p 

= .021). No significant differences were observed in other HNC subsites across 

postural maneuvers relative to the neutral head position (Supplementary Table 

S1). 

5.4.2 Extremely thick liquid (IDDSI level 4) 

For YPRSRS with IDDSI level 4, repeated-measures ANOVA with 

Greenhouse-Geisser corrections revealed a significant main effect of postural 

maneuvers on vallecular, F(2.52, 188.86) = 11.43, p < .001, η² partial = .196, and 

pyriform sinuses residue, F(3.37, 158.54) = 7.87, p < .001, η² partial = .143). 

Sidak-adjusted pairwise comparisons suggest that head extension (p < .001) and 

head rotation to the right (p = .041) and to the left (p = .031) resulted in a 

significant negative effect, increasing vallecular residue compared to neutral 

head position and chin tuck (Table 4).  

Significant statistical effects were observed across anatomical HNC 

subsites (Supplementary Table S1). In pwHNC involving laryngeal and oral cavity 

subsite, head extension led to higher vallecular residue compared to neutral head 

position (p = .009; and, p = .041; respectively).  

For pyriform sinuses residue, a significant main effect was observed, 

F(3.37, 158.54) = 7.87, p < .001, η² partial = .143. Sidak-adjusted comparisons 

revealed that head extension increased residue relative to the neutral head 
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position (p = .002), with significant differences observed in pwHNC involving 

laryngeal subsite (p = .042), where head extension led to higher residue 

compared to the neutral head position. No significant differences were observed 

in the other anatomical subsites of HNC (Supplementary Table S1).  

Table 4 presents the YPRSRS scores for vallecular and pyriform sinus 

residue for both IDDSI levels. 

Table 4. YPRSRS scores for vallecular and pyriform sinuses residue for both IDDSI levels. 

Postural maneuvers IDDSI Mean ± SD t 
(Sidak) 

MD [95% CI] p-value 

YPRSRS score for vallecular residue 
Neutral Level 0 2.27 ± 0.62  __ __ __ 

Level 4 2.51 ± 0.91  
Chin tuck Level 0 2.35 ± 0.53 .056 -.083 [-.249, .082] .794 

Level 4 2.51 ± 0.93  .080 .000 [-.235, .235] 1.000 
Head extension Level 0 2.47 ± 0.58  .055 -.198 [-.360, .036] .008* 

Level 4 2.99 ± 0.96 .100 -.479 [-.772, -.186] <.001* 
Head rotation to right Level 0 2.39 ± 0.59 .048 -.115 [-.255, .025] .184 

Level 4 2.84 ± 0.92 .111 -.333 [-.659, -.008] .041* 
      Affected side Level 0 2.42 ± 0.49 .068 -.060 [-.263, .143] .992 
 Level 4 2.86 ± 0.99 .149 -.420 [-.863, .023] .073 
      Unaffected side Level 0 2.41 ± 0.59 .081 -.040 [-.279, .199] 1.000 
 Level 4 2.76 ± 0.83 .138 -.520 [-.928, -.112] .005* 
Head rotation to left Level 0 2.43 ± 0.49  .062 -.156 [-.337, .025] .137 

Level 4 2.85 ± 0.99 .111 -.344 [-.668, -.019] .031* 
      Affected side Level 0 2.47 ± 0.60 .098 -.294 [-.584, -.005] .044* 
 Level 4 2.56 ± 0.97 .167 .029 [-.465, .524] 1.000 
      Unaffected side Level 0 2.40 ± 0.43 .083 -.206 [-.452, .040] .162 
 Level 4 2.96 ± 0.99 .181 -.176 [-.713, .360] .983 
YPRSRS score for pyriform sinuses residue 
Neutral Level 0 2.10 ± 0.88 __ __ __ 
 Level 4 1.82 ± 0.90     
Chin tuck Level 0 2.07 ± 0.76  .078 .031 [-.198, .260] 1.000 
 Level 4 1.76 ± 0.89  .090 .063 [-.202, .327] .999 
Head extension Level 0 2.32 ± 0.75 .083 -.219 [-.462, .024] .106 
 Level 4 2.24 ± 1.14  .105 -.417 [-.724, .110] .002* 
Head rotation to right Level 0 2.23 ± 0.74  .075 -.125 [-.346, .096] .663 
 Level 4 1.98 ± 1.04  .094 -.156 [-.433, .121] .668 
      Affected side Level 0 2.18 ± 0.63 .100 -.120 [-.417, .177] .934 
 Level 4 1.82 ± 0.83 .119 -.140 [-.492, .212] .941 
      Unaffected side Level 0 2.26 ± 0.92 .123 -.160 [-.526, .206] .896 
 Level 4 2.21 ± 1.28 .131 -.240 [-.628, .148] .537 
Head rotation to left Level 0 2.26 ± 0.64  .088 -.156 [-.416, .103] .580 
 Level 4 2.02 ± 1.07 .096 -.198 [-.327, .202] .370 
      Affected side Level 0 2.26 ± 0.81 .150 -.147 [-.591, .296] .982 
 Level 4 2.12 ± 1.18 .159 -.265 [-.735, .205] .663 
      Unaffected side Level 0 2.22 ± 0.54 .121 -.147 [-.507, .213] .929 
 Level 4 1.92 ± 0.99 .144 -.353 [-.780, .074] .174 

SD = standard deviation; MD = mean diference. Note: Pairwise comparisons were performed 
using the Sidak adjustment for multiple comparisons. Values represent mean differences, test 
statistics (t), and adjusted p-values relative to the neutral head position (control). 
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6. Discussion 

The present study aimed at investigating the effect of postural maneuvers on 

swallowing safety and efficiency in pwHNC. 

6.1. Reliability 

Inter-rater agreement analyses indicated that PAS scores demonstrated 

higher reliability than YPRSRS measures. Overall, these findings suggest that 

inter-rater reliability improves with bolus thickness and is generally higher for PAS 

than for YPRSRS measures.  

Previous studies have highlighted variability in the reliability of residue 

assessments in swallowing evaluation (Alkhuwaiter et al., 2021; Everton et al., 

2022; Krishnan et al., 2024; Rocca et al., 2022, 2025). In this study, the weakest 

inter-rater reliability was observed for external raters assessing residue with 

IDDSI level 0. Specifically, lower agreement for vallecular and pyriform sinuses 

residue at this level may have been influenced by the white coloration of the bolus 

and the presence of whitish secretions following RT, which could have hindered 

accurate visualization and scoring of the YPRSRS. These findings of higher PAS 

reliability compared to the YPRSRS are consistent with Rocca et al. (2025), who 

reported greater inter-rater agreement for PAS when assessing thicker boluses. 

Thicker boluses (IDDSI level 4) are generally more visible and easier to control, 

making them less susceptible to premature spillage into the pharynx compared 

with thin liquids (IDDSI level 0), which facilitates more accurate scoring (Steele & 

Cichero, 2014; Steele et al., 2015).  

Regarding differences in agreement between the vallecular and pyriform 

sinuses, vallecular residue may be particularly affected by post-RT secretions, 

making residue difficult to distinguish due to the similar white coloration (IDDSI 

level 0). Pyriform sinuses, in addition to these visibility challenges, may present 

further difficulties, including reduced visibility from post-surgical or post-RT 

edema and anatomical deformations caused by the tumor itself (Chen & Hudgins, 

2013; Queija et al., 2020). Understanding these limitations is critical for improving 

the consistency and accuracy of residue assessment across raters. 
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6.2. Swallowing safety 

Postural maneuvers had a significant effect on swallowing safety. According 

to Cohen’s (1988) guidelines, the effect was large for IDDSI level 0 (η² = .229) 

and moderate (η² = .120) for IDDSI level 4.  

The results suggest that the chin tuck improves swallowing safety relative 

to the neutral head position, whereas head extension reduces swallowing safety 

with IDDSI level 0. In pwHNC involving the hypopharyngeal subsite, chin tuck 

improved swallowing safety by reducing PAS scores, while head extension 

increased PAS scores relative to the neutral head position in pwHNC involving 

the laryngeal subsite.   

Physiologically, chin-tuck brings the epiglottis closer to the posterior 

pharyngeal wall and approximates it to the laryngeal vestibule, narrowing the 

airway entrance and facilitating bolus containment in the oral cavity. This postural 

adjustment promotes earlier airway closure, optimizes hyoid and laryngeal 

elevation, and modulates the temporal sequence of swallowing events, reducing 

premature posterior spillage of thin liquids (Ayres, Silva, & Lima, 2017; Forbes, 

Young, & Macrae, 2021). Building upon these anatomical and physiological 

effects, it is important to note that thin liquids are more susceptible to flow rapidly 

to the pharynx and enter in the airway, suggesting that postural maneuvers such 

as the chin tuck may play a crucial role in reducing the likelihood of posterior 

spillage, improving short-term swallowing safety (Lee et al., 2023; Leigh et al., 

2014; Oh et al., 2022; Park et al., 2021; Steele et al., 2015). 

Conversely, head extension increases the volume of the oropharyngeal 

space, which accelerates bolus flow and compromises both oral and pharyngeal 

control (Lazarus et al., 1993; Logemann et al., 1994). This posture can 

particularly impair bolus containment with thin liquids (IDDSI level 0), increasing 

the likelihood of premature posterior spillage. Additionally, during head extension, 

reduced hyolaryngeal excursion, delayed laryngeal elevation, and airway closure 

further increase the risk of penetration and aspiration, facilitating inadvertent 

entry of the bolus into the airway (Steele & Cichero, 2014; Steele & Van Lieshout, 

2005). This effect may be related to the fact that head extension stretches the 
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pharyngeal musculature, potentially limiting the ability to generate an effective 

pharyngeal contraction and airway protection (Ambiado-Lillo, 2025; Ertekin et al., 

2001; Kelly et al., 2019; Barbon et al., 2020). 

For IDDSI level 4, no significant differences were observed, suggesting that 

postural maneuvers did not have a significant effect on PAS scores in pwHNC 

with a thickened consistency, regardless of the HNC subsite.   

The present findings also highlight the critical role of bolus viscosity in both 

swallowing safety and efficiency, in agreement with previous studies related to 

viscosities. Thicker boluses (IDDSI level 4) are generally easier to control and 

less susceptible to premature spillage, reducing penetration-aspiration risk (Lee 

et al., 2023; Steele & Cichero, 2014; Steele et al., 2015).  

Regarding swallowing safety, Logemann et al. (1994) reported findings 

similar to those of the present study, demonstrating that the chin tuck may 

contribute to improved swallowing safety. Conversely, in this study, head 

extension showed limited effectiveness and may compromise swallowing safety, 

especially in pwHNC laryngeal subsite.  

In terms of relative outcomes, the absence of significant effects for IDDSI 

level 4 bolus in the present study suggests that postural maneuvers may be more 

effective with thin liquids than with thicker consistencies, possibly due to 

physiological factors and rheological properties of the bolus. 

6.3. Swallowing efficiency 

Regarding swallowing efficiency, the analyses indicated increased 

vallecular and pyriform sinuses residue in head extension for IDDSI level 0. In 

pwHNC involving the laryngeal subsite, head extension was associated with 

increased pyriform sinuses residue compared to the neutral head position. 

