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1
CHAPTER 1
INTRODUCTION

“Amyotrophic Lateral Sclerosis (ALS) is one of th@ost common neuromuscular
diseases worldwide, and people of all races andietiackgrounds are affected” (NINDS,
2013). ALS is a rapidly progressive neuromuscdlaease characterized by degeneration of
the upper motor neurons (UMN) in the cortex, ana/do motor neurons (LMN) in the
brainstem and spinal cord (Francis, Bach, & Dell209; Giordana, 2011; Kiernan et al.;
Kumar, Aslinia, Yale, & Mazza, 2011). Increasedscia tone and spasticity are a result of
deterioration of UMN tracts. Muscle flaccidityyaphy and fascicule are due to deterioration
of LMN tracts (Baumann et al., 2010; Giordana, 2(igernan et al.; Misulis & Head, 2007,
Yorkston, Miller, & Strand, 1995). Disease pres¢ioh, both onset and progression, is
unique to each individual. Functional declinendapendent of age of onset or initial clinical
presentation (Kawai et al., 2003; Yorkston et H995). The average life span after diagnosis
is approximately two to five years (Bradley et 2D01; Giordana, 2011).

Progressive deterioration in speech, swallowingrasgiratory function has been well
documented (Hillel, 1999; Kawai et al., 2003; Kuinlet al., 2008; Ruoppolo et al., 2013;
Sathyaprabha, Pradhan, Nalini, Thennarasu, & R2Q10; Tjaden & Turner, 2000). A
decline in speech function often precedes changswallowing (Ball, Willis, Beukelman, &
Pattee, 2001; Devine, 2013). Furthermore repeasséssments of swallowing function to
determine the severity of dysphagia, disorderedlsweng ability, and to reduce the risk of
aspiration are vital. Aspiration, the passageoofif liquid or saliva into the lungs, may result
in pneumonia (Hadjikoutis & Wiles, 2001; Scannapie2014; Smith Hammond, 2008).

Respiratory failure in ALS, is frequently the rdasof bronchopneumonia, a lung infection of



2
fungal, viral or bacterial (including aspiratiomigin (Corcia et al., 2008). Mortality in ALS
IS most commonly a result eéspiratory failure (Czaplinski, Yen, & Appel, 2Q0Bitting,
Paillex, Hirt, Aebischer, & Schluep, 1999; Hardim@011b; Kiernan et al.; Mathus-Vliegen,
Louwerse, Merkus, Tytgat, & Vianney de Jong, 1994ygan et al., 2005; Similowski et al.,
2000; Vender, Mauger, Walsh, Alam, & Simmons, 200l a study by Corcia et al. (2008),
post-mortem autopsy found that pneumonia was theecaf death in approximately 75% of
individuals with ALS.

Compensatory strategies and diet modification dtenorecommended to address
issues of dysphagia in individuals with ALS. Recoemdations are generally reactive, based
on an individual's complaints. Experienced Speeahguage Pathologists attempt to predict
the likely progression of dysphagia based on dihiassessment of components of the
articulatory, respiratory and swallowing systemsAlthough a relationship between
deglutition, articulatory, and respiratory functsois known to exist, very little research has
been conducted to attempt to identify measuresdatepredictive of decline in swallowing
function in ALS. There is an absence of foundaloavidence on which to base any
predictive measures regarding the severity of dgg@h The purpose of this study is to
determine if the severity of dysphagia, as deteeniip Penetration Aspiration Scale (PAS)
ratings (Rosenbek, Robbins, Roecker, Coyle, & Wd@86) and pharyngeal residue scale
ratings (Kelly, Macfarlane, Ghufoor, Drinnan, & Le®@or, 2008) in individuals with ALS,
can be predicted through performance on diadoclesisn(DDK) and force vital capacity
(FVC) measures. Additional aims of this study umid the investigation of potential
predictive relationships between dysphagia ratengs$ other commonly utilized measures in

the evaluation and treatment of ALS including diaratof disease, type of onset (axial,
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bulbar, mixed), current Amyotrophic Lateral Scleso§unction Rating Score — Revised
(ALS-FRS-R) score (Cedarbaum et al., 1999), bodgsmadex, and the Dysphagia Handicap
Index (DHI) patient-reported outcomes based dysiphtpl (Silbergleit, Schultz, Jacobson,
Beardsley, & Johnson, 2012).

Based on existing literature describing the proocafssormal swallowing and the
known deficits attributed to ALS, the following ligypothesized: 1) There will be significant
negative correlations between rate of productiowliaflochokinetic tasks with PAS ratings,
pharyngeal residue ratings, and number of swallpgrsbolus; 2) There will be significant
negative correlations between FVC performance RAIS ratings, pharyngeal residue ratings
and, number of swallows per bolus; and 3) Thereé bel significant positive correlations
between DHI total score and PAS rating, pharyngesilue ratings, and number of swallows

per bolus.
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CHAPTER 2
REVIEW OF LITERATURE

The existence of a degenerative process resulinguscle weakness and spasticity
including changes in speech, swallowing and regpiydunction has been documented since
the early 1800’s. Charles Bell was credited adfitise Neurologist to describe cases of ALS
(Rowland, 2001) while Aran, Duchenne and Cruveilt@ntributed to early understanding of
the syndrome (Gubbay, 1985; Wijesekera, 2009).8691 Dr. Jean Martin-Charcot was the
first to provide a complete description of symptoam&l neurogenic impairments associated
with motor neuron involvement, and in 1874 he dshbd Amyotrophic Lateral Sclerosis
(ALS) as a unique disease (Rowland, 2001). Durlmng 19" century, multiple physicians
conducted research to investigate the etiologiesvamfous disorders with similar muscle
involvement that would be classified as Motor NeuRisease (MND) (Mitsumoto, Chad, &
Pioro, 1998; Rowland, 2001)
Motor Neuron Physiology

In order to understand MND, it is important to ewae the motor system and function
of motor neurons. Motor neurons are composed i&etlhegions, UMN, LMN and bulbar
region of the brainstem (Kiernan et al.; Wijesek@@09). Together these three regions are
responsible for relaying impulses necessary foumary motor activity from the motor
cortex in the cerebrum through descending motohvpays to the desired muscles. The
motor cortex is composed of the premotor corter, shpplemental motor cortex and the
primary motor cortex (Mitsumoto et al., 1998). Tgremotor cortex is involved in processing
and planning the initiation of movement and thepd&imental motor cortex is responsible for

programming complex muscle sequences (Mitsumotal.et1998). Finally, the primary
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motor cortex is responsible for initiation and sg#h of muscle contractions (Carrow, Rivera,
Mauldin, & Shamblin, 1974; Mitsumoto et al., 199&ismann, 2011).

According to Mitsumoto et al. (1998), upper mot@urons originate in one of the
areas of the motor cortex and relay neural imputsesMNs through the pyramidal tract.
The pyramidal tract controls volitional movementiaa composed of the corticobulbar and
corticospinal tracts. Corticobulbar tract fibeggapse with cranial nerves in the brainstem
and are responsible for voluntary control of musdi@volved in speech and swallowing
including the larynx, pharynx, palate, face and {&ernan et al.). Corticospinal tract fibers
synapse with LMN in the spine and govern voluntéine muscle movements of the
extremities. Impairments to the corticobulbar amdticospinal tracts are characterized by
muscle spasticity.

Motor Neuron Diseases

Motor Neuron Disease (MND) is a category of prognes neurogenic disorders
characterized by degeneration in one, two or akdlregions of the motor pathway. The
category of MND is composed of six disorders whes®logies are either hereditary,
sporadic or both (Mitsumoto et al., 1998). Amyetia Lateral Sclerosis is largely sporadic,
but approximately 10% of documented cases are hangdn nature (Haverkamp, 1995;
Kiernan et al.; Wijesekera, 2009). ALS is defir®ddegeneration in both UMN and LMN
tracts with impairments in axial and bulbar funnsqChen, 2005; Kiernan et al.). Mitsumoto
et al. (1998) summarized the motor system impaitméor each of the MNDs. Primary
lateral sclerosis (PLS) is a sporadic disease ctaraed by UMN impairments of the face
and extremities. Adult onset Progressive BulbdsyP@BP) is a sporadic disease, defined by

initial degeneration of LMNs at the brainstem lewadfecting speech, swallowing and
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mastication. Progressive Muscular Atrophy (PMA)assporadic disease, described by
degeneration of LMNs resulting in progressive axialakness and atrophy without UMN
degeneration. It is highly likely that PLS, PBRdaPMA will eventually become ALS
(Carrow et al., 1974). There is a chance, howebeat, each of those diseases will remain a
pure disease process without transformation to ALBhe other two diseases included in the
MND category are pure diseases. Spinal musculaplay (SMA) is a hereditary autosomal
recessive disorder resulting in lower motor neuropairments with axial weakness. Lastly,
pseudobulbar palsy is a sporadic disorder withraetgion of UMN impairment affecting
speech and swallowing function without LMN involvent or degeneration.
Diagnostic Testing

Diagnosis of MNDs require a thorough assessmeliting several diagnostic tools.
Often confirmation of ALS is generally a diagnosfsexclusion. There are many disorders
that may result in motor neuron impairment. Thesmocommon differential diagnoses
include stroke, brain or spinal cancer, and sptahosis (Mitsumoto et al., 1998). The most
important diagnostic tool is clinical presentatiamd a thorough history and physical
examination.  Supportive information is necessargmf additional testing including
neuroimaging of the head and spine to assess fenta cerebral infarcts, tumor and nerve
impingement in the spinal column; electromyograffeyG) to evaluate nerve conduction of
UMNSs and LMNs; blood tests to evaluate creatinesphokinase (CPK) levels, an enzyme
found in the heart, brain and skeletal muscle thaecreted into the blood when muscle stress
or damage occurs; and on rare occasion a musclesyis completed (Brooks, 1994;
Mitsumoto et al., 1998). A diagnosis of ALS makdaup to fifteen months from initial

symptom onset (Hardiman, 2011b).
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EMG assessments are crucial to diagnose ALS arel &NDs. The requirements
for World Federation of Neurology Criteria for tBeagnosis of ALS include 1) presence of
LMN degeneration in one or more of the four regiofmulbar, cervical, thoