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Abstract 

The study aim was to document the acute physiological characteristics of the 

swallowing impairment following thermal burn injury. A series of 19 participants 

admitted to a specialised burn centre with thermal burn injury were identified with 

suspected aspiration risk by a clinical swallow examination (CSE) conducted by a 

speech-language pathologist and referred to the study. Once medically stable, each then 

underwent more detailed assessment using both a CSE and a fiberoptic evaluation of 

swallowing (FEES). Subsequent to this assessment, FEES confirmed 6 individuals (32%) 

had no aspiration risk, and were excluded from further analyses. Of the remaining 13, 

CSE confirmed two had specific oral phase deficits due to orofacial scarring and 

contractures, and all 13 had generalised oromotor weakness. FEES revealed numerous 

pharyngeal phase deficits with major finding evident in greater than 50% being: impaired 

secretion management, laryngotracheal edema, delayed swallow initiation, impaired 

sensation, inadequate movement of structures within the hypopharynx and larynx, and 

diffuse pharyngeal residue. Penetration and/or aspiration occurred in 83% (n = 10/12) of 

thin fluids trials, with a lack of response to the penetration/aspiration noted in 60% (n = 

6/10 penetration/aspiration events) of cases. Most events occurred post swallow. Findings 

support that individuals with dysphagia post thermal burn present with multiple risk 

factors for aspiration that appear predominantly related to generalised weakness and 

inefficiency and further impacted by edema and sensory impairments. Generalised 

oromotor weakness and orofacial contractures (when present) impact oral stage swallow 

function. This study has identified a range of factors which may be contributing to both 

oral and pharyngeal stage dysfunction in this clinical population and highlights the 
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importance of using a combination of clinical and instrumental assessment to fully 

understand the influence of burn injury on oral intake and swallowing.  

Key Words Deglutition; deglutition disorders; Fiberoptic endoscopic evaluation of 

swallowing; acute; dysphagia; burn injury; swallowing 
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Introduction 

Dysphagia is present in approximately 11% of individuals who are admitted to 

hospital for treatment of thermal burn injury
1
 and aspiration risk, as well as the inability 

to efficiently manage solid food textures, may persist for weeks to months post injury
2-7

. 

However, despite the clinical significance of dysphagia in this population, to date there 

has been minimal systematic investigation of the physiological basis for the presenting 

swallowing impairment. As optimal treatment planning for dysphagia relies on a 

comprehensive understanding of the physiological deficits that lead to aspiration or 

aspiration risk, it is important that the numerous factors contributing to dysphagia in this 

population are documented.  

Burns to orofacial regions can result in oral phase difficulties, causing restrictions 

in range of motion (ROM) that impair lip and cheek movement, as well as jaw opening, 

thus limiting the proficiency of the oral phase of the swallow
4,5,8-12

. In the presence of 

severe burns that result in orofacial scarring and contractures, oral deficits may be a long-

term limiting factor in returning to normal oral intake4,5. These deficits can manifest as 

poor ability to contain, manipulate and form a cohesive bolus of appropriate size and 

consistency for swallowing. Whilst the oral phase deficits have largely been discussed in 

single case reports that utilise clinical swallow examination (CSE)
5,6,8,9,12

, one study 

which detailed oral phase difficulties also observed during a modified barium swallow 

(MBS) study noted poor lip closure, decreased ability for mastication and decreased 

tongue to palate contact
4
. 
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While some data are available regarding the nature of oral stage deficits in this 

population, the specific nature of pharyngeal phase deficits observed after burn injury 

have been largely undocumented. Muehlberger and colleagues13 were the first to detail 

the physiological characteristics of dysphagia in patients with inhalation injury. Using a 

MBS assessment with 11 patients who presented clinically with mild dysphagic 

symptoms, four individuals were described as presenting with mild pharyngeal pooling 

and delayed swallow initiation. No further discussion of potential factors contributing to 

the dysphagia in the other 7 cases was discussed. A decade later, Edelman, Sheehy-

Deardorff and White
2
 conducted a retrospective study of 11 burn patients and reported 

that 64% presented with oral stage swallowing deficits, 82% with pharyngeal deficits and 

18% with esophageal dysphagia. Although the authors stated that pharyngeal stage 

dysphagia was predominantly caused by burn scar formation or inhalation injury no 

further specific detail of the physiological nature of the deficits were reported
2
.  

Currently there is only one case study available that has provided more detailed 

information about the specific nature of impaired swallow physiology in the burn 

population. Rumbach et al4 reported on the impact of severe burn injury using fiberoptic 

endoscopic evaluation of swallowing (FEES) in a 60 year old male.  Findings included 

delayed swallow initiation, decreased laryngopharyngeal sensation, decreased base of 

tongue (BOT) to posterior pharyngeal wall (PPW) contact as well as reduced superior 

and anterior hyolaryngeal movement as evidenced by reduced epiglottic deflection and 

cricopharyngeal opening. Furthermore, supraglottic edema and reduced vocal fold 

mobility were also observed. However, as this data is limited to a single case of severe 
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dysphagia post burn it is uncertain how closely this information may be extrapolated to 

the wider clinical population with burn injury. 

Due to the limited information that currently exists, the aim of the current study is 

to investigate and describe the acute characteristics of swallowing dysfunction in an adult 

cohort post thermal burn injury with dysphagia by means of a clinical and instrumental 

examination. By sampling from a prospective clinical cohort across a range of injury 

severities, it is intended that the current data will provide a more representative view of 

the range of swallowing deficits which may be present in this population. Ultimately this 

data will provide clinicians with detailed information regarding dysphagia characteristics 

in the thermal burn population to help inform assessment, treatment and rehabilitation 

planning. 