Moreover, head rotation toward the affected side in pwHNC with left-sided 

involvement resulted in significantly greater vallecular residue for IDDSI level 0, 

indicating a reduction in pharyngeal clearance efficiency associated with this 

posture. No other postural maneuvers yielded statistically significant differences 

in swallowing efficiency at this consistency.  
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As previously mentioned regarding swallowing safety, this may be 

attributable to the fact that head extension stretches the pharyngeal musculature, 

potentially limiting the ability to generate an effective pharyngeal contraction 

(Ambiado-Lillo, 2025; Ertekin et al., 2001; Kelly et al., 2019; Barbon et al., 2020). 

Additionally, reduced pharyngolaryngeal sensitivity, tissue edema, and muscular 

fibrosis following RT may further impair bolus clearance, contributing to the higher 

residue observed (Chiu et al., 2022; Grover & Sinha, 2020; Langmore & 

Krisciunas, 2010).  

On the other hand, thin liquids (IDDSI level 0) were associated with lower 

agreement, especially in the vallecula and pyriform sinuses, consistent with 

findings that liquids with lower viscosity are more prone to premature spillage and 

variable pharyngeal coating, which may complicate visual assessment during 

FEES (Steele & Cichero, 2014; Steele et al., 2015; Cichero et al., 2017). 

At IDDSI level 4, head extension and head rotations to the unaffected and 

affected side significantly increased vallecular residue compared to neutral head 

position and chin tuck across pwHNC subsites. In pwHNC with laryngeal and oral 

cavity involvement, reduced laryngeal elevation and impaired airway closure, 

together with pharyngeal structural changes induced by head extension, may 

compromise pharyngeal clearance efficiency, resulting in increased vallecular 

residue (Ambiado-Lillo, 2025). Similarly, pyriform sinus residue was higher with 

head extension, particularly in the laryngeal subsite, when compared to the 

neutral head position.  

These effects may reflect stretching of the pharyngeal musculature, post-

RT muscular fibrosis, reduced pharyngolaryngeal sensitivity, and tissue edema, 

all of which can impair effective pharyngeal contraction and bolus clearance 

(Langmore & Krisciunas, 2010; Barbon et al., 2020; Chiu et al., 2022; Grover & 

Sinha, 2020). Moreover, thicker boluses (IDDSI level 4) require greater propulsive 

force and pharyngeal contraction than thinner liquids (IDDSI level 0), which may 

explain the higher residue scores observed with higher-viscosity consistencies 

(Steele & Van Lieshout, 2005; Steele et al., 2015).  
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Conversely, the reduction in vallecular residue observed with head 

extension in pwHNC involving the oral cavity subsite may reflect greater oral-

phase swallowing difficulties, particularly impaired bolus propulsion. In this 

context, head extension may harness gravity increases the likelihood of the bolus 

moving toward the pyriform sinuses, thereby contributing to the decreased 

vallecular residue specifically observed in this subsite.  

In addition to the aforementioned findings, the increased vallecular residue 

observed with the head rotation maneuvers to both the unaffected and affected 

side, compared with the neutral head position could also be explained by 

physiological changes in pharyngeal pressure patterns, associated with post‑RT 

fibrosis, and reduced pharyngolaryngeal sensitivity, all of which impair effective 

bolus clearance (Ambiado‑Lillo, 2025; Barbon et al., 2020; Chiu et al., 2022).  

Kim et al. (2015) investigated the effects of head rotation and tilt on 

pharyngeal pressure events using high-resolution manometry (HRM), 

demonstrating that postural maneuvers significantly reduce maximum pressure 

in the lower pharynx and the pre-Upper Esophageal Sphincter (UES) region 

compared with the neutral head position. This reduction in pharyngeal and UES 

pressures may compromise bolus propulsion and pharyngeal clearance 

efficiency, resulting in higher post-swallow residue, thereby highlighting how head 

and neck posture can influence bolus propulsion and airway protection 

mechanisms.  

Moreover, head rotation modifies the spatial configuration of the pharyngo-

esophageal segment, potentially affecting the direction of bolus flow and the 

dynamics of UES opening. Although the maneuver is often used clinically to 

redirect the bolus away from the impaired side in unilateral pharyngeal weakness, 

in people without asymmetrical dysfunction or when different bolus consistencies 

are tested, this change in pressure and bolus trajectory may lead to less effective 

clearance and increased vallecular residue (Kim et al., 2015). These findings 

align with the biomechanical evidence that even in healthy individuals, head 

rotation not only modifies the direction of bolus progression but also affects 

pharyngeal clearance and UES dynamics (Kim et al., 2015). 
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Although this study was conducted in healthy individuals, applying similar 

methodologies to pwHNC would be clinically relevant, as oncologic interventions 

often disrupt the structural and neuromuscular integrity of the swallowing 

mechanism. High-resolution impedance manometry (HRM/HRIM) remains 

underutilized in pwHNC, yet its broader application is warranted, as it provides 

detailed insights into swallowing biomechanics and quantifies the magnitude and 

timing of pharyngeal pressures. This can support early detection of RT or surgery-

induced complications and the evaluation of therapeutic swallowing strategies, 

and can help to quantify the degree and timing of pressures involved in 

swallowing disorders (Neijman et al., 2023).  

Beyond physiological mechanisms, some methodological aspects may also 

have contributed to the present findings. Another hypothesis for the results 

related to head rotation is that the order of maneuver application may have, to 

some extent, influenced the outcomes, despite the methodological precautions 

taken. Specifically, since head rotation to the affected and unaffected sides was 

performed toward the end of the protocol.  

Furthermore, for the analysis comparing the affected and unaffected sides, 

six participants were excluded, resulting in smaller and divided subsamples: left-

sided HNC (n = 17) and right-sided HNC (n = 25). This reduction in sample size 

may have limited statistical power and increased variability. In addition, this 

subdivision introduced greater heterogeneity in terms of HNC subsites. The left-

sided pwHNC group included more cases involving the oral cavity (n = 4), 

oropharynx (n = 5), and both laryngeal and hypopharyngeal subsites (n = 3 each), 

whereas the right-sided group presented a higher proportion of laryngeal cases 

(n = 11), followed by oral cavity (n = 5), oropharyngeal (n = 4), and 

hypopharyngeal (n = 3) involvement. This heterogeneity, particularly the 

predominance of laryngeal involvement on the right side, combined with the 

previously discussed RT-related factors and the altered bolus trajectory 

associated with head rotation, which can influence both pharyngeal clearance 

and UES dynamics, may partially account for the results observed. 
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6.4. Methodological strengths 

Key methodological strengths of this study include the use of FEES, blinded 

assessment, standardized bolus volumes, consistencies, and administration 

protocols, as well as the employment of validated outcome measures. By 

addressing these critical methodological gaps, this study intends to provide 

reliable and clinically relevant evidence to guide the implementation of postural 

maneuvers in pwHNC.  

To the best of our knowledge, this study includes one of the largest cohorts 

to date assessing the effects of postural maneuvers in pwHNC. 

6.5. Limitations 

Despite some methodological strengths, several limitations should be 

considered when interpreting the findings of this study. The absence of audio 

recording during FEES limited the ability to fully assess participants’ responses 

to laryngeal penetration and aspiration. Whitish secretions following RT may have 

complicated the analysis, particularly for thin liquids (IDDSI level 0) colored white. 

Anatomical deformations of structures such as the epiglottis and arytenoids, 

resulting from the tumor or adjuvant interventions (e.g., CRT or RT) in some 

participants, hindered airway visualization. Post-RT participants often exhibited a 

reduced range of motion due to edema and muscular fibrosis, potentially limiting 

the full execution of postural maneuvers. Such reduced mobility may prevent 

pwHNC from achieving the precise head or neck positions required for proper 

execution of postural maneuvers. Participants with NGT may have influenced 

participants’ PAS and YPRSRS scores due to the presence of the tube. 

The timing of oncological treatment may have influenced swallowing 

performance, as acute and late treatment effects can differentially impact 

swallowing function. Participants had not received speech and language therapy 

intervention and had only undergone a prior instrumental assessment for 

diagnostic purposes, limiting the generalizability of the findings to pwHNC 

undergoing active rehabilitation. Moreover, the fixed order of maneuver 

presentation may have introduced bias, as later maneuvers (e.g., head rotation) 
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could have been influenced by participant fatigue despite rest periods, as well as 

by residual bolus from previous trials.  

Additional limitations include the heterogeneous convenience-based 

sample, as well as the small size and heterogeneity of the subsamples used in 

the subsite-specific analyses of HNC, which may limit the generalizability of the 

results. The study employed a short sampling window and did not capture daily 

variability, patient burden, or typical eating behavior.  

Only two IDDSI consistencies were evaluated, and assessments were 

limited to small volumes. The cross-sectional design assessed only the 

immediate effects of postural maneuvers, precluding conclusions regarding long-

term utilization, such as participants’ daily routines. Although procedures were 

standardized and external raters were blinded, the results showed some 

variability, with agreement levels remaining within the moderate range. Finally, 

the study was conducted at a single clinical center, potentially limiting external 

validity to other settings. 

These limitations highlight the need for cautious interpretation of the results 

and suggest that further research with larger, more diverse samples, longitudinal 

follow-up, and multimodal assessment is warranted to fully understand the effect 

of postural maneuvers on swallowing safety and efficiency in pwHNC. 

6.6. Considerations for future research 

It is important to highlight that the population of pwHNC is highly 

heterogeneous, varying in HNC location, subsite, staging, and type of 

intervention. Therefore, future studies should include a much larger and more 

diverse sample to increase the generalizability of the findings. Furthermore, it is 

essential to emphasize the need for individualized assessment and tailored 

approaches based on the HNC subsite. 

In the present study, the focus was on the pharyngeal phase of swallowing, 

which is why FEES was used to measure the primary outcomes. However, future 

investigations would benefit from evaluating additional parameters such as 

swallow reaction time, premature posterior spillage, and white-out, to provide a 
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deeper understanding of the underlying mechanisms of swallowing and the 

factors contributing to pharyngeal residue and penetration-aspiration events. 

Assessing the oral phase of swallowing and oral cavity residues using a 

visual analog scale, as well as monitoring nasal regurgitation and nasal cavity 

residues in pwHNC involving the nasopharynx and oropharynx subsites, would 

also provide valuable insights into the interdependence of the oral and 

pharyngeal phases. Evaluating oral-phase control, including bolus management, 

lip closure to prevent anterior escape, coordination of the tongue movements and 

strength, and effectiveness of the soft palate sphincter in preventing nasal 

regurgitation, clarifies the roles of these structures in effective bolus propulsion 

and overall swallowing, thereby enhancing the understanding and management 

of swallowing disorders. 

Given the challenges experienced by some participants due to structural 

anatomical anomalies that hindered outcome scoring, complementary 

assessment using a VFSS could be useful. VFSS allows dynamic visualization of 

the oral phase, including bolus control, quantification of oral transit time, 

assessment of tongue-palate coordination, and detection of anterior or lateral 

bolus escape as well as premature posterior bolus spillage. It also enables 

measurement of swallowing reaction time and evaluation of the interdependence 

between oral and pharyngeal phases. Incorporating VFSS alongside FEES, 

therefore, enhances the comprehensiveness and precision of swallowing 

assessment, providing a more complete understanding of the mechanisms 

underlying swallowing disorders in pwHNC.  

