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Abstract (150 words)
Objective: Temporomandibular disorders (TMDs) are the most common non-dental orofacial pain disorders. Research suggests that patients with TMDs experience eating and swallowing problems, although information is sparse, impacting on effectiveness of management. Research aims were to investigate the epidemiology and impact of TMD-related eating and swallowing problems.
Methods: A cross-sectional study was completed in two national Irish specialist centres, with 126 participants with TMDs assessed using a specifically devised protocol. Descriptive and statistical analyses were completed.
Results: Masticatory issues (95%), swallowing difficulties (53%), and weight loss (50%) were prevalent. Participants reported moderately severe eating and swallowing problems impacting on participation and well-being across daily and social activities.
Discussion: A variety of eating and swallowing problems are reported by adults with TMDs which impact on functioning and psychosocial well-being. The need to improve clinical practice and research is argued. Future research should refine the original assessment protocol developed in this study.
INTRODUCTION
Temporomandibular disorders (TMDs) are a range of heterogeneous conditions characterised by pain and dysfunction of the temporomandibular joint (TMJ) complex, due to alterations in the structure and/or function of the uni- or bilateral TMJ or the wider masticatory muscle and/or osseous system (1–4). TMDs are the most frequently experienced orofacial pain conditions in which the pain is not directly caused by dental trauma, decay, or pathology (although the ultimate development of TMDs may be related to dental abnormalities such as occlusion difficulties or tooth loss), and they also represent the second most common musculoskeletal and neuromuscular disorders after lower back pain(5–8). Research suggests that up to 93% of the general global population experience at least one TMD symptom at some point during their lifespan, while it is estimated that up to 20% of these individuals subsequently seek treatment for these difficulties(5,7,9). Commonly experienced TMD signs and symptoms include: pain and dysfunction of the TMJ and muscles of mastication, headaches and migraines, limitations of mandibular range of motion (ROM), joint sounds, and dental erosion(1,2,10,11).
In addition to these issues, adults with TMDs also frequently report impaired mastication and masticatory pain and fatigue due to joint and/or muscular dysfunction(5). These issues impact on chewing and bolus formation, and can result in patients modifying their diet to softer options. These difficulties may also be related to the dental difficulties such as tooth loss which may lead to the development of TMDs, thus compounding the masticatory difficulties. While it is established that oral preparatory difficulties are common among adults with TMDs, research has only recently investigated the potential ramifications of these issues on the overall eating and swallowing process, finding that up to a third of treatment-seeking patients report subsequent difficulties swallowing solids (33%) and drinking liquids (28%), with resultant weight loss (26%)(12). Yet, limited prospective research on the epidemiology or nature of eating and swallowing problems in this group is currently available. This lack of research has resulted in a subsequent shortage of clinical resources or management guidelines to adequately support service delivery, which has a potential impact on patient outcomes.
TMDs have an established impact on social, economic, and healthcare structures(2). Research has documented decreased levels of health-related quality of life (HRQOL), socialisation, and social networks(13,14), in conjunction with increased depression among patients with TMDs(15,16). With specific reference to eating and swallowing difficulties, research from other clinical groups with dysphagia has found that these difficulties impact on both physical functioning and emotional well-being. This manifests as a reduction in  the ability to consume typical diets, decreasing participation in social events thus eroding self-esteem, and creating a sense of diversity compared to peers(17,18). Although little is currently known about the functional or psychosocial consequences of TMD-related eating and swallowing problems specifically, it is hypothesised that the impact of these difficulties may be similarly negative. However, clinical management of these concerns remains sporadic, with potential ramifications for patient clinical outcomes and physical and psychosocial well-being.
The aim of this study was to investigate the epidemiology, nature, and impact of TMD-related eating and swallowing problems in adults with TMDs. The objective was to inform future research and develop cohort-specific management techniques for use with this group.
MATERIALS AND METHODS
A cross-sectional study design was used. Ethical approval was received from Tallaght University Hospital/St. James’s Hospital Research Ethics Committee (REC Reference: 2017-02 Chairman’s Action (2)). Consecutive patients presenting for TMD treatment to two research settings were recruited over a 12-month period (March 2017 – March 2018). Research settings were the oral surgery and oral and maxillofacial surgery (OMFS) outpatient clinics of two Irish national specialist centres of care. Information posters were present in clinical sites outlining eligibility criteria, procedures involved in assessment, and the process of self-selection for participation. Participants provided written informed consent prior to participation.
Participants were eligible for inclusion if they were adults (aged 18 years and older) of any gender, race, or TMD severity level seeking treatment for TMDs at the clinical sites where data collection took place. Participants were diagnosed with TMDs using the Diagnostic Criteria for Temporomandibular Disorders (DC/TMD)(19) or the Research Diagnostic Criteria for Temporomandibular Disorders classification systems(20). People were excluded if they presented with a history of relevant organic, structural, functional, or neurological comorbid conditions affecting mandibular functioning (e.g.: facial trauma, head and neck cancer, neurological pathology, or congenital orofacial conditions)(21,22), or if they presented with coeliac disease as participation involved mastication of a food cracker containing gluten. 
Data was collected using a new assessment protocol composed of existing evaluation tools from the disciplines of OMFS, dentistry, psychology, and speech and language therapy (SLT) (Table 1). This protocol facilitated data collection on epidemiology and nature using  a range of investigator reported tools, which examined stomatognathic structure and functioning, parafunctional behaviours, subjective masticatory difficulties across a range of textures, and functional eating and swallowing performance. These included: the DC/TMD Symptom Questionnaire(19), The Jaw Functional Limitation Scale-8 (JFLS-8)(23), The Oral Behaviours Checklist(24), The DC/TMD Examination Tool(19), the Orofacial Examination Tool(25), and The Test of Masticating and Swallowing Solids (TOMASS)(26). This assessment protocol was also used to collect data on the impact of TMD-related eating and swallowing problems, with a focus on levels of activity, participation, and pain-related disability, using: the Graded Chronic Pain Scale (GCPS)(27), the Patient Health Questionnaire-4 (PHQ-4)(28), and the Dysphagia Handicap Index (DHI)(29) (Table 1). Due to the time restraints within this busy clinic, and the level of input required to administer this assessment protocol to each patient, dental status was not formally assessed during examinations, although the collection of this data may have enriched findings as dental abnormalities can independently impact eating and drinking status.
Descriptive statistics were reported for all demographic data. In addition, statistical analysis was conducted using both parametric and non-parametric tests. Chi-squared tests were performed at the 5% significance level to determine associations between categorical variables. T-tests, Mann-Whitney U, Kruskal-Wallis, and Spearman’s rho non-parametric correlation tests were also used to identify significant differences between the distributions of groups, and to identify associations between continuous variables.
RESULTS
Over the 12-month period, 128 individuals were eligible for inclusion, with 126 ultimately agreeing to participate. This yielded a 98.4% response rate (Table 2).  Mean age of the sample was 40.32 years (SD: 16.01 / range: 18-78), with a female: male representation ratio of 5.3:1. Overall, TMJ disorders were the most commonly diagnosed problems (right TMJ: n=8/64.28% / left TMJ: n=83/65.83%).  With reference to specific diagnoses, disc displacement without reduction with limited opening (DDWORWLO) was the most common TMJ disorder, regardless of TMJ side. Myofascial pain with referral (MFPWR) was the most frequent masticatory muscle disorder. The mean time since the onset of eating and swallowing problems was 60 months/5 years (SD: 60.9/ range: 2-360 months), with females and males reporting similar mean time since onset (60 months and 58 months, respectively) (Table 2). 
Patient Reported Masticatory, Eating, and Swallowing Problems
Using the DHI(29), the composite severity of masticatory, eating, and swallowing problems were rated on a scale of 0-7. Almost half of the 126 respondents rated their eating and swallowing problems at the most severe rating (7) (n=55/ 43.7%), followed by 15.1% (n=19) and 14.3% (n=18) who had respective moderate scores of 4 and 5, and 15 (11.9%) with a mild score of 1. The median overall severity score was 5.5 (moderate severity). 
The majority of participants experience the most severe eating difficulties when chewing ‘tough’ food (n=65/ 51.6%), while a quarter reported that even chewing softer foods such as chicken elicits severe discomfort (n=33/ 26.2%). Notably, a quarter of participants reported severe difficulties when swallowing any foods or fluids, regardless of texture (n=32/ 25.4%), with a subsection experiencing discomfort even when simply opening their mouth wide enough to adequately drink from a cup (n=29/ 23%) (Table 3). 
These findings were supplemented by information collected using the DHI. The most common difficulties reported using this tool were the need to clear oral residue using liquid washdowns (n=86/ 68.3%) and multiple swallows (n=73/ 57.9%) (Table 4). Half (n=63) of participants reported weight loss, while 46.5% (n=60) reported a ‘strangling sensation’ while swallowing, 45.2% (n=57) reported that they had previously choked on medications, and 40.5% (n=51) reported that they had to cough up solid boluses after swallowing due to oropharyngeal transit issues. These findings indicate potentially serious safety issues with regard to eating and drinking (Table 4).
Movement within Discrete Tasks
While participants demonstrated normal lip, tongue, and soft palate movements during the orofacial examination, findings regarding TMJ parameters indicated limited ROM (Table 5). There was a statistically significant difference in responses for the “TMJ ROM” parameter by gender (chi-squared = 10.387, P = 0.016). Fourteen (70%) of the 20 men had a ROM within normal limits, whereas of the 106 women, 34 (32%) had TMJ ROM within normal limits, 31 (29%) had subjectively mild difficulties, 22 (21%) had moderate difficulties, and 19 (18%) had severe difficulties (Table 5). 
A range of findings regarding TMJ ROM were also documented using the DC/TMD(19):
· The mean pain free mouth opening was 26.9 mm (SD: 9.9mm / range: 0-50 mm), which is below normal values. Those with TMJ disorders, regardless of unilateral side, showed the average lowest pain free mouth opening measurements (right: mean= 25.23mm, range= 2-45mm / left: mean= 25.9mm, range= 2-45mm).
· The mean overall maximal unassisted mouth opening was 33.89 mm (SD: 11.58 mm / range: 0-60 mm). Participants with TMJ disorders, regardless of TMJ side, reported the lowest values (right: mean= 33.02mm, range= 3-57mm / left: mean= 33.02mm, range= 3-57mm), while those with masticatory muscle disorders reported the highest levels of maximal mouth opening (right: mean= 39.47mm, range= 0-60mm / left: mean= 39.4mm, range= 0-60mm).
Reflecting the high representation of TMJ disorders in this sample, 38% (n=48) of all participants reported ‘jaw locking’ on one or more occasion, with 32.5% (n=41) described their jaw as being currently locked. This may cause difficulties in acceptance, mastication, and formation of a solid bolus, with the potential for the development of subsequent eating and swallowing difficulties. Closed locking was significantly more common than open locking (n=48/ 38% and n=23/18.25%, respectively). In addition, significantly more females than males experienced closed locking (chi-squared = 13.25, P = 0.021). 
Parameters of Mastication, Eating, and Swallowing within Functional Tasks
Only 51 of the 126 participants (40%) completed the TOMASS which involved ingestion of a standardised food cracker as quickly as is comfortable, with data collected regarding number of bites taken and number of masticatory cycles and swallows per bite while eating the cracker(26). Due to high levels of reported masticatory impairments, pain, fatigue, and modified diet consumption among these patients, many declined to participate in this specific task (Table 6).