 

Methods 

Participant Population 

Participants included 19 adults (14 males, 5 females), ranging in age from 18 to 

85 years (M = 47.95, SD = 20.81) with thermal burn injury, with or without inhalation 

injury, who presented for management at the Royal Brisbane and Women’s Hospital 

specialised burns unit, Australia, over a 24 month period (August 2007- July 2009). The 

mean total body surface area (TBSA) affected was 31.87% (SD = 17.06, range = 4-66.5), 

with 58% (n = 11) having concomitant inhalation injury and 74% (n = 14) having burns 

to the head and neck. Over 85% of participants required periods of mechanical 

ventilation, with six participants requiring a tracheostomy during the course of their 
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hospital admission. No participant had existing neurological or structural impairment that 

could influence swallowing behaviour or a prior history of swallowing disorders, as 

determined by medical chart review, multidisciplinary team discussion, and patient 

report. Biographical data including burn aetiology, severity, subsequent medical 

management and dysphagia severity prior to and post FEES are detailed for each 

participant in table 1.  

/insert Table 1 near here/ 

Participants in this cohort diagnosed with orofacial burns (n=14) had received 

multidisciplinary and interdisciplinary management for contracture prevention from the 

point of hospital admission as per Rumbach et al
11

. In addition, prior to the current 

investigation, all participants had undergone at least one prior CSE by an experienced 

speech pathologist. The initial referral to speech language pathology (SLP) for dysphagia 

assessment had occurred on average 16 days post admission (SD = 15 days, range = 1-45 

days) once the medical officer in charge had determined the patient to be medically stable 

and suitable for oral intake. Intervention for suspected aspiration risk as determined from 

these initial CSEs was limited to compensatory management via texture modifications as 

participants were deemed not medically stable to participate in active rehabilitation
11

. 

Referral to the current study occurred only once there was agreement by the 

multidisciplinary team (including but not limited to the medical officer, speech 

pathologist, occupational therapist, physiotherapist, psychologist, and dietician) that 

patients were suitable to undergo an instrumental examination of swallowing to assess 

aspiration risk and facilitate active rehabilitation planning. Instrumental assessment 

therefore occurred at various stages of recovery for each patient, at a mean of 37 days 
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(SD = 22 days, range = 5-80 days) post injury, and at a mean of 21 days (SD = 14 days, 

range = 4-53 days) post initial assessment by SLP. At the time of participation in this 

study, four individuals were tracheostomised, with the cuff deflated and a one-way 

speaking valve in situ. An additional two individuals had been decannulated 48 hours 

prior to assessment.  

Procedure 

Prior to the study, reliability training in clinical decision making (i.e., dysphagia 

absence/presence and optimal oral intake) following a CSE was undertaken by the 

primary rating clinician that involved completing 40 simultaneous CSEs with a second 

experienced clinician. Percent exact agreement for clinical decisions regarding 

recommendations for (1) optimal food textures to minimise aspiration risk and (2) fluid 

consistency to minimise aspiration risk for each patient was 100% between the two 

clinicians.  

Once deemed suitable for FEES and recruited into this study, all participants 

underwent a CSE performed by an experienced speech-language pathologist, conducted 

no more than one day prior to a FEES assessment. This enabled information on both oral 

and pharyngeal stage deficits to be compiled. The CSE consisted of a patient interview, 

visual examination of the oromusculature, oromotor examination, perceptual evaluation 

of voice quality, and a series of oral intake trials of fluids and foods that also included a 

water swallow test14-17 when appropriate. All participants were trialled with the 

fluids/foods considered to be least normal first (i.e., extremely thick fluids, puree diet), 

with progression towards normal dietary consistencies and textures (i.e., thin fluids, 
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general diet), during oral intake trials if appropriate. Considerations for conducting a CSE 

with burned individuals, as outlined by Rumbach et al11 were followed, with each 

assessment requiring some variation depending on patient presentation. From this, an 

initial rating of dysphagia severity was conducted using a purpose-built rating scale
6
 that 

ranged from 1= normal swallow status (normal diet) to 4 = severe dysphagia (nil by 

mouth; small amounts only of oral intake of full texture and consistency restriction). A 

purpose built severity scale is necessary for this clinical population as most existing 

dysphagia severity scales factor the need for alternative or supplemental feeding into the 

severity rating. However, supplemental feeding in the burns population is often not 

related to dysphagia but rather management of the hypermetabolic response to burn 

injury, hence most published severity scales cannot be applied to this clinical population.  

 The FEES procedure was then conducted at the bedside as per protocol
18

 under 

the direction of an otorhinolaryngologist (ENT) and treating speech pathologist. All 

images were viewed online using an Olympus Viser OTV-37 digital processor scope with 

an Olympus Visera CLV-S40 light source attached to a dysphagia swallow workstation 

(DSW; Kay Pentax). The images were recorded using the DSW, with audio captured by a 

lapel microphone attached to the patient’s collar. Participants were seated upright, and the 

scope, was passed through the nostril in order to view the nasopharynx, hypopharynx and 

larynx during non swallow and swallow tasks. Passing of the scope was undertaken by an 

ENT and no local anaesthesia was used during the procedure.  

The initial stage of the FEES involved examination of the structural integrity, 

symmetry, range, speed and precision/timing/coordination of the velum, BOT, 

pharyngeal muscles and larynx were assessed through observation of the structures at 
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rest, during phonation and a dry swallow. Following this, the observable features of the 

swallow were documented with the presentation of boluses of different food and fluid 

textures and consistencies as appropriate for each patient. Dietary consistencies trialled 

were consistent with the Australian standards for texture modified food and fluids
19

 and 

the range included smooth puree, minced and moist, soft and normal food consistencies 

as well as extremely thick (level 900), moderately thick (level 400), mildly thick (level 

150) and thin (regular) fluids. All food and fluid was dyed green to allow for easy 

visualisation of the bolus path. Consistent with the CSE procedure, all participants were 

trialled with the fluids/foods considered to be least normal first (i.e., extremely thick 

fluids, puree diet), with progression towards normal dietary consistencies and textures 

(i.e., thin fluids, general diet), during oral intake trials under FEES. Fluid trials preceded 

food trials and each participant received at least two trials of each consistency presented. 

Larger bolus volumes of food and fluid of approximately 20mls
20

 were used in this study 

in comparison to volumes typically used in research (5-10ml boluses
21-24

) to better 

evaluate aspiration risk with more typical meal bolus sizes. Liquids were presented using 

a spoon, straw or cup, depending on the patient’s ability to self-feed. The participant was 

instructed to take one sip at a time. Continuous drinking was also assessed on thin fluids 

if appropriate. Foods were presented via spoon, or as a whole entity (e.g., 

marshmallow/biscuit) and the participant was instructed to take a normal size bite. 

Suitability for progression to the next food or fluid texture/consistency was based on (a) 

the safety of food/fluid intake and (b) the efficiency of fluid/food intake. Compensatory 

strategies were trialled where appropriate. However, swallowing ability without the use 

of compensatory measures (other than texture modification) was used in all subsequent 
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analysis. All trials of any consistency were ceased in the presence of frank and/or large 

amounts of penetration/aspiration or if the speech pathologist noted severe swallowing 

dysfunction with a high risk of aspiration (i.e., not safe for oral intake).  

Analysis of the FEES procedure was completed by examination of the video study 

for each participant at regular speed, slow motion and frame-by-frame. Independent 

ratings were obtained by two qualified speech pathologists experienced in the area of 

adult dysphagia and the burns population, including the analysis of the FEES procedure. 

Rater 1 was present during the online assessment and saw the participants clinically while 

rater 2 was blinded to the case information for each participant. To evaluate reliability, 

kappa statistics were calculated for each parameter investigated (Table 2). The results 

obtained from these analyses were interpreted using strength of agreement ranges as 

determined by Landis and Koch
25

. These benchmarks judge reliability coefficient 

according to the following criteria: > 0.20 = poor, 0.21 – 0.40 = fair, 0.41 – 0.60 = 

moderate, 0.61 – 0.80 = good, and 0.81 – 1.00 = very good. The kappa values calculated 

for interrater reliability ranged from 0.7799 to 0.9713, indicating that good to very good 

agreement was reached between raters on all parameters evaluated, with the exception of 

erythema which had fair reliability (k = 0.24). Consensus ratings (as presented in the final 

data set) were obtained on any item of disagreement among the clinicians. Five of the 19 

examinations were chosen and blinded to the two raters, and were re-rated one-month 

post completion of the original ratings to assess intra-rater reliability (Table 3). Moderate 

to very good agreement (k = 0.54 – 1.00) was reached between rating occasions for Rater 

1. Rater 2 showed moderate to good agreement (k = 0.5 – 0.8) between rating occasions.  
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/insert Tables 2 and 3 near here/ 

The analysis parameters used in this study were based on Langmore’s26 original 

rating form. Ratings were made of the structural integrity and physiological function of 

the velum, tongue, pharynx and larynx (as appropriate). The presence of any 

laryngotracheal pathology (including edema and erythema) was noted. Any edema or 

erythema of tissues affecting the structural integrity of the hypopharynx and larynx were 

rated using a purpose-built scale that ranged from 1 (no edema/erythema) to 3 (all tissues 

edematous/widespread erythema). Adequacy of saliva management was then rated 

according to the Marionjoy Secretion Rating Scale27. This is a 5-level rating scale with 

ratings ranging from normal (thin, clear secretions with less than 10% pooling in 

pyriform fossae or valleculae) to profound (secretions present on vocal folds). 

Appearance of secretions (colour and viscosity), patient response to secretions (i.e., are 

attempts to spontaneously clear secretions being made), affect of spontaneous or cued 

swallows on secretion reduction, and the frequency of spontaneous swallows were also 

noted to determine adequacy of saliva management prior to the commencement of oral 

intake trials. Swallow frequency was classified as reduced if spontaneous swallows were 

observed to be less than 1 per minute. Sensation testing was informally conducted via 

patient response to the presence and light touch of the endoscope on the lateral 

pharyngeal walls and tip of the epiglottis. The patient was deemed to have reduced 

sensation if there was no response to the presence and light taps of the scope in the 

pharynx and an absent or reduced response to residue or to an event of silent aspiration. 

The presence of the laryngeal adductor reflex (i.e., brief closure of the true vocal cords), 
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an involuntary airway protection reflex, was also examined by light touch of the scope to 

the arytenoid epithelium. 

 

For the food and fluid trials, each bolus for each consistency trialled was 

individually rated. Any parameter observed during at least one swallow trial per 

consistency denoted the characteristic as present for that consistency.  Parameters for 

analysis included observable characteristics of the oral and pharyngeal stage, oral and 

pharyngeal transit times and other markers indicating poor coordination or inefficiency of 

the swallow. Specifically, the oral phase of the swallow trials was examined through 

visual inspection of the acceptance, containment and manipulation of the bolus, oral 

transit time and an informal rating of delivery of the bolus into the pharynx on a 4-point 

scale (see appendix A). Ratings ranged from normal (prompt delivery of bolus) to severe 

impairment (large amount of leakage during oral preparation with minimal mastication of 

bolus and no attempt at a transfer). At the completion of each bolus, the oral cavity was 

examined for the presence of oral residue and was rated as being absent or present, with 

location of any residue being noted. 

 

The pharyngeal phase was examined through determining the adequacy of 

structural movements during the swallow as per Langmore
26

. This included investigation 

of bolus driving and clearing forces (i.e., BOT movement, pharyngeal longitudinal and 

constrictor movement), and valving forces (i.e., velopharyngeal and laryngeal valves). 

Observations regarding presence of residue after and between swallows were also 

recorded including information on: location of residue, amount of residue, patient 
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awareness of residue, effect of spontaneous or cued swallows on reduction of residue, 

and number of spontaneous clearing swallows after the patient’s first swallow. Informal 

ratings on reflex initiation, and pharyngeal residue post swallow were also made (see 

appendix A). Reflex initiation was informally rated on a 4-point scale, which included 

ratings from normal (bolus dwelled at base of tongue and/or valleculae for 0-1 seconds) 

to severe impairment (absent reflex).  Pharyngeal residue post swallow was also 

informally rated on a 4-point scale, which consisted of ratings ranging from normal (no 

residue) to severe impairment (residue filled and/or overflowed cavities). Presence of 

penetration and/or aspiration before or after the swallow for each consistency trialled was 

rated on the 8-point Penetration-Aspiration Scale28. The ratings ranged from 1 (material 

did not enter the airway) to 8 (material entered the airway, passed below the vocal folds, 

and no effort was made to eject it).  