Future research should use HRIM to assess pharyngeal pressure events 

across postural maneuvers, enhancing our understanding of these compensatory 

strategies. 

It would also be important to evaluate the safety and efficacy of swallowing 

following the implementation of postural maneuvers with different volumes (e.g., 

10, 15, 20 mL) and consistencies, including both liquids and solids, to explore 

rheological factors. 
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Future studies could follow the IDDSI framework to test liquids and foods 

across different thickness levels. This approach would allow for a more 

comprehensive assessment of swallowing safety and efficiency across a range 

of consistencies and textures. 

In pwHNC who have undergone total laryngectomy, swallowing safety is not 

applicable due to the absence of the laryngeal airway. However, swallowing 

efficiency can still be assessed. The YPRSRS was used in this study, as it is the 

only instrument validated for European Portuguese. Nevertheless, this scale 

does not account for the anatomical specificities of total laryngectomy patients 

(e.g., absence of the larynx, valleculae, and piriform sinuses). Accordingly, the 

DIGEST-FEES protocol may offer a more suitable and comprehensive approach 

for evaluating swallowing function in this population. 

7. Conclusion 

Postural maneuvers are widely used in the management of swallowing 

disorders, yet despite being considered a classic intervention, their mechanisms 

and effects continue to warrant further investigation. This study is particularly 

relevant as it revisits this topic from a novel perspective, providing updated 

insights into the physiological effects of head and neck posture on swallowing 

safety and efficiency in pwHNC. 

The biomechanical effects of postural maneuvers observed in this study 

underscore the importance of tailoring compensatory strategies to the individual 

needs of pwHNC. The chin tuck maneuver appeared potentially beneficial and 

should be included among the postures evaluated during clinical swallowing 

assessment in this population, likely by enhancing bolus control and reducing 

penetration and aspiration. Conversely, head extension and head rotation should 

be applied with caution, as they may compromise overall swallowing safety and 

efficiency, increasing the risk of penetration–aspiration events and pharyngeal 

residue.  

These findings emphasize the importance of tailoring postural adjustments 

to each patient’s specific physiological profile, as individualized strategies may 
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promote short-term improvements in swallowing function, facilitate the initiation 

of oral intake, and minimize airway compromise. 

These results also underscore the importance of taking both bolus viscosity 

and anatomical subsite into consideration when implementing postural 

maneuvers. Thicker consistencies may enhance swallowing safety, whereas thin 

liquids require careful evaluation and, in some cases, additional compensatory 

strategies. Tailoring the combination of bolus viscosity and postural maneuver 

according to the tumor’s primary anatomical subsite may therefore optimize 

swallowing functionality in pwHNC.  
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9. Supplementary Table S1 

Supplementary Table S1. PAS and YPRSRS scores for vallecular and pyriform sinus residue 
across all HNC subsites for both IDDSI levels.  

Postural maneuvers Mean ± SD t (Sidak) MD [95% CI] p-value 

PAS with IDDSI level 0 

Larynx     

  Neutral 4.50 ± 1.91 --- --- --- 

  Chin tuck 4.47 ± 1.87 .261 .031 [-.738, .801] 1.000 

  Head extension 5.63 ± 1.18 .282 -1.125 [-1.958, -.292] .003* 

  Head rotation to R 4.94 ± 1.65 .290 -.437 [-1.294, .419] .775 

  Head rotation to L 5.13 ± 1.41 .334 -.625 [-1.613, .363] .509 

Oral cavity     

  Neutral 3.32 ± 1.93 --- --- --- 

  Chin tuck 2.86 ± 2.05 .314 .455 [-.474, 1.383] .815 

  Head extension 4.09 ± 2.30 .340 -.773 [-1.777, .231] .248 

  Head rotation to R 3.64 ± 2.20 .350 -.318 [-1.351, .715] .990 

  Head rotation to L 3.41 ± 2.54 .403 -.091 [-1.283, 1.101] 1.000 

Oropharynx     

  Neutral 4.25 ± 2.49 --- --- --- 

  Chin tuck 3.60 ± 2.47 .330 .650 [-.324, 1.624] .433 

  Head extension 4.45 ± 2.19 .356 -.200 [-1.253, .853] 1.000 

  Head rotation to R 4.40 ± 2.20 .367 -.150 [-1.233, .933] 1.000 

  Head rotation to L 4.35 ± 2.37 .423 -.100 [-1.350, 1.150] 1.000 

Hypopharynx     

  Neutral 4.83 ± 1.21 --- --- --- 

  Chin tuck 3.50 ± 2.05 .425 1.333 [.076, 2.590] .031* 

  Head extension 5.17 ± 1.37 .460 -.333 [-1.693, 1.026] .998 

  Head rotation to R 4.92 ± 1.72 .473 -.083 [-1.482, 1.315] 1.000 

  Head rotation to L 4.67 ± 1.75 .546 .167 [-1.477, 1.780] 1.000 

Nasopharynx     

  Neutral 5.33 ± 2.57 --- --- --- 

  Chin tuck 5.17 ± 2.36 .602 .167 [-1.611, 1.944] 1.000 

  Head extension 5.33 ± 2.57 .651 .000 [-1.923, 1.923] 1.000 

  Head rotation to R 5.17 ± 2.84 .669 .167 [-1.811, 2.145] 1.000 

  Head rotation to L 5.00 ± 3.12 .772 .333 [-1.949, 2.615] 1.000 

Unknown     

  Neutral 3.25 ± 1.06 --- --- --- 

  Chin tuck 2.50 ± 0.71 .737 .750 [-1.427, 2.927] .977 

  Head extension 3.75 ± 0.35 .797 -.500 [-2.855, 1.855] 1.000 

  Head rotation to R 3.25 ± 0.35 .820 .000 [-2.422, 2.422] 1.000 

  Head rotation to L 3.50 ± 2.12 .946 -.250 [-3.045, 2.545] 1.000 

PAS with IDDSI level 4 

Larynx     

  Neutral 1.94 ± 1.52 --- --- --- 
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  Chin tuck 1.53 ± 0.76 .208 .406 [-.207, 1.020] .444 