When these findings are compared to normative TOMASS data(26) for patients aged 40-60 years (mean age in the current study: 40.32 years), results are incongruent. For example: mean masticatory cycles per bite reported here (15.78) were higher than the published normative values (males: 11.69-14.09/ females: 9.41-13.23)(26). In addition, the mean swallows per bite (2.08) were higher than previous normative results (males: 0.44-1.14/ females: .046-.089)(26). Mean time per swallow was lower here (8.36) than normative values (males: 13.33-27.75/ females: 13.93-24.28). While the mean time per masticatory cycles here (1.43) was higher than previously reported female results (0.81-1.10), this figure fell within the 95% CI of normative male results (0.82-10.2)(26). No significant age, gender, or diagnostic differences were found between the 5 composite TOMASS variables (Table 6).
The Functional Impact of TMD-related Eating and Swallowing Problems
Using the GCPS(27), participants with TMDs reported that pain associated with eating, and swallowing interferes with daily activities (e.g.: work, school, or housework) on a median of 7 out of the previous 30 days (Table 7). These issues were reported to have a median moderate impact on the completion of daily activities (score of 4). The median impact on recreational, social, and family activities in the last 30 days was also moderate (score of 4), while there was a mild median interference with occupational activities (score of 3), with no significant differences found between gender, age, or overall or specific diagnoses (Table 7).
The most common functional consequence of TMD-related eating and swallowing problems included: 1) meals taking longer to eat (n=91/ 72.2%); 2) avoidance of certain foods (n= 89/ 70.6%); and 3) participants changing their typical manner of swallowing (n=85/ 67.5%) (Table 8).  In addition, participants reported: 1) modifying their diets (n=80 / 63.5%); 2) eating smaller meals (n=75 / 60.3%); 3) eating less (n=68 / 54%); and 4) avoiding eating (n=65 / 51.6%). It is hypothesised that these behaviours may help explain the 50% of individuals who reported unintentional weight loss (n=63. There was a significant gender difference regarding the parameter of eating smaller meals (chi-squared = 9.36, P = 0.009). Whereas most men (n=14 / 70%) never had smaller meals, the 106 females were equally split between ‘never’, ‘sometimes’ and ‘always’ having smaller meals. In addition, there was a significant gender difference in responses for changing their diet due to TMD-related eating and swallowing problems (chi-squared = 8.35, P = 0.015). Again, whereas more than half of males (n=12 / 65%) reported never changing their diet, the 106 females were equally split about dietary changes (Table 8).
The Psychosocial Impact of TMD-related Eating and Swallowing Problems
TMD-related eating and swallowing problems were reported to cause psychosocial distress (Table 9). A quarter of all participants reported on average severe distress (n=32/ 25.4%). Demonstrating this impact, 70.7% of participants in total reported ongoing nervousness, 65% reported experiencing worry, 62.7% reported losing pleasure in previously enjoyable tasks, while 59.5% reported ongoing feelings of depression, which they linked to their eating and swallowing problems. Using Spearman’s rho nonparametric correlation, a mild but significant negative inverse correlation was found, with younger participants reporting significantly higher levels of overall distress (rho = -0.223, P = 0.012), nervousness (rho = -0.255, P = 0.004), and worry (rho = -0.187, P = 0.036) than older participants (Table 9).
[bookmark: _Toc516665423]The most frequent emotional impact of eating and swallowing problems included: embarrassment about potential social exposure of these difficulties (sometimes: n=31/ 24.6% / always: n=43/ 34.1%), fear of choking (sometimes: n=29/ 23% / always: n=27/ 21.4%), and a loss of interest/pleasure in eating (sometimes: n=29/ 23% / always: n=42/ 33.3%) (Table 10). In addition, challenges to participants’ sense of self were reported, with feelings of “handicap” (sometimes: n=27/ 21.6% / always: n=36/ 28.6%), and depression caused by not being able to eat what they want (sometimes: n=35/ 27.8% / always: n=33/ 26.2%). Finally, half of participants experienced anger about their eating and swallowing problems (sometimes: n=29/ 23% / always: n=36/ 28.6%) (Table 10).
DISCUSSION