 

From the FEES assessment, safe food and fluid consistencies were determined to 

be those with which the patient demonstrated no signs of penetration/aspiration, no 

deficit with efficiency for oral intake or no discomfort. The efficiency of oral intake was 

determined by the amount of external facilitation/prompting required and/or the amount 

of oral motor labour demonstrated by the patient in consuming the various food/fluid 

presented. Based on the outcome of the FEES assessment, dysphagia severity, using the 

purpose built scale was re-rated and compared to the ratings made following the CSE. 
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Results 

At the time of referral for FEES assessment, CSE classified 52.5% (10/19) of the 

cohort as having severe dysphagia, 31.5% (6/19) had a moderate impairment, and 16% 

(3/19) had a mild impairment (Table 1). However, subsequently FEES assessment 

revealed normal swallow function in 6 individuals (participants 2, 3, 4, 6, 13, and 17 – 

Table 1), and these participants were excluded from all subsequent data analysis. Data 

from this point is represented as a portion of the total remaining cohort of 13 individuals, 

unless specifically stated otherwise. 

Oromotor examination revealed that 77% of the remaining cohort of 13 presented 

with a weak or absent voluntary cough and 100% a dysphonic vocal quality. Poor 

dentition was also prevalent, with 54% of the cohort having absent teeth and/or teeth with 

advanced decay. Decreased lip strength and ROM were evident in 100% of cases. Jaw 

strength was also reduced in 54% of individuals. Nil deficits in tongue function were 

observed in any participant. Two individuals presented with severe orofacial scarring and 

contracture formation and presented with severely reduced and asymmetrical orofacial 

ROM (Table 1). During swallow trials, this degree of scarring and contracture formation 

caused inadequate labial closure, increased time for oral preparation/bolus formation and 

diffuse oral residue that required manual removal from the lateral sulci by the clinician 

for these 2 individuals. No other participant had difficulties controlling oral boluses, yet 

increased oral preparation time was required for the majority of individuals’ trialled on 

more solid textures (e.g., biscuit). Tightness at the oral commissures, alongside poor 

dentition, advanced age and reduced jaw strength, lead to fatigue and discomfort in one 
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individual; thus limiting their ability to be upgraded to a normal and varied texture diet 

although aspiration risk has resolved. 

FEES assessment of the structural integrity and function of the velopharynx, 

hypopharynx and larynx prior to the commencement of food and fluid trials are displayed 

in Table 4. Laryngotracheal pathology, as confirmed by an otorhinolaryngologist, was 

highly prevalent across the cohort, with 77% (n = 10) displaying edema, with 

approximately one third of the cohort exhibiting concurrent tissue granulation, ulceration 

and/or edema (Table 4). Laryngeal dysfunction was also prevalent in the cohort, with up 

to 69% (n = 9) of the population presenting with one or more difficulties contributing to 

altered vocal quality (Table 4). No participants presented with visible nasopharyngeal, 

hypopharyngeal, laryngeal or tracheal strictures. 

/insert Table 4 near here/ 

Impaired secretion management was also prevalent, with over 75% of the cohort 

presenting with pooling of secretions in the pharynx, suggesting a reduced awareness or 

ability to clear secretions. Aspiration of secretions was observed in two individuals with 

severe dysphagia. Two individuals who were unaware of their secretions could clear 

them with cued swallows. Sensation assessment revealed minimal or nil response to 

contact by the scope in 77% (n = 10) of cases. Of note, 70% of individuals with 

reductions in both secretion management and sensation had been identified as having 

burn injury to the airway on admission to hospital. 

The characteristics of the swallow mechanism observed during bolus trials via 

FEES are displayed in table 5.The information gained from the FEES on the oral phase 
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was limited to judgement on bolus delivery into the pharynx (Table 5). Over 50% of the 

cohort had mild or moderate deficits with bolus delivery on both thickened and thin 

fluids. For those 8 individuals trialled on solids, 75% presented with mild or moderate 

deficits with bolus delivery. 

/insert Table 5 near here/ 

A mild to moderate delay in swallow reflex initiation was noted in 85% of the 

cohort for all fluid consistencies trialled. For food textures, two participants demonstrated 

a mild to moderate delay in triggering the swallow reflex. Inadequate structural 

movements during the swallow were evident across bolus types for the entire cohort 

(Table 5), with up to 92% of the cohort displaying weak BOT function, inadequate 

pharyngeal squeeze, and decreased epiglottal inversion(i.e., reduced whiteout at the 

height of the swallow). 

Pharyngeal residue was also a consistent characteristic, being present in at least 

one consistency trialled for all individuals. Distribution of residue throughout the pharynx 

varied considerably for each participant for each bolus type. Lodging of pharyngeal 

residue that remained above the airway across fluid boluses was most commonly located 

at the BOT (47%), valleculae (79%), lateral channels (74%), pyriforms (68%), along the 

pharyngeal walls (47%) and at the posterior cricoid region (53%).  Pharyngeal residue 

was located on the true vocal cords and subglottic shelf in greater than 60% of 

individuals trialled on thin fluids. Mild-moderate pharyngeal residue was also an issue for 

75% of individuals trialled on solid textures, with residue being localised to the BOT, 

valleculae, lateral channels and pyriforms. 
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Laryngeal penetration (Penetration-Aspiration scale levels 2-5) occurred in 38% 

(n = 5) of the cohort on thick or thin fluids boluses, with aspiration (Penetration-

Aspiration scale levels 6-8) being identified for 54% (n = 7) of patients, predominantly 

on thin fluid bolus trials (Table 6). Sixty percent (n = 6/10) of penetration/aspiration 

events were silent (participants 10,11,12,13,14, and 18) i.e., the patient had no response 

to the material entering the airway and made no effect to eject the material. No 

penetration or aspiration was observed on trials of solid textures. Aspiration most 

commonly occurred after the swallow (83% of those who demonstrated aspiration on one 

or more fluid consistencies; n = 5). Timing of aspiration after the swallow was immediate 

in one case, delayed due to spill-over of residue in four cases, and a combination of both 

immediate and delayed in one individual. The overall rating for dysphagia severity at the 

conclusion of FEES for each participant is detailed in table 1. For those individuals with 

ongoing dysphagia, 38% (n = 5) of participants had their dysphagia severity reduced as a 

result of their diet status being upgraded following instrumental assessment.  