  Head extension 2.19 ± 1.29 .241 -.250 [-.963, .463] .974 

  Head rotation to R 2.03 ± 1.26 .204 -.094 [-.695, .508] 1.000 

  Head rotation to L 1.94 ± 1.15 .238 .000 [-.702, .702] 1.000 

Oral cavity     

  Neutral 1.27 ± 0.52 --- --- ---- 

  Chin tuck 1.09 ± 0.30 .250 .182 [-.558, .922] .998 

  Head extension 1.50 ± 0.77 .291 -.227 [-1.087, .632] .997 

  Head rotation to R 1.27 ± 0.61 .245 .000 [-.725, .725] 1.000 

  Head rotation to L 1.41 ± 0.80 .287 -.136 [-.983, .711] 1.000 

Oropharynx     

  Neutral 2.55 ± 2.35 --- --- --- 

  Chin tuck 2.35 ± 2.23 .263 .200 [-.576, .976] .997 

  Head extension 2.75 ± 2.59 .305 -.200 [-1.102, .702] .999 

  Head rotation to R 2.60 ± 2.31 .257 -.050 [-.811, .711] 1,000 

  Head rotation to L 2.75 ± 2.40 .301 -.200 [-1.088, .688] .999 

Hypopharynx     

  Neutral 2.08 ± 1.86 --- --- --- 

  Chin tuck 1.75 ± 1.41 .339 .333 [-.668, 1.335] .982 

  Head extension 2.25 ± 1.78 .394 -.167 [-1.331, .997] 1.000 

  Head rotation to R 2.08 ± 1.86 .332 .000 [-.982, .982] 1.000 

  Head rotation to L 2.25 ± 1.78 .388 -.167 [-1.314, .980] 1.000 

Nasopharynx     

  Neutral 3.67 ± 2.52 --- --- --- 

  Chin tuck 3.33 ± 2.52 .480 .333 [-1.083, 1.750] .999 

  Head extension 3.67 ± 2.52 .557 .000 [-1.646, 1.646] 1.000 

  Head rotation to R 3.67 ± 2.52 .470 .000 [-1.389, 1.389] 1.000 

  Head rotation to L 3.67 ± 2.52 .549 .000 [-1.622, 1.622] 1.000 

Unknown     

  Neutral 1.50 ± 0.71 --- --- --- 

  Chin tuck 1.25 ± 0.35 .587 .250 [-1.485, 1.985] 1.000 

  Head extension 2.00 ± 1.41 .682 -.500 [-2.516, 1.516] .998 

  Head rotation to R 1.00 ± 0.00 .576 .500 [-1.201, 2.201] .993 

  Head rotation to L 1.50 ± 0.71 .672 .000 [-1.987, 1.987] 1.000 

YPRSRS for vallecular residue with IDDSI level 0 

Larynx     

  Neutral 2.19 ± 0.63 --- --- --- 

  Chin tuck 2.31 ± 0.40 .100 -.125 [-.422, .172] .916 

  Head extension 2.38 ± 0.43 .098 -.188 [-.478, .103] .483 

  Head rotation to R 2.31 ± 0.51 .084 -.125 [-.374, .124] .791 

  Head rotation to L 2.41 ± 0.46 .108 -.219 [-.539, .102] .402 

Oral cavity     

  Neutral 2.27 ± 0.41 --- --- --- 

  Chin tuck 2.31 ± 0.40 .121 -.045 [-.403, .312] 1.000 
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  Head extension 2.50 ± 0.45 .119 -.227 [-.587, .124] .476 