This cross-sectional study investigated the epidemiology, nature, and impact of TMD-related eating and swallowing problems in treatment-seeking adults presenting to two Irish national specialist centres of care. This research found that secondary to oral preparatory stage difficulties, overall eating and swallowing problems are commonly experienced by this group. Findings here also suggest that participants perceive their eating and swallowing difficulties to impact on their well-being as well as daily social, family, and occupational activities.
Primary masticatory impairments were commonly reported by participants, with those who were able to complete the TOMASS requiring more masticatory cycles per bite than healthy normal individuals(26). It is hypothesized that this may be associated with reduced force and effectiveness of masticatory cycles secondary to limited TMJ ROM, pain, and/or fatigue. However, in addition, participants also required more swallows than people without TMDs to clear solid boluses from the oropharyngeal cavity, potentially due to boluses not being adequately masticated and causing subsequent transit difficulties. These findings may also be associated with subjective reports by participants about requiring multiple swallows (n=73/ 58%), liquid washdowns (n=86/ 68%), and altered swallow movements (n=85/ 67%) to clear boluses. Yet, even with these alterations, almost half reported a strangling sensation during swallowing (n=60/ 48%) and up to 31% (n=39) reported coughing on solid boluses. This suggests the possible use of objective functional assessments of eating and swallowing in future research and practice in order to increase accuracy of assessment, and reduce the potential for adverse events such as choking. In addition, further studies should to determine the need to integrate clinical specialists such as SLTs into future TMD multi-disciplinary teams (MDTs) in order to appropriately manage eating and swallowing difficulties.
This research provides new information on the impact of TMD-related eating and swallowing problems on physical functioning and psychosocial well-being. These eating and swallowing problems have the potential to reduce an individual’s opportunities for activity and participation in social and professional contexts, which may subsequently impact on their self-construct, identity, and self-esteem. As chronic pain conditions and psychosocial well-being are established to be symbiotic entities(30,31), this data may inform the need for future research into the impact of these problems and investigations of potential management techniques.
Limitations
To begin, while broad eligibility criteria aimed to allow for the recruitment of a representative sample, there is the potential that certain other co-morbidities which were not investigated while taking the case history or conducting the orofacial examinations did not cause participants to be excluded (e.g.: psychological disorders, dental abnormalities, macroglossia, tooth loss, use of dental prostheses/dentures, oropharyngeal inflammation etc) may also cause eating and drinking difficulties, thus skewing results. In addition, it must be recognised that findings are based only on treatment-seeking participants presenting to specialist care centres. Therefore, symptom severity and/or vigilance of participants here may be higher than that of patients presenting to non-specialist settings or individuals independently managing their difficulties in the community, with resultant impact on findings, thus warranting further research within larger and more representative cohorts. 
Recommendations
It is recommended that future investigations recruit participants from general and community-based medical, dental, complementary, and allied health practices, in conjunction with recruitment of individuals who are self-managing symptoms, to ensure representativeness of findings. In addition, future research is recommended to determine the appropriateness of the new assessment protocol developed here and to validate it for clinical use with patients experiencing TMD-related eating and swallowing problems. 
CONCLUSION
This study demonstrates that not only do adults with TMDs frequently report eating and swallowing problems as a result of oral preparatory masticatory impairments, yet that these issues further impact on physical, functional, and emotional well-being, in addition to limiting activity and participation. Future research should examine clinical management of such issues to improve patient outcomes and well-being. Most importantly, assessment protocols such as that used in this study are required to support both future research and clinical management in this area.
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Table 1: Measures included in the Assessment Protocol
	Instrument Name
	Purpose of Instrument