/insert Table 6 near here/ 

Discussion 

Clinical and instrumental examination of swallowing dysfunction in an adult 

cohort in the acute stages post thermal burn demonstrated a combination of oral and 

pharyngeal deficits which are in agreement with the handful of previously reported single 

case studies4,5,8,9.  Although both clinical and instrumental assessments have their 

strengths and limitations, in this clinical population employing a combination of both 

clinical and instrumental evaluations of swallow function proved imperative to accurately 
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identify the multifactorial deficits contributing to aspiration risk. There were a level of 

disagreement observed between the CSE and FEES findings, with CSE results failing  to 

accurately discern the true severity of the dysphagia in all cases. Specifically, 32% (n = 

6/19) diagnosed as dysphagia per CSE had no dysphagia identified on FEES, and 58% (n 

= 11/19) of patients were incorrectly rated as having a more severe dysphagia on CSE 

than on FEES. Consequently, without instrumental evaluation, some patients would have 

potentially continued to receive modified texture and consistency diets unnecessarily, 

continuing the financial burden associated with ongoing need for altered diets and 

negatively impacting on return to normal oral intake for the patient. However, whilst 

FEES was able to identify those pharyngeal stage deficits contributing to aspiration risk, 

it was unable to discern oral stage deficits that may limit overall ability for oral intake. As 

videofluoroscopy is generally unsuitable for use in the acute burns population
11

, the oral 

stage assessment conducted as part of the CSE proved a valuable part of the total 

assessment process in determining oromotor status and functioning during the oral phase 

of the swallow in this population. Considering the presence of oral and pharyngeal stage 

deficits in this clinical group, information obtained from both clinical and instrumental 

assessment results should be reviewed in combination in order to provide a 

comprehensive picture of all swallowing issues.  

Oromotor dysfunction in terms of weakness, while prevalent, was largely 

unobtrusive to swallow function in the majority of participants at the time of FEES in the 

current study. Long periods of muscle disuse brought on by extended 

intubation/ventilation durations in this population may be an attributing factor to 

weakness29. Furthermore, edema of the orofacial structures for those with facial burns 
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and large body burns (>20% TBSA) may have hindered oromotor functioning within the 

first week post injury. These factors coupled with pain from unhealed burns may impact 

upon strength and range of oromotor movement willingly demonstrated by individuals 

during CSE, rendering the movements to be rated as suboptimal yet functional for oral 

intake as seen in the current study. Difficulties with the oral phase of the swallow at the 

time of FEES manifested solely in individuals with orofacial scarring and contractures, 

thus indicating that oral phase deficits may not persist past the time required for healing 

to occur for superficial and superficial partial thickness burns and may be limited to those 

with deep partial and full thickness facial burns that require surgical intervention and 

long healing times. This finding coincides with the body of research that links orofacial 

contractures and long-term oral dysphagia4,5. Nasopharyngeal, hypopharyngeal, laryngeal 

or tracheal strictures were not present in the cohort studied and thus did not contribute to 

inadequate structural movements during the pharyngeal phase of the swallow. It is 

feasible to hypothesise that laryngeal anchoring may occur in patients with contractures 

on the anterior neck, however this was not observed in this cohort. Strictures after 

thermal burn seem relatively uncommon and reports are sparse within the literature
30

, yet 

are well documented after chemical ingestion injuries31,32. 

Numerous pharyngeal stage deficits have been found to be closely associated with 

increased risk of aspiration in other dysphagic populations, including pooling of saliva
33

, 

laryngotracheal pathology
34-38

, delayed swallow trigger
39

, impaired sensation
40

, reduced 

airway protection
41,42

, and the presence of pharyngeal residue
39,43

. In the current study all 

of these features were found to be prevalent, indicating that this is a clinical cohort at risk 

of aspiration due to multifactorial causes. Even across the spectrum of dysphagia 
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severity, participants in the current group presented with multiple factors contributing to 

aspiration risk. In addition, the potential for aspiration to lead to pulmonary compromise 

in this population was found to be further compounded by the presence of poor cough 

strength and advanced tooth decay. Most participants had weakened cough strength 

indicating the potential inability to successfully clear aspirated secretions. Furthermore 

the high presence of poor dentition is significant, considering the known relationship 

between the number of decayed teeth, missing teeth and poorly fitted dentures and an 

increased incidence of aspiration pneumonia
44-49

. Poor oral hygiene creates a hospitable 

environment for growth of pathogenic organisms in the mouth which further predisposes 

the patient to pneumonia following the aspiration of contaminated oral secretions49-52. 

Hence, there are a number of co-existing factors placing this clinical population at high 

risk for aspiration and possibly the development of aspiration pneumonia. For this reason, 

it is critical that a comprehensive instrumental assessment is conducted alongside the 

CSE to accurately identify all potential risk factors.  

 

Decreased laryngopharyngeal sensation was observed in 77% of the current 

cohort and was potentially contributed to by prolonged periods of ETT intubation and 

ventilation and, in some cases, concomitant inhalation injury. Predisposition for poor 

sensation in the burn population has lead to the prediction of greater incidence of silent 

aspiration
11

, which was a concern in the current cohort in 60% of participants who had 

penetration/aspiration verified during FEES. The potential for silent aspiration and its 

clinical implications further compounds the need for instrumental assessment of swallow 

function post thermal burn injury to detect physiological dysfunction that cannot be 
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reliably determined via CSE.  FEES is particularly suited to the burn population and may 

be the preferred procedure during the acute phase following burn injury due to its ability 

to assess sensory impairment, edema, erythema and ulceration of pharyngeal and 

laryngeal structures caused by concomitant inhalation injury, and its ability to be carried 

out at bedside when mobility and positioning are compromised by pain, splints and 

contractures
11

. Furthermore, FEES is repeatable, which caters for the long recovery 

process for burn patients and allows for assessment of vocal cord integrity and function, 

which can be affected by endotracheal intubation and inhalation injury
53

.  

