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Blonsky, E. R., Logemann, J. A., Boshes, B., & Fisher, H. B. (1975). 
Comparison of speech and swallowing function in patients with tremor 
disorders and in normal geriatric patients: a cinefluorographic
study. Journal of Gerontology, 30(3), 299-303

• 1971 
• Developed to evaluate oropharyngeal swallowing in PD 

patients

• Assess effect of L-dopa treatment

• Protocol
• 2 swallows each 

• 1 ml thin liquid

• 1-3 ml of pudding 

• ¼ Lorna Doone cookie coated with barium pudding
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VFSS Utility

• The “gold-standard" or “criterion” for observation 
and identification of oropharyngeal swallowing 
abnormalities 

• Tests the effectiveness of direct compensatory 
interventions

• Observes the long-term effects of: 
• Rehabilitation 

• Experimental therapies
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Flexible Fiberoptic Laryngoscopy

• Sawashima &  Hirose (1968) 
• Sawashima, M., & Hirose, H. (1968). New laryngoscopic

technique by use of fiber optics. The Journal of the 
Acoustical Society of America, 43(1), 168-169.

• First application to swallowing
• Langmore, S. E., Kenneth, S. M., & Olsen, N. (1988). 

Fiberoptic endoscopic examination of swallowing safety: 
a new procedure. Dysphagia, 2(4), 216-219.
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Langmore, S., Schatz, K. & Olson, N. “Endoscopic 
and videofluoroscopic evaluations of swallowing 
and aspiration.”
Annals of Otology, Rhinology & Laryngology, Vol. 100, 1991, pp. 678-681.

• Compared FEES to VFSS in 21 Patients

• Specificity good 
• Premature spillage

• Residuals

• Laryngeal penetration

• Aspiration
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Number of Publications Fluoroscopy FEES

1960 2 0

1970 10 0

1980 3 1

1990 30 2

2000 61 39

2010 77 39

2015 103 64

2016 110 82

2017 109 75

2018 110 113

2019 116 135

2020 131 146

2021 73 173
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How Does One Choose?

• Projection of possible findings from clinical will guide 
the choice of instrumentation.

• The field of view should determine the 
instrumentation to be used.

• Choose the instrument that will provide a field of view 
that reveals the most salient findings.
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Field of View

• Typical endoscopic 
image will include:
• Nasal cavity

• Nasopharynx

• Hypopharynx

• Endolarynx

• Anterior wall of trachea
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Laryngeal Anatomy

• Larynx rises above floor of pharynx

• Natural barrier to lower airway 

• Shield effect
• Deflects food and liquid around 

airway
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Laryngeal Anatomy
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Feature Nasal NP Port High Home Low

Nasal turbinates

Nasopharyngeal port

Velum

Tongue base

Epiglottis

Valleculae

Pyriform sinuses

Pharyngeal constriction

Anterior cricoid

Arytenoid

Vocal folds

Cricothyroid membrane

Anterior tracheal wall

UES

Scope Position Visualization
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Segmented View of Swallow

Pre-swallow segment
• Tongue base movement 

• Mastication and bolus manipulation

• Bolus advancement to pharynx

• Mid-swallow segment
• White-out

• Tongue or velar trapping of scope against posterior pharyngeal wall

• Preference for velar trapping

• Post-swallow segment
• Return to rest

• Velum drops

• Epiglottis inverted

• Pharynx constricted

Joseph Murray/MSHA 2023



Joseph Murray/MSHA 2023



Joseph Murray/MSHA 2023



Joseph Murray/MSHA 2023



Field of View

• Typical fluoroscopic image 
will include:

• oral cavity

• pharynx

• portions of the 
striated esophagus
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VideoV-4
Review of anatomy and landmarks of the lateral view

Joseph Murray/MSHA 2023



Feature Morphology
(at rest)

Movement Function

Cervical spine

Hypopharynx

Tongue

Velum

Pharyngeal constrictors

Epiglottis

Arytenoid

Vocal folds

Hyoid

Thyroid

Cricoid

Valleculae

Pyriform sinuses

Upper esophageal sphincter

Striated esophagus

Lateral Projection

i



VideoV-6
Review of anatomy and landmarks of the AP view
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Feature Morphology
(at rest)

Movement Function

Nasopharynx

Cervical spine

Hypopharynx

Tongue

Velum

Pharyngeal constrictors

Epiglottis

Arytenoid

Vocal folds

Hyoid

Thyroid

Cricoid

Valleculae

Pyriform sinuses

Upper esophageal sphincter

Striated esophagus

Anterior-Posterior Projection

i



VideoV-7
Review of anatomy and landmarks of the oblique view
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Feature Morphology
(at rest)

Movement Function

Cervical spine

Hypopharynx

Tongue

Velum

Pharyngeal constrictors

Epiglottis

Arytenoid

Vocal folds

Hyoid

Thyroid

Cricoid

Valleculae

Pyriform sinuses

Upper esophageal sphincter

Striated esophagus

Oblique Projection

i
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Imaging the Abnormal 
Swallow

Technical Issues
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Fluoroscopy Rate

• Fluoroscopy rate
• Number of images produced by the fluoroscope 

/second.
• Analog fluoroscopy: 

• Either ON or OFF 

• Image was continuous when ON

• Digital fluoroscopy
• Pulses at set rate

• 30 // 15 // 7.5 // 4 // 2

• Fluid movement on playback at 30 images/sec
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Frame Rate

• How many images are forwarded to the display?
• National Television System Committee  (NTSC)

• 30 images (frames)/second

• Phase Alternation Line (PAL)
• 25 images (frames)/second

• Screen density can vary depending on 
manufacturer
• Many variables and settings

• Ideally 30 frames/second
• Scaled symmetrical image
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Image Storage and Retrieval

• Ideally
• Exact 30 frame/sec recording of 30 pulse/sec study

• Local storage on hard drive  

• In suite review with patient after study
• Upload or download via Picture Archiving and 

Communication System (PACS) in the Digital Imaging and 
Communications in Medicine (DICOM) format

• Centralized access to storage and download
• Remote access of archived system via PACS

• Less-ideal
• Recording is limited by system storage capacity
• Archiving and retrieval limited by IT constraints
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30 pulses/second
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30/15/7.5/4/2 
pulses/second
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30 pulses/second
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15 PPS30 PPS

4 PPS7.5 
PPS
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Controlling Error:
Methodical Review
• First 10 seconds of mammogram review

Copyright ©Radiological Society of North America, 2007

Kundel, H. L. et al. Radiology 2007;242:396-402

Attending Fellow Resident
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Search and Find vs. Holistic 
Perception
• Kundel et al. (2007) Mammogram search

• Brain function responsible for facial recognition and 
brain function involved in recognition of radiographic 
abnormalities may be linked

• Less-expert observers unable to draw on the initial 
holistic perception 

• Left to search the image to discover image features that 
may be abnormal

• Concluded that exclusive use of the search-to-find 
strategies  lead to slower identification and more errors
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Controlling Error
Methodical Review VFSS
• Different visualization 

• Mammography
• Static

• VFSS
• Dynamic

• No universally recognized methodical review

• Using a standardized method that forces discrete 
scoring helps!
• MBSimp
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• Compared 30- to simulated 15-
• MBSImp

• 6 components with differing judgments
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• Methods:
• Two judges viewed 190 swallowing loops viewed at 15 and 

30fps from N=32 consecutive pediatric patients

• Judgements:
• Physiological swallowing components 
• Initiation of pharyngeal swallow
• Anterior hyoid excursion
• Epiglottic movement
• Pharyngeal contractions
• Pharyngeal–esophageal segment opening
• Tongue base retraction
• PAS

• Normal=144 loops
• Disordered=46 loops 

• Penetration=23
• Aspiration=23 Joseph Murray/MSHA 2023



Methods:
Two judges viewed 190 swallowing loops viewed at 15 and 30fps from 
N=32 consecutive pediatric patients

Judgements:
Physiological swallowing components 

Initiation of pharyngeal swallow
Anterior hyoid excursion
Epiglottic movement
Pharyngeal contractions
Pharyngeal–esophageal segment opening
Tongue base retraction

PAS

Normal=144 loops
Disordered=46 loops 

Penetration=23
Aspiration=23
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Results:
3 false positive 
3 false negative 
(All were grade 2 and 3 penetrations)

Sensitivity= 93% (CI 0.82–0.98) 
Specificity= 98% (CI 0.94–0.99) 

Positive Predictive Value = 93%
Negative Predictive Values = 98%. 

Cohen’Kappa coefficient between the interpretation of each
swallowing at 15 and 30 fps was “almost perfect” 
(κ = 0.95; CI 0.88–0.99).
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Kelly, A., Drinnan, M.,  Leslie, P., (2007) Assessing Penetration and 
Aspiration;  How do Videofluoroscopy and Fiberoptic Endoscopic 
Evaluation of Swallowing Compare?  

Laryngoscope, 117:1723-1727

• Prospective, Single Blinded 

• 15 Simultaneous VFSS and FEES

• 15 Independent Raters used PAS

• PAS scores higher for FEES (<.001)

• Mean difference between FEES and VFSS
- 1.15 points

- Penetration and aspiration percieved to be more 
severe with FEES
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Assessing Penetration and Aspiration: How Do Videofluoroscopy and Fiberoptic Endoscopic Evaluation of 
Swallowing Compare?

The Laryngoscope
Volume 117, Issue 10, pages 1723-1727, 2 JAN 2009 DOI: 10.1097/MLG.0b013e318123ee6a
http://onlinelibrary.wiley.com/doi/10.1097/MLG.0b013e318123ee6a/full#fig1
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Assessing Penetration and Aspiration: How Do Videofluoroscopy and Fiberoptic Endoscopic Evaluation of 
Swallowing Compare?

The Laryngoscope
Volume 117, Issue 10, pages 1723-1727, 2 JAN 2009 DOI: 10.1097/MLG.0b013e318123ee6a
http://onlinelibrary.wiley.com/doi/10.1097/MLG.0b013e318123ee6a/full#fig1
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Kelly et al. (2007)

• Conclusions
• Rater’s judgmeent of the severity of the penetration or 

aspiration is affected by the type of examination 
performed

• Raters consistently scored FEES higher on the PAS scale 
than VFSS

• Serious implications for the interchangeable use of these 
examinations in clinical practice
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• Prospective, single-blind assessment

• Simultaneous videofluoroscopy and FEES 
recordings 

• Raters blinded 
• pairing of the videofluoroscopy and FEES

• other raters' scores

• 15 Patients

• Simultaneous VFSS and FEES 
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• Compiled images from simultaneous FEES and MBS videos to create 3D images



Kim (2021) Vallecular Volume Prediction



Laryngeal elevation/Epiglottal Iversion
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Epiglottal Inversion

• Mechanism for movement is unclear

• Likely multifactorial but closely related to
• Tongue base retraction

• Pharyngeal shortening/laryngeal elevation

• Long pharyngeal muscles (styloglossus, hyoglossus)

1. Movement to horizontal

2. Movement to full inversion

Joseph Murray/MSHA 2023



Laryngeal Elevation/Epiglottal Inversion
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Video V-26 
Normal epiglottic inversion
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Abnormal Epiglottic Function

• Often present with vallecular retention

• Structural deficits
• Congenital defect

• Surgical resection

• Edema

• Obstruction (cervical osteophytes)

• Poor muscular function
• Tongue base retraction

• Pharyngeal shortening/elevation
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Video V-27
Abnormal inversion of epiglottis
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Hyolaryngeal Elevation

• As the hyolaryngeal complex elevates
• Floor of the pharynx elevates with it resulting in a 

shortening of the pharynx. 

• Elevation has two components: 
• Anterior movement

• Superior movement  
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Pharyngeal Shortening/Laryngeal Elevation

Pharyngeal shortening
• Stylopharyngeal contraction

Laryngeal elevation
• Suprahyoid contraction

• Thyrohyoid contraction
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Hyolaryngeal Elevation

• As the hyolaryngeal complex elevates
• Floor of the pharynx elevates with it resulting in a 

shortening of the pharynx. 

• Elevation has two components: 
• Anterior movement

• Superior movement  
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Normal hyolaryngeal elevation
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Hyolaryngeal Elevation

• Suprahyoid muscles contract after the mandible 
closes tightly

• Contraction from the immobile mandible allows 
• Vigorous fixation at full contraction of the suprahyoid 

muscles. 

• Fixation of the hyoid and mandible together offer a 
firm base for the elevation of the thryoid and 
cricoid cartilages.  
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Objective Measures of 
Hyoloaryngeal Elevation
• Larynx moves approximately 2 – 2.5 centimeters, from 

rest to maximum elevation 
• (Dengel et al., 1991; Kahrilas, Lin, Chen, & Logemann, 1996; 

Kuhl, Eicke, Dieterich & Urban, 2003) 

• Visually tracking hyoid and laryngeal elevation: 
• Inexact (at best!!!)

• Perlman, Van Daele, and Otterbacher (1995)
• Correlation analysis comparing subjective and objective 

assessments of hyoid movement 
• Found that the correlation was not strong.  
• Evaluators were more likely to judge hyoid elevation to be 

inadequate when the anterior movement component was reduced
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Objective Measures of 
Hyoloaryngeal Elevation
• Exact minimum amount of hyoid and laryngeal 

elevation necessary to adequately promote 
epiglottic inversion and UES opening is not known 
• (Chi-Fishman & Sonies, 2002) 

• If it were known, it would very likely be difficult to 
determine the presence of a defect subjectively
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A few examples of poor elevation
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Video Processor Settings

• Check Video Processor Settings!
• Goal is not to get a close view of surface mucosa

• Goal is to maximize visualization of swallow function

• Best visualization of the post-swallow segment

• TURN-OFF!
• Automated light brightness 

• Automated auto-iris

• Set light brightness to “MANUAL”

Joseph Murray/MSHA 2023
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Viewing Epiglottal Inversion



Epiglottal Inversion

• Inversion dependent on
• Hyolaryngeal elevation

• Hyo-epiglottic ligament traction

• Visualization of inversion
• Allows for inference of adequate elevation

• Visualization of lack of inversion
• Allow for inference of poor elevation

• Distal pharyngeal retention strengthens inference
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Imaging the Abnormal 
Swallow

Scaling and Scaling Issues
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A Word About Scaling

• Requirements
• Construct validity

• Useful

• Effective

• Easy to use

• Repeatable
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Reliability and Accuracy

Low Reliability 
High Accuracy

Low Reliability 
Low Accuracy

High  Reliability 
Low Accuracy

High  Reliability 
High Accuracy

Joseph Murray/MSHA 2023



A Word About Protocols

• The GOOD:
• Predictable and consistent data set
• Uniformity in delivery of care
• Check lists keep you on track

• The BAD:
• Predictable and consistent data set

• Tempting to believe “one size fits all”
• Suppresses innovation

• Uniformity in delivery of care
• May not reveal idiosyncrasies of the individual
• Personalization more powerful than generalization
• All patients are an N=1
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Ann Arbor FEES Protocol

The examination is broken into two loose sections:

•Part One

•Observation:
• Occurs during the initial passage of the endoscope and is 

reserved for:
• The survey of anatomy

• Elicitation of anatomic movements

• Observation of secretion management

• Monitoring of spontaneous swallows  
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Ann Arbor FEES Protocol

•Part Two

•Presentation of food and liquid: 
• Various consistencies of food are 

presented
• Interventions are attempted
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Secretions in laryngeal vestibule or tracheaNo secretions in laryngeal vestibule or trachea

Present 1-2cc ice chipsObserved to swallow without aspiration

Puree/pudding x 2

Thin Liquid

Progressively larger 

controlled volumes

Implement appropriate compensatory strategy based on specific 

swallow impairment, e.g. chin tuck, thickened liquid.

Start compensation at volume aspirated

Repeated aspiration

No repeated aspiration No significant residue

Pyriform sinus residue: Significant residue

Solid food trials

No instances aspiration and/or 

significant residue

No/Minimal residue

Self-administered thin liquid

Sequential swallows if able

Complete with appropriate 

compensation if warranted

Dry swallow/ liquid wash

Continued residue

Unsuccessful

Effortful swallow or other 

intervention

Continued aspiration and/or significant 

residue-consider stopping study

Bilateral Unilateral

Head turn to side with retention
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Penetration-Aspiration Conventions

• Penetration- The passage of material into the 
laryngeal inlet without passing below 
the level of the true vocal folds.

• Aspiration- The passage of material below the level 
of the true vocal folds
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Table 1. Eight-Point Penetration Aspiration Scale.15. 

Meredith B. O’Dea et al. Ann Otol Rhinol Laryngol 

2015;0003489415570935

Copyright © by SAGE Publications Joseph Murray/MSHA 2023



PAS Scaling
Good and Less Good
• Good!

• The PAS is ubiquitous 
• Striates events of aspiration and penetration
• Further striates sequalae to aspiration or penetration

• Less Good
• The scale is purported to be an interval scale
• Combines two domains 

• Depth of bolus travel 
• Clearance of the airway 

• Likely categorical rather than ordinal or interval
• Data manipulation issues
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McCullough, G. H., Rosenbek, J. C., Robbins, J. A., Coyle, J. L., & Wood, J. L. (1998). Ordinality and 
intervality of a penetration-aspiration scale. Journal of Medical Speech Language Pathology, 6, 65-72.

• “The present study reveals two violations of 
ordinality.  A high proportion of judges through that 
the material remaining in the airway, regardless of 
the level to which it descended, was more severe 
than if material, regardless of depth, was expelled.”

• 3 and 4 were reversed

• 5 and 6 were reversed
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McCullough et al. 1998

• “Judges believed that where material ends up is 
more critical to severity than is the level to which 
the material descends.”

• Intervality is questioned
• Distances between scores were not equal
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• Construct validity intact:
• Scale does what it said it does

• Describes depth and expulsion

• Rare Scores:
• 4&6 appear much less common than other scores

• Poses challenges for score distribution

• Ordinality:
• Not ordinal, should be a categorical scale
• Described well by McCullough

• Intervality:
• See Ordinality

• Data is not continuous
• Often see means reported with decimal places
• At least one study with means of 4.9 and 5.1 that were described as 

“statistically significant”
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Steele: PAS Reflections (cont)

• Reduce the number of “levels”
• FEES unlikely to reveal level 2

• More appropriate to use frequency measures
• Report “typical” or “most common”

• Use Quantiles
• Crude but easy to interpret as categories
• Look for shifts between categories

• “healthy” (low on the scale)
• “unhealthy” (high on the scale)

• Use logistic regression
• Does not require continuous parameters
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Proposed Reorganization of Scale

Joseph Murray/MSHA 2023



Kim, YJ., Koh, ES., Kim. HR., et al. The Diagnostic Usefulness 
of the Fiberoptic Endoscopic Evaluation of Swallowing J 
Korean Acad Rehab Med 2011; 35: 14-22

• 69 Subjects 
• Simultaneous VFSS and FEES

• Blinded

• Modified PAS Scale

• Significantly greater detection of aspiration using 
FEES
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• Kim et al. 2011
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• Kim et al. 2011
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Retention 

•Disordered propulsive components

•Bolus Clearance and Driving Forces
• Tongue Driving Force
•Pharyngeal Contraction
•Pharyngeal shortening/Laryngeal 

Elevation
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Dziewas R,Warnecke T, Ritter M,Dittrich R, Schilling M, Schäbitz WR,
Ringelstein EB,Nabavi DG (2006) Fatigable Swallowing in Myasthenia Gravis
– Proposal of a Standardized Test and Report of a Case. J Clin Neuromusc Dis
8:12–15

• Attempt to quantify and monitor fatigue during 
mealtime in myasthenia gravis patients

• Patients were given up to 30 consecutive pieces of 
bread  (3cmx3cmx0.5 cm)

• If > 50% of bolus is retained the procedure was 
stopped

• The number of successfully swallowed bread pieces 
at that point (1 to 30) quantified the degree of 
fatigable swallowing
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Warnecke, T. Teismann, I. Zimmermann, J. Oelenberg, S. Ringelstein, 
E. B. Dziewas, R.J Fiberoptic endoscopic evaluation of swallowing 
with simultaneous tensilon application in diagnosis and therapy of 
myasthenia gravisNeurology (2008) 255:224–230

• Case series 

• Subjects: Four severely affected patients with dysphagia as their 
leading symptom were examined

• Monitored for normalization or improvement of swallowing 
function shortly after Tensilon administration 

• Results
• Three/four FEES-Tensilon Test positive for MG-related dysphagia. 

• FEES-Tensilon Test was useful in the differentiation between 
myasthenic and cholinergic crisis and in guiding treatment decisions. 

• Conclusion The FEES-Tensilon Test is a suitable tool in the diagnosis 
and therapy of myasthenia gravis with pharyngeal muscles 
weakness.
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2021  Journal of Speech, Language, and Hearing Research, 64(6), 1802-1810.



Hutcheson, K. A., Barrow, M. P., Barringer, D. A., Knott, J. K., Lin, H. Y., 
Weber, R. S., ... & Lazarus, C. L. (2017). Dynamic imaging grade of 

swallowing toxicity (DIGEST): scale development and 
validation. Cancer, 123(1), 62-70.
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Digest Score

• Interaction of Safety and Efficiency Scores
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• Standardized approach for rating pharyngeal residue, penetration, and 
aspiration during FEES

• Consensus panel (N=6) of experienced FEES users
• Rated swallowing performance on 55 swallow sequences

• PAS















VASES Consensus Scores



25 Novice VASES Users



Curtis, J. A., Borders, J. C., Dakin, A., & Troche, M. S. (2023). 

Normative Reference Values for FEES and VASES: A Prospective, 

Observational Study of Non-dysphagic, Community-dwelling Adults.

• 38 normal subject
• 15 Swallow trials (all uncued)

• 584 Swallow trials analyzed



VASES Normative Data

• Primary outcome measures:
• Bolus location at swallow onset

• Penetration-Aspiration Scale (PAS) scores

• Percentage based residue ratings for six anatomic landmarks

• Secondary outcome measures: 
• Sip size

• Bite size

• Number of swallows/bolus

















Reflection

• Technology continues to advance
• High Resolution Manometry

• Improved Ultrasound techniques

• Fast MRI

• Expect change in technology

• Expect associated change in practice

• Embrace change!
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