	Measures completed by Participant

	Axis I of the DC/TMD: Symptom Questionnaire(19)
	To assess physiological facets of TMD pain and related dysfunction (e.g.: the presence, frequency, intensity, and source of TMJ pain, perceptual jaw noises, open and closed jaw locking, the presence and nature of headaches, and pain modification)

	Axis II of the DC/TMD: The Jaw Functional Limitation Scale-8 
(JFLS-8)(23)
	To assess global limitations in mastication, jaw mobility, and verbal and emotional expression in functional activities

	Axis II of the DC/TMD: The Graded Chronic Pain Scale (GCPS)(27)
	To assess patient-reported global pain severity, pain-intensity, and pain-related disability

	Axis II of the DC/TMD: The Patient Health Questionnaire-4 (PHQ-4)(28)
	To assess psychological distress and difficulties in emotional functioning attributed to anxiety and/or depression

	Axis II of the DC/TMD: The Oral Behaviours Checklist(24) 
	To assess the frequency of maladaptive oral parafunctional behaviours such as jaw clenching, bruxism, or habitual mouthing of objects, which may cause repetitive stomatognathic microtrauma contributing to both the development of TMDs and the perpetuation of their chronicity

	The Dysphagia Handicap Index (DHI)(29)
	To assess the perceived emotional, functional and physical impact of OD on activity and participation in ADLs

	Measures completed by Researcher

	Axis I of the DC/TMD: The DC/TMD Examination Tool(19)
	To assess the location, modification, and nature of dysfunction within the TMJ, muscles, of mastication, and associated structures

	Orofacial Examination Tool(25)

	To assess the sensory and motor functioning of the lips, tongue, jaw, soft palate and aerodigestive tract to ensure that participants do not present with concomitant deglutition difficulties not attributed to their presenting TMD

	The Test of Masticating and Swallowing Solids (TOMASS)(26)
	To assess the oral preparatory phase of swallowing and reduced solid food swallowing efficiency





Table 2: Demographics of Study Sample by Diagnosis
	
	Age
	Gender – 
male
	Gender - female

	Diagnoses 
	N
	Mean 
(SD)
	Median (range)
	n (%)
	n (%)

	Overall
	126
	40.32 
(16.01)
	36 
(18-78)
	20 (15.9)
	106 
(84.1)

	Overall Diagnosis – Right

	None
	27
	44.59 
(16.55)
	45 
(18-78)
	6 
(22.2)
	21 
(77.8)

	Masticatory Muscle Disorders
	18
	45.11 
(16.94)
	43 
(18-77)
	4 
(22.2)
	14 
(77.8)

	TMJ 
Disorders
	81
	37.83 
(15.27)
	34 
(18-77)
	10 (12.3)
	71 
(87.7)

	Specific Diagnosis – Right

	None
	26
	44.38 
(16.84)
	45 
(18-78)
	6 
(23.1)
	20 
(76.9)

	Myalgia
	2
	61.00 
(22.63)
	61 
(45-77)
	0 
(0)
	2 
(100.0)

	MFPWR
	13
	44.08 
(15.36)
	42 
(18-68)
	4 
(30.8)
	9 
(69.2)