Laryngotracheal pathology was a prevalent feature across the cohort studied, with 

over a large proportion of cohort demonstrating some degree of anatomical alteration in 

the hypopharynx and larynx. This high incidence of structural abnormality is comparable 

to the findings of Clayton and colleagues
10

 who conducted a retrospective study of 

patients with severe burns who required tracheostomy, and found laryngotracheal 

abnormalities in 100% of participants. In light of their data, Clayton et al
10

 proposed that 

the actual incidence of laryngotracheal abnormality in this population is currently 

underestimated. The current data would concur, and lends evidence to support that 

laryngotracheal pathology is a highly prevalent feature in this clinical population. It is 

postulated that such pathological changes may be caused by the often long periods of 

intubation by either an endotracheal tube or tracheostomy tube, and/or as a consequence 

of mucosal damage caused by inhalation injury
54-57

. In the current cohort, such possible 

causal factors were common with >50% experiencing inhalation injury, 85% undergoing 

prolonged durations of intubation (i.e., 5 or more days with ETT), and 46% requiring a 
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tracheostomy tube. A high incidence of laryngeal pathology within the cohort is an 

important finding, as it could conceivably contribute to the observed aspiration risk.  

Pharyngeal edema was a significant issue for the majority of the cohort and its 

presence has the potential to disrupt sensation and efficiency of the swallow. Widespread 

edema (i.e., beyond the location of the burn injury) is an acute physiological response to 

burns larger than 30%
58

 and is considered an early reaction which resolves within three to 

four days post injury in most cases
58,59

.  Pharyngeal edema that persists past the initial 

injury phase, once fluid resuscitation has been achieved, may be contributed to by the 

presence of long term NGT placement, necessary for the management of the 

hypermetabolic response post burn injury. Further understanding of the impact of 

widespread edema on swallowing and its patterns of resolution is needed. A prospective 

study using repeated FEES assessment would provide valuable insight into this issue. 

Aspiration of saliva is a common feature in patients that are ventilator or 

tracheostomy dependent29,37,60,61, and the presence of pooled saliva is reported to be 

associated with greater likelihood of aspiration of fluids33. It has previously been 

postulated that increased salivary secretions may be precipitated in this population by 

concomitant inhalation injury, with poor cilia functioning and sloughing of and damage 

to the mucosa causing increased secretion production and decreased sensation
11,56,62

. 

Although a large proportion of the cohort (70%) displayed poor ability to manage 

secretions in combination with poor sensation and inhalation injury, this study fails to 

provide statistical evidence to support this theory. Investigation via FEES at earlier and 

multiple intervals post injury may provide a different insight into the effects of inhalation 

injury on secretion management. 
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Premature spillage (mild to moderate deficits in delivery of the bolus into the 

pharynx), a parameter related to the presence of lingual dysfunction63 was observed in the 

current cohort. Although all participants were rated on the CSE as having tongue function 

within normal limits, it is possible that some mild degree of generalised oromotor 

weakness coupled with reduction in sensation may account for poor bolus containment 

prior to swallow initiation in this population. Furthermore, a delayed swallow trigger was 

a frequent deficit. Delayed reflex initiation has been recognised as being strongly 

associated with increased risk of aspiration
42

, with risk of aspiration increasing 

proportionally to the time the bolus dwells in the pharynx before the initiation of the 

swallow64. As no participants in the current cohort were identified as having any 

neurological deficits, it is likely that failure to trigger a swallow promptly is solely 

attributable to the fact that the participant is unaware of the position of the bolus in the 

pharynx. While this may increase the possibility of aspiration prior to the swallow, this 

was not evident within the current cohort. 

Specific pharyngeal phase deficits that have been reported in literature to date for 

patients with burn injury include decreased BOT to PPW movement, reduced pharyngeal 

clearance and suboptimal hyolaryngeal movement4,9,13. Similar characteristics were 

observed across the cohort; a large proportion presented with reduced BOT to PPW 

contact and abnormal pharyngeal longitudinal and constrictor movement. This may lead 

to a build up of residue outside the larynx, contributing to increased aspiration risk. 

Distribution of residue was vastly different for each participant; acknowledgement of 

residue location is imperative in determining the point of breakdown in the process of 

bolus clearance26. Residue was widely dispersed throughout the velopharynx, 
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hypopharynx and larynx, suggesting either a delayed movement or reduced force in one 

laryngeal structure or all muscles involved in performing a swallow26. The presence of 

pharyngeal residue was observed to lead to aspiration after the swallow as the result of 

spill-over into and through the laryngeal inlet for 83% of individuals who aspirated 

during the assessment. Langmore
26

 noted that the overall severity of residue relates 

directly to the sensitivity/response of the patient to the existence of the residue. In the 

burn population altered sensation was a notable feature with 77% of patients registering 

no response to light touch from the scope on assessment. 

The current data would suggest that the deficits contributing to dysphagia post 

burn relate primarily to disruption to the structure and function of the swallowing 

mechanism, largely due to edema and orofacial contracture formation. This information 

has implications for rehabilitation, as it appears the swallow does not necessarily need to 

be retrained at a neurological level, but requires compensatory management of oral and 

pharyngeal deficits through postural adjustment, training of airway protection strategies 

and the use of texture and consistency modification to minimise aspiration risk coupled 

with early and ongoing intervention to minimise/prevent any oral contractures5,65,66. Due 

to the medically fragile nature of this population and the fact that recovery patterns for 

the physiological deficits identified by the current study, such as edema, is unknown, 

regular monitoring of swallow function via both CSE and FEES is recommended to 

optimise the rehabilitation process. 
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Conclusion 

Currently there is very little literature investigating the nature of the swallowing 

impairment post thermal burn injury. Findings of this study identified generalised 

oromotor weakness was observed upon CSE in the majority of the cohort, with functional 

deficits of the oral phase reserved for the few individuals with severe dysphagia and 

orofacial contractures. Observable physiological deficits on FEES that were identified as 

being prominent across the cohort included: laryngotracheal pathology, decreased ability 

to manage secretions, delayed swallow initiation, decreased laryngopharyngeal sensation, 

diffuse pharyngeal residue and a risk of silent aspiration. The need for the introduction 

and routine utilisation of instrumental assessment of swallowing function in some cases 

post thermal burn injury has been highlighted due to the multifaceted nature for the 

dysphagia and the possibility for silent aspiration, a feature undetectable using clinical 

beside evaluation of swallowing. This study has provided a first detailed report of the 

physiological effects of burn injury on swallow function in a group of patients with 

varying degrees of dysphagia. The data presented in this paper facilitates a greater 

understanding of the physiological underpinnings of dysphagia in the burn population, as 

well as promotes the inclusion of SLP services and the use of instrumental evaluations of 

swallowing with this population. Further research however is needed through systematic 

routine FEES assessment of a large prospective cohort in order to examine physiological 

changes and recovery over time. 
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Table 1 Biographical information for 19 participants who underwent FEES assessment for investigation of dysphagia post thermal 

burn injury 

Participant 

number 

Gender Age Burn 

Etiology 

% 

TBSA 

Inhalation 

injury 

Facial 

burns 

Duration 

of ETT 

(days) 