  Head rotation to R 2.36 ± 0.39 .101 -.091 [-.391, .209] .991 

  Head rotation to L 2.41 ± 0.44 .131 -.136 [-.523, .250] .973 

Oropharynx     

  Neutral 2.55 ± 0.86 --- --- --- 

  Chin tuck 2.55 ± 0.76 .127 .000 [-.375, .375] 1.000 

  Head extension 2.70 ± 0.92 .125 -.150 [-.518, .218] .932 

  Head rotation to R 2.60 ± 0.88 .106 -.050 [-.364, .264] 1.000 

  Head rotation to L 2.55 ± 0.64 .137 .000 [-.405, .405] 1.000 

Hypopharynx     

  Neutral 2.25 ± 0.61 --- --- --- 

  Chin tuck 2.25 ± 0.69 .164 .000 [-.484, .484] 1.000 

  Head extension 2.33 ± 0.61 .161 -.083 [-.559, .392] 1.000 

  Head rotation to R 2.33 ± 0.61 .137 -.083 [-.489, .323] 1.000 

  Head rotation to L 2.33 ± 0.61 .177 -.083 [-.607, .440] 1.000 

Nasopharynx     

  Neutral 2.00 ± 0.50 --- --- --- 

  Chin tuck 2.33 ± 0.58 .232 -.333 [-1.018, .351] .820 

  Head extension 2.33 ± 0.58 .227 -.333 [-1.005, .339] .804 

  Head rotation to R 2.17 ± 0.76 .194 -.167 [-.741, .408] .994 

  Head rotation to L 2.33 ± 0.58 .250 -.333 [-1.073, .407] .879 

Unknown     

  Neutral 2.00 ± 0.00 --- --- --- 

  Chin tuck 2.25 ± 0.35 .284 -.250 [-1.089, .589] .992 

  Head extension 2.50 ± 0.00 .279 -.500 [-1.323, .323] .565 

  Head rotation to R 2.50 ± 0.00 .238 -.500 [-1.203,.203] .347 

  Head rotation to L 2.50 ± 0.00 .307 -.500 [-1.406, .406] .690 

YPRSRS for pyriform sinuses residue with IDDSI level 0 

Larynx     

  Neutral 1.97 ± 0.81 --- --- --- 

  Chin tuck 2.00 ± 0.71 .140 -.031 [-.444, .382] 1.000 

  Head extension 2.41 ± 0.71 .133 -.437 [-.831, -.044] .021* 

  Head rotation to R 2.31 ± 0.73 .126 -.344 [-.716, .028] .089 

  Head rotation to L 2.28 ± 0.66 .155 -.313 [.770, .145] .401 

Oral cavity     

  Neutral 2.14 ± 0.87 --- --- --- 

  Chin tuck 1.95 ± 0.72 .169 .182 [-.317, .680] .966 

  Head extension 2.05 ± 0.65 .161 .091 [-.384, .566] 1.000 

  Head rotation to R 2.05 ± 0.72 .152 .091 [-.358, .540] 1.000 

  Head rotation to L 2.18 ± 0.68 .187 -.045 [-.597, .506] 1.000 

Oropharynx     

  Neutral 2.40 ± 0.99 --- --- --- 

  Chin tuck 2.30 ± 0.98 .177 .100 [-.423, .623] 1.000 

  Head extension 2.35 ± 0.94 .169 .050 [-.448, .548] 1.000 
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  Head rotation to R 2.30 ± 0.82 .159 .100 [-.371, .571] 1.000 

  Head rotation to L 2.35 ± 0.75 .196 .050 [-.528, .628] 1.000 

Hypopharynx     

  Neutral 1.75 ± 0.99 --- --- --- 

  Chin tuck 1.83 ± 0.68 .228 -.083 [-.758, .591] 1.000 

  Head extension 2.33 ± 0.75 .218 -.583 [-1.227, .060] .100 

  Head rotation to R 2.08 ± 0.80 .206 -.333 [-.941, .275] .698 

  Head rotation to L 2.17 ± 0.75 .253 -.417 [-1.163, .330] .676 

Nasopharynx     

  Neutral 2.33 ± 1.26 --- --- --- 

  Chin tuck 2.50 ± 1.00 .323 -.167 [-1.121, .788] 1.000 

  Head extension 2.50 ± 1.00 .308 -.167 [-1.076, .743] 1.000 

  Head rotation to R 2.50 ± 1.00 .291 -.167 [-1.026, .693] 1.000 

  Head rotation to L 2.33 ± 1.29 .357 .000 [-1.056, 1.056] 1.000 

Unknown     

  Neutral 2.25 ± 0.35 --- --- --- 

  Chin tuck 2.25 ± 0.35 .396 .000 [-1.169, 1.169] 1.000 

  Head extension 2.75 ± 0.35 .377 -.500 [-1.614, .614] .881 

  Head rotation to R 2.25 ± 0.35 .356 .000 [-1.053, 1.053] 1.000 

  Head rotation to L 2.25 ± 0.35 .438 .000 [-1.293, 1.293] 1.000 

YPRSRS for vallecular residue with IDDSI level 4 

Larynx     

  Neutral 2.44 ± 0.96 --- --- --- 

  Chin tuck 2.50 ± 1.10 .146 -.063 [-.493, .368] 1.000 

  Head extension 3.06 ± 1.10 .174 -.625 [-1.140, -.110] .009* 

  Head rotation to R 2.81 ± 1.01 .200 -.375 [-.965, .215] .502 

  Head rotation to L 2.88 ± 1.02 .193 -.438 [-1.009, .134] .254 

Oral cavity     

  Neutral 2.41 ± 0.44 --- --- --- 

  Chin tuck 2.45 ± 0.35 .176 -.045 [-.565, .474] 1.000 

  Head extension 3.05 ± 0.72 .210 -.636 [-1.257, -.016] .041* 

  Head rotation to R 2.82 ± 0.78 .241 -.409 [-1.120, .302] .638 

  Head rotation to L 2.86 ± 0.92 .233 -.455 [-1.144, .235] .450 

Oropharynx     

  Neutral 2.95 ± 1.19 --- --- --- 

  Chin tuck 2.85 ± 1.16 .184 .100 [-.445, .645] 1.000 

  Head extension 3.25 ± 1.30 .220 -.300 [-.951, .351] .864 

  Head rotation to R 3.20 ± 1.21 .253 -.250 [-.966, .496] .981 

  Head rotation to L 3.15 ± 1.25 .245 -.200 [-.923, .523] .996 

Hypopharynx     

  Neutral 2.25 ± 0.82 --- --- --- 

  Chin tuck 2.17 ± 0.75 .238 .083 [-.620, .786] 1.000 

  Head extension 2.33 ± 0.41 .284 -.083 [-.924, .757] 1.000 

  Head rotation to R 2.33 ± 0.41 .326 -.083 [-1.047, .880] 1.000 
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  Head rotation to L 2.17 ± 0.68 .316 .083 [-.850, 1.016] 1.000 

Nasopharynx     

  Neutral 2.50 ± 1.50 --- --- --- 

  Chin tuck 2.50 ± 1.50 .337 .000 [-.994, .994] 1.000 

  Head extension 2.83 ± 0.76 .402 -.333 [-1.522, .855] .995 

  Head rotation to R 2.83 ± 0.76 .461 -.333 [-1.695, 1.029] .998 

  Head rotation to L 2.83 ± 0.76 .447 -.333 [-1.653, .986] .998 

Unknown     

  Neutral 2.25 ± 0.35 --- --- --- 

  Chin tuck 2.25 ± 0.35 .412 .000 [-1.218, 1.218] 1.000 

  Head extension 3.00 ± 0.00 .493 -.750 [-2.206, .706] .767 

  Head rotation to R 3.00 ± 0.71 .565 -.750 [-2.418, .918] .880 

  Head rotation to L 3.25 ± 1.06 .547 -1.000 [-2.616, .616] .540 

YPRSRS for pyriform sinuses residue with IDDSI level 4 

Larynx     

  Neutral 1.83 ± 0.06 --- --- --- 

  Chin tuck 1.97 ± 1.19 .157 -.156 [-.621, .309] .981 

  Head extension 2.38 ± 1.25 .186 -.562 [-1.112, -.013] .042* 

  Head rotation to R 2.22 ± 1.18 .160 -.406 [-.879, .066] .139 

  Head rotation to L 2.25 ± 1.28 .170 -.438 [-.939, .064] .127 

Oral cavity     

  Neutral 1.82 ± 0.51 --- --- --- 

  Chin tuck 1.55 ± 0.57 .190 .273 [-.288, .833] .821 

  Head extension 2.36 ± 1.19 .224 -.545 [-1.208, .118] .178 

  Head rotation to R 1.68 ± 0.72 .193 .136 [-.433, .706] .999 

  Head rotation to L 1.86 ± 0.74 .205 -.045 [-.605, .559] 1.000 

Oropharynx     

  Neutral 1.80 ± 1.06 --- --- --- 

  Chin tuck 1.60 ± 0.70 .199 .200 [-.388, .788] .979 

  Head extension 2.10 ± 1.31 .235 -.300 [-.995, .395]  .905 

  Head rotation to R 1.95 ± 1.28 .202 -.150 [-.748, .448] .998 

  Head rotation to L 1.90 ± 1.31 .215 -.100 [-.734, .534] 1.000 

Hypopharynx     

  Neutral 1.67 ± 0.88 --- --- --- 

  Chin tuck 1.58 ± 0.74 .257 .083 [-.676, .843] 1.000 

  Head extension 1.75 ± 0.88 .304 -.083 [-.981, .814] 1.000 

  Head rotation to R 1.50 ± 0.84 .261 .167 [-.605, .938] .999 

  Head rotation to L 1.67 ± 0.82 .277 .000 [-.819, 819] 1.000 

Nasopharynx     

  Neutral 2.33 ± 1.26 --- --- --- 

  Chin tuck 2.50 ± 1.00 .363 -.167 [-1.240, .907] 1.000 

  Head extension 2.67 ± 0.76 .430 -.333 [-1.603, .936] .997 

  Head rotation to R 2.67 ± 0.76 .369 -.333 [-1.424, .758] .990 

  Head rotation to L 2.50 ± 1.00 .392 -.167 [-1.325, .991] 1.000 
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Unknown     

  Neutral 1.75 ± 0.35 --- --- --- 

  Chin tuck 1.50 ± 0.71 .445 .250 [-1.065, 1.565] 1.000 

  Head extension 2.00 ± 0.71 .526 -.250 [-1.805, 1.305] 1.000 

  Head rotation to R 2.25 ± 0.35 .452 -.500 [-1.836, .836] .960 

  Head rotation to L 2.00 ± 0.71 .480 -.250 [-1.668, 1.168] 1.000 

CI = Confidence Interval; SD = Standard Deviation; MD = Mean Diference; IDDSI = International 
Dysphagia Diet Standardisation Initiative; PAS = Penetration-Aspiration Scale; YPRSRS = Yale 
Pharyngeal Residue Severity Rating Scale; R = Right side; L = Left side. Note: small differences 
in the mean differences (e.g., < E‑10) have been rounded to zero. 
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10. Appendix 

Appendix A: Consentimento informado escrito 
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Appendix B: Carta convite aos avaliadores externos (ENT-FC e ENT-SC) 
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Appendix C: Caderno de recolha de dados (Case Report Form) 

   



 

 

 

 

 

lxvi 

 

 

  



 

 

 

 

 

lxvii 

 

 

  



 

 

 

 

 

lxviii 

 

 

 

  
  



 

 

 

 

 

lxix 

 

 
 

  
  



 

 

 

 

 

lxx 

 

 
  



 

 

 

 

 

lxxi 

 

 
  



 

 

 

 

 

lxxii 

 

 

   



 

 

 

 

 

lxxiii 

 

 
  



 

 

 

 

 

lxxiv 

 

 
  



 

 

 

 

 

lxxv 

 

 
  



 

 

 

 

 

lxxvi 

 

 
  



 

 

 

 

 

lxxvii 

 

 
  



 

 

 

 

 

lxxviii 

 

 
 
 
 

  
  



 

 

 

 

 

lxxix 

 

 
  



 

 

 

 

 

lxxx 

 

 
  



 

 

 

 

 

lxxxi 

 

 
  



 

 

 

 

 

lxxxii 

 

 
  



 

 

 

 

 

lxxxiii 

 

 
  



 

 

 

 

 

lxxxiv 

 

 
  



 

 

 

 

 

lxxxv 

 

 
 
  



 

 

 

 

 

lxxxvi 

 

11. Annexes 

Annex A: Penetration-Aspiration Scale 
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Annex B: Yale Pharyngeal Residue Severity Rating Scale 

 