	Arthralgia
	1
	77.00 
(-)
	77 
(-)
	0 
(0)
	1 
(100.0)

	Disc displacements with reduction (DDWR)
	12
	31.25 
(13.13)
	28.5 
(18-60)
	2 
(16.7)
	10 
(83.3)

	Disc displacements with reduction with intermittent locking (DDWRIL)
	17
	39.29 
(15.60)
	34 
(22-75)
	2 
(11.8)
	15 
(88.2)

	DDWORWLO
	47
	36.64 
(14.44)
	34 
(18-71)
	4 
(8.5)
	43 
(91.5)

	Disc displacements without reduction without limited opening (DDWORWOLO)
	1
	55.00 
(-)
	55.00 
(-)
	0 
(0)
	1 
(100.0)

	Dislocation/
subluxation
	5
	48.40 
(17.07)
	46 
(32-67)
	2 
(40.0)
	3 
(60.0)

	Rheumatoid Arthritis (RA)
	2
	46.00 
(2.83)
	46 
(44-48)
	0 
(0)
	2 
(100.0)

	Overall Diagnosis – Left

	None
	26
	39.12 
(16.65)
	34 
(18-75)
	4 
(15.4)
	22 
(84.6)

	Masticatory Muscle Disorders
	17
	45.00 
(17.72)
	42 
(18-77)
	7 
(41.2)
	10 
(58.8)

	TMJ Disorders
	83
	39.73 
(15.48)
	36 
(18-78)
	9 
(10.8)
	74 
(89.2)

	Specific Diagnosis – Left

	None
	27
	38.56 
(15.97)
	34 
(18-75)
	4 
(14.8)
	23 
(85.2)

	Myalgia
	2
	61.00 
(22.63)
	61 
(45-77)
	0 
(0)
	2 
(100.0)

	Myofascial pain with referral (MFPWR)
	14
	42.79 
(17.39)
	39.5 
(18-73)
	7 
(50.0)
	7 
(50.0)

	Arthralgia
	1
	77.00 
(-)
	77 
(-)
	0 
(0)
	1 
(100.0)

	DDWR
	10
	42.10 
(19.96)
	41.5 
(18-73)
	2 
(20.0)
	8 
(80.0)

	DDWRIL
	17
	45.29 
(13.52)
	48 
(24-65)
	1 
(5.9)
	16 
(94.1)

	DDWORWLO
	46
	36.04
(12.69)
	32.5 
(18-59)
	4 
(8.7)
	42 
(91.3)

	DDWORWOLO
	3
	33.00 
(19.47)
	26 
(18-55)
	1 
(33.3)
	2 
(66.6)

	Dislocation/subluxation
	4
	41.75 
(19.50)
	39 
(22-67)
	1 
(25.0)
	3 
(75.0)

	RA
	2
	63.00 
(21.21)
	63.00 
(48-78)
	0 
(0)
	2 
(100.0)





Table 3: Descriptive Statistics of the Jaw Functional Limitation Scale-8(23)
	
	Frequency of Scores - n (%)
	

	Variable
	Score 0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	Score 10
	Median
(range)

	Chew tough food
	6
(4.8)
	2 (2.4)
	3 (2.4)
	1 (7.9)
	3 (2.4)
	9 (7.1)
	5 (4.0)
	7 (5.6)
	9 (7.1)
	6 (4.8)
	65 (51.6)
	10 (0 - 10)

	Chew chicken
	25 (19.8)
	2 (2.4)
	13 (10.3)
	9 (7.1)
	6 (4.8)
	15 (11.9)
	8 (6.3)
	5 (4.0)
	8 (6.3)
	1 (0.8)
	33 (26.2)
	5 (0 - 10)

	Chew soft food
	60 (47.6)
	3 (2.4)
	9 (7.1)
	11 (8.7)
	5 (4.0)
	4 (3.2)
	4 (3.2)
	2 (1.6)
	4 (3.2)
	0 (0)
	24 (19.0)
	1.5 (0 - 10)

	Drink from cup
	58 (46.0)
	2 (1.6)
	2 (1.6)
	6 (4.8)
	3 (2.4)
	13 (10.3)
	4 (3.2)
	3 (2.4)
	5 (4.0)
	1 (0.8)
	29 (23.0)
	3 (0 - 10)

	Swallow
	59 (46.8)
	2 (1.6)
	7 (5.6)
	7 (5.6)
	2 (1.6)
	6 (4.8)
	3 (2.4)
	2 (1.6)
	4 (3.2)
	2 (1.6)
	32 (25.4)
	2 (0 - 10)