Ventilation 

duration 

(days)� 

Tracheostomy 

In Situ during 

admission 

Initial 

referral to 

SLP (days 

from 

admission) 

Duration 

to FEES 

(days from 

admission) 

Dysphagia 

severity
 #
– 

Pre FEES 

Dysphagia 

severity
#
 – 

Post FEES 

1 M 54 Flame 20 Y Y∞ 21 21 N 24 38 Severe Moderate
~
 

2 F 35 Flame 20 N N 13 13 N 1 41 Moderate Resolved 

3 M 58 Flash 4 Y Y 5 5 N 6 12 Mild Resolved 

4 F 39 Flame 37 N Y 0 0 N 1 5 Mild Resolved 

5 M 60 Flame 53.5 Y Y∞ 13 41 Y^ 44 80 Severe Severe
~
 

6 M 27 Flame 29 Y Y 15 15 N 16 29 Moderate Resolved 

7 M 38 Flame 18 Y Y 5 5 N 6 14 Moderate Moderate
~
 

8 F 18 Scald 22 N Y 15 15 N 4 30 Severe Moderate
~~

 

9 M 54 Combination 24.5 Y Y 17 17 N 19 31 Severe Moderate
~~

 

10 F 31 Scald 40 N N 5 5* Y^ 6 59 Severe Severe
~~

 

11 M 43 Flame 51 Y Y 24 41 Y 45 66 Moderate Moderate
~~

 

12 M 64 Flame 39 N Y 23 36 Y^ 38 65 Severe Severe
~
 

13 M 64 Flame 20 N N 0 0 N 1 12 Severe Severe
~~

 

14 M 80 Flame 30 N N 42 3 N 9 25 Severe Severe
~~

 

15 M 85 Combination 11 Y Y 12 12 N 13 24 Moderate Resolved 

16 M 30 Flame 66.5 Y Y 20 36 Y^ 36 64 Severe Moderate
~
 

17 M 18 Flame 63 Y Y 4 17 Y 17 54 Mild Resolved 

18 F 32 Flame 22 Y Y 13 13 N 14 18 Severe Severe
~~

 

19 M 81 Combination 35 N N 1 1 N 3 27 Moderate Mild 

Note: M = Male, F = Female, ETT = endotracheal intubation, SLP = speech-language pathology, TBSA = total body surface area, Y = 

yes, N = no, ∞ orofacial scarring and contractures present �Ventilatory support provided at initial hospital admission only; * 

additional period of ventilatory support required during inpatient stay ^ tracheostomy tube in situ at time of FEES; 
# 

Dysphagia 

severity as per purpose-built scale for the burn population based on levels of diet restriction only; 
~
 penetration observed; 

~~
 aspiration 

observed.  
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Table 2 Interrater reliability using weighted kappa statistics  

       

Parameter Agreement (%) Expected Agreement (%) Kappa Standard Error Z Prob>Z 

Edema  96.05 80.82 0.7942 0.2219 3.58 0.0002 

Erythema 88.16 84.42 0.2400 0.1598 1.50 0.0666 

Marionjoy Secretion rating scale 99.42 79.66 0.9713 0.2290 4.24 0.0000 

Delivery of bolus into pharynx 94.74 73.13 0.8041 0.2200 3.66 0.0001 

Reflex initiation 96.05 82.06 0.7799 0.2126 3.67 0.0001 

Inadequacy of structural movements during swallow 98.47 52.80 0.9677 0.0874 11.08 0.0000 

Pharyngeal Residue 98.83 80.36 0.9404 0.2290 4.11 0.0000 

Penetration-Aspiration Scale 99.00 67.67 0.9691 0.2039 4.75 0.0000 
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Table 3 Intrarater reliability using weighted kappa statistics (based on 5 repeat viewings per rater) 

        

 Parameter Agreement (%) Expected 

Agreement (%) 

Kappa Standard Error Z Prob>Z 

Edema 95 85 0.6667 0.3771 1.77 0.0385 

Erythema 100 68 1.00 0.4472 2.24 0.0127 

Marionjoy Secretion rating scale 100 80 1.00 0.4472 2.24 0.0127 

Delivery of Bolus into Pharynx 80 56 0.5455 0.3983 1.37 0.0855 

Reflex Initiation 100 52 1.00 0.4472 2.24 0.0127 

Inadequacy of structural movements during swallow 100 80 1.00 0.4472 2.24 0.0127 

Pharyngeal Residue 94.29 51.02 0.8833 0.1690 5.23 0.0000 

Rater A 

Penetration-Aspiration Scale 100 72.22 1.00 0.3536 2.83 0.0023 

Edema 90 80 0.5 0.3464 1.44 0.0745 

Erythema 60 52 0.1667 0.4472 0.37 0.3547 

Marionjoy Secretion rating scale 95 75 0.800 0.422 1.89 0.0294 

Delivery of Bolus into Pharynx 95 85 0.6667 0.3771 1.77 0.0385 

Reflex Initiation 95 77 0.7826 0.3810 2.05 0.0200 

Inadequacy of structural movements during swallow 77.14 50.04 0.5425 0.1690 3.21 0.0007 

Pharyngeal Residue 95.56 82.22 0.7500 0.3606 2.08 0.0188 

Rater B 

Penetration-Aspiration Scale 96.09 75.39 0.8413 0.3498 2.41 0.0081 
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Table 4 Anatomic-Physiologic data collected during FEES for 13 individuals post burn 

Parameter Presence of Characteristic  
N (%) 

Reduced velopharyngeal closure 2 (15) 
Reduced BOT and pharyngeal muscle movement 8 (62) 
Altered structural appearance of the hypopharynx and larynx 
     Laryngeal granuloma (unilateral or bilateral) 
     Laryngeal ulceration (unilateral or bilateral) 
     Edema 
     Erythema 

 
5 (38) 
3 (23) 

10 (77) 
5 (38) 

Altered laryngeal function 
     Decreased TVC movement (unilateral or bilateral) 
     Glottic gap on phonation      
     FVC/AP constriction 

 
7 (54) 
7 (54) 
4 (31) 

Secretion management: Marionjoy secretion rating scale
26 

     Normal 
     Mild 
     Moderate 
     Severe 
     Profound 

 
3 (23) 
6 (46) 
0 (0) 
2 (15) 
2 (15) 

Note: AP = anterior-posterior; BOT = base of tongue; FVC = false vocal cord; TVC = true vocal cord
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Table 5 Oral and pharyngeal phase swallowing characteristics observed during FEES for 13 individuals post thermal burn 

Rating/Presence of characteristic per bolus type 

N (%) 

Parameter 

Thick fluids Thin fluids Solids 

Oral Phase 

Delivery of bolus into pharynx 

     Normal 

     Mild 

     Moderate 

     N/A 

 

2 (15) 

8 (62) 

3 (23) 

0 (0) 

 

2 (15) 

5 (38) 

3 (23) 

3 (23) 

 

2 (15) 

5 (38) 

1 (8) 

5 (38) 

Pharyngeal Phase 

Reflex Initiation 

     Normal 

     Mild 

     Moderate 

     N/A 

 

6 (46) 

5 (38) 

2 (15) 

0 (0) 

 

5 (38) 

4 (31) 

1 (8) 

3 (23) 

 

6 (46) 

1 (8) 

1 (8) 

5 (38) 

Inadequacy of structural movements during swallow 

     BOT 

     Pharyngeal constrictors 

     Epiglottal inversion 

     Velar elevation 

     Arytenoid tilt 

     TVC/FVC adduction 

 

12 (92) 

11 (85) 

9 (69) 

1 (8) 

1 (8) 

5 (38) 

 

8 (62) 

8 (62) 

6 (46) 

1 (8) 

0 (0) 

3 (23) 

 

6 (46) 

6 (46) 

4 (31) 

1 (8) 

0 (0) 

3 (23) 

Pharyngeal residue 

     Normal 

     Mild 

     Moderate 

     Severe 

     N/A 

 

2 (15) 

7 (54) 

2 (15) 

2 (15) 

0 (0) 

 

3 (23) 

5 (38) 

1 (8) 

1 (8) 

3 (23) 

 

2 (15) 

5 (38) 

1 (8) 

0 (0) 

5 (38) 

Note: BOT = base of tongue; FVC = false vocal cord; N/A = not applicable/not trialled; TVC = true vocal cords 
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Table 6 Swallow performance for 13 individuals on fluid and solid boluses as rated on the Penetration-Aspiration scale
27

  

Penetration-Aspiration Scale Thick fluids Thin fluids Solids 

1: Material does not enter the airway 

 

2: Material enters the airway, remains above the VFs and is ejected from the airway 

 

3: Material enters the airway, remains above the VFs and is not ejected from the airway 

 

4: Material enters the airway, contacts the VFs and is ejected from the airway 

 

5: Material enters the airway, contacts the VFs and is not ejected from the airway 

 

6: Material enters the airway, passes below the VFs and is ejected into the larynx or out of the airway 

 

7: Material enters the airway, passes below the VFs and is not ejected from the trachea despite effort 

 

8: Material enters the airway, passes below the VFs and no effort is made to eject. 

 

N/A: Consistency/texture not trialled 

10 (77) 

 

0 (0) 

 

1 (8) 

 

0 (0) 

 

1 (8) 

 

0 (0) 

 

0 (0) 

 

1 (8) 

 

0 (0) 

1 (8) 

 

1 (8) 

 

2 (15) 

 

0 (0) 

 

1 (8) 

 

0 (0) 

 

2 (15) 

 

3 (23) 

 

3 (23) 

8 (62) 

 

0 (0) 

 

0 (0) 

 

0 (0) 

 

0 (0) 

 

0 (0) 

 

0 (0) 

 

0 (0) 

 

5 (38) 
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Appendix A 

Delivery of bolus into pharynx 

1 = Normal 

• Prompt delivery of bolus; No leakage of thin fluids; Small amount of leakage for dual consistencies may 

occur 

2 = Mild impairment 

• Slightly delayed transfer; Incompletely masticated bolus; Small amount of leakage for thin fluids 

3 = Moderate impairment 

• Moderate amount of leakage during oral prep; Difficulty using controlled swallow; Incompletely 

masticated bolus; Poor bolus cohesion 

4 = Severe impairment 

• Large amount of leakage during oral prep; Minimal or no mastication of bolus; Incohesive bolus, spread 

diffusely; No attempt at transfer 

Reflex Initiation (Timing of bolus flow and initiation of swallow) 

1 = Normal 

• Bolus dwelling at base of tongue and/or valleculae for 0-1 seconds 

2 = Mild impairment for 2-5 seconds 

• Bolus dwelling at valleculae, overspilling epiglottis, lateral channels and/or pyriform sinuses 

3 = Moderate impairment for 6-8 seconds 

• Bolus dwelling at valleculae, overspilling epiglottis, lateral channels and/or pyriform sinuses 

4 = Severe impairment for >9 seconds 

• Bolus dwelling at valleculae, overspilling epiglottis, lateral channels and/or pyriform sinuses. 

• Absent reflex 

Pharyngeal residue post swallow (Observations after the swallow) 

1 = Normal 

• No residue; Minimal coating 

2 = Mild impairment 

• Slight residue; Diffuse coating throughout pharynx; Slight pooling in pharyngeal cavities 

3 = Moderate impairment 

• Pooling in cavities (c. up to 50%) 

4 = Severe impairment 

• Fills and/or overflows cavities; May overflow into laryngeal vestibule. 