	Yawn
	15 (11.9)
	2 (1.6)
	3 (2.4)
	9 (7.1)
	6 (4.8)
	7 (5.6)
	6 (4.8)
	5 (4.0)
	9 (7.1)
	7 (5.6)
	57 (45.2)
	9 (0 - 10)

	Talk
	39 (31.0)
	3 (2.4)
	6 (4.8)
	5 (4.0)
	3 (2.4)
	12 (9.5)
	4 (3.2)
	6 (4.8)
	5 (4.0)
	2 (1.6)
	41 (32.5)
	5 (0 - 10)

	Smile
	44 (34.9)
	3 (2.4)
	8 (6.3)
	3 (2.4)
	4 (3.2)
	10 (7.9)
	3 (2.4)
	4 (3.2)
	5 (4.0)
	1 (0.8)
	41 (32.5)
	5 (0 - 10)





Table 4: Descriptive Statistics of the Dysphagia Handicap Index - Physical Subscale(29)
	
	
	Frequency of Scores - n (%)
	

	 
	Variable
	Never
	Sometimes
	Always
	Median (range)

	Physical
	Coughing on drinking
	80 (63.5)
	33 (26.2)
	13 (10.3)
	0 (0 - 2)

	
	Coughing on eating
	87 (69.0)
	28 (22.2)
	11 (8.7)
	0 (0 - 2)

	
	Dry mouth
	52 (41.3)
	47 (37.3)
	27 (21.4)
	1 (0 - 2)

	
	Need to drink to wash food down
	40 (31.7)
	48 (38.1)
	38 (30.2)
	1 (0 - 2)

	
	Lost weight
	63 (50.0)
	33 (26.2)
	30 (23.8)
	0.5 (0 - 2)

	
	Must swallow again before food will go down
	53 (42.1)
	33 (26.2)
	40 (31.7)
	1 (0 - 2)

	
	Choking on medication
	69 (54.8)
	27 (21.4)
	30 (23.8)
	0 (0 - 2)

	
	Strangling sensation on swallowing
	66 (52.4)
	28 (22.2)
	32 (25.4)
	0 (0 - 2)

	
	Coughing up food after swallow
	75 (59.5)
	25 (19.8)
	26 (20.6)
	0 (0 - 2)





Table 5: Descriptive Statistics of Orofacial Movements
	
	Variable
	WNL
	Mild
	Moderate
	Severe

	Jaw
	Symmetry
	115 (91.3)
	7 (5.6)
	3 (2.4)
	1 (0.8)

	
	Range of Motion
	48 (38.1)
	33 (26.2)
	24 (19.0)
	21 (16.7)

	
	Speed
	88 (69.8)
	17 (13.5)
	5 (4.0)
	16 (12.7)

	
	Strength
	112 (88.9)
	8 (6.3)
	3 (2.4)
	3 (2.4)

	
	Tone
	112 (88.9)
	8 (6.3)
	3 (2.4)
	3 (2.4)

	
	Protrusion
	49 (38.9)
	30 (23.8)
	23 (18.3)
	24 (19.0)

	
	Retraction
	52 (41.3)
	31 (24.6)
	19 (15.1)
	24 (19.0)

	
	Lateralisation
	50 (39.7)
	34 (27.0)
	18 (14.3)
	24 (19.0)

	
	Opening
	47 (37.3)
	30 (23.8)
	27 (21.4)
	22 (17.5)

	
	Closing
	67 (53.2)
	22 (17.5)
	17 (13.5)
	20 (15.9)





Table 6: Descriptive Statistics for The Test of Masticating and Swallowing Solids (n=51)(26)
	Variable
	No. of Participants
	Mean (SD)
	Median (range)

	Masticatory cycles per bite
	51
	15.78 (7.70)
	14.7 (8.4-50.0)

	Masticatory cycles per swallow
	51
	8.83 (3.49)
	8.4 (2.7-21.3)

	Swallows per bite
	51
	2.08 (1.17)
	1.8 (1.0-6.0)

	Time per masticatory cycle
	51
	1.43 (2.60)
	0.9 (0.6-17.0)

	Time per swallow
	51
	8.36 (3.90)
	7.9 (3.3-22.8)





[bookmark: _Toc516665420]Table 7: Descriptive Statistics of the Graded Chronic Pain Scale  – Impact Ratings(27)
	
	Frequency of Scores - n (%)
	

	Variable
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	Score 10
	Median (range)

	Average interference with daily activities
	46 (36.5)
	4 (3.2)
	6 (4.8)
	4 (3.2)
	11 (8.7)
	8 (6.3)
	2 (1.6)
	7 (5.6)
	0 
(0)
	3 (2.4)
	35 (27.8)
	4 
(0 - 10)

	Average interference with recreational, social, and family activities
	44 (34.9)
	5 (4.0)
	3 (2.4)
	7 (5.6)
	7 (5.6)
	12 (9.5)
	3 (2.4)
	7 (5.6)
	1 (0.8)
	2 (1.6)
	35 (27.8)
	4 
(0 - 10)

	Average interference with work activities
	50 (39.7)
	3 (2.4)
	6 (4.8)
	5 (4.0)
	4 (3.2)
	11 (8.7)
	2 (1.6)
	6 (4.8)
	3 (2.4)
	1 (0.8)
	35 (27.8)
	3 
(0 - 10)





[bookmark: _Toc516665421]Table 8: Descriptive Statistics of the Dysphagia Handicap Index - Functional Subscale(29)
	
	
	Frequency of Scores - n (%)
	

	 
	Variable
	Never
	Sometimes
	Always
	Median (range)

	Functional
	Avoiding certain foods
	37 (29.4)
	38 (30.2)
	51 (40.5)
	1 (0 - 2)

	
	Changing typical swallowing
	41 (32.5)
	37 (29.4)
	48 (38.1)
	1 (0 - 2)

	
	Meals taking longer to eat
	35 (27.8)
	38 (30.2)
	53 (42.1)
	1 (0 - 2)

	
	Eating smaller meals
	50 (39.7)
	35 (27.8)
	41 (32.5)
	1 (0 - 2)

	
	Don't socialise as much as used to
	63 (50.0)
	27 (21.4)
	36 (28.6)
	0.5 (0 - 2)

	
	Avoiding eating
	61 (48.4)
	30 (23.8)
	35 (27.8)
	1 (0 - 2)

	
	Eating less
	58 (46.0)
	34 (27.0)
	34 (27.0)
	1 (0 - 2)

	
	Eating in another way
	78 (61.9)
	25 (19.8)
	23 (18.3)
	0 (0 - 2)

	
	Changed diet
	46 (36.5)
	37 (29.4)
	43 (34.1)
	1 (0 - 2)





[bookmark: _Toc516665422]Table 9: Descriptive Statistics of the Patient Health Questionnaire-4(28)
	
	Frequency of Scores - n (%)

	Variable
	Not 
at all
	Several days
	Most 
days
	Nearly everyday

	Nervous
	37 (29.4)
	27 (21.4)
	23 (18.3)
	39 (31.0)

	Worry
	44 (34.9)
	30 (23.8)
	21 (16.7)
	31 (24.6)

	Lack of pleasure
	47 (37.3)
	28 (22.2)
	20 (15.9)
	31 (24.6)

	Depressed 
	51 (40.5)
	27 (21.4)
	18 (14.3)
	29 (23.0)

	
	Frequency of Scores - n (%)

	Variable
	No distress
	Mild distress
	Moderate distress
	Severe 
distress

	PHQ-4 composite score
	40 (31.7)
	29 (23.0)
	25 (19.8)
	32 (25.4)





Table 10: Descriptive Statistics of the Dysphagia Handicap Index - Emotional Subscale(29)
	
	
	Frequency of Scores - n (%)
	

	 
	Variable
	Never
	Sometimes
	Always
	Median (range)

	Emotional
	Embarrassed to eat in public
	52 (41.3)
	31 (24.6)
	43 (34.1)
	1 (0 - 2)

	
	Depressed because they can’t eat what they want
	58 (46.0)
	35 (27.8)
	33 (26.2)
	1 (0 - 2)

	
	Don’t enjoy eating as much as they used to
	55 (43.7)
	29 (23.0)
	42 (33.3)
	1 (0 - 2)

	
	Nervous because of swallowing problem
	58 (46.0)
	29 (23.0)
	39 (31.0)
	1 (0 - 2)

	
	Feel handicapped because of swallowing problem
	63 (50.0)
	27 (21.4)
	36 (28.6)
	0.5 (0 - 2)

	
	Get angry at myself because of swallowing problem
	61 (48.4)
	29 (23.0)
	36 (28.6)
	1 (0 - 2)

	
	Afraid of choking and stopping breathing because of swallowing problem
	70 (55.6)
	29 (23.0)
	27 (21.4)
	0 (0 - 2)
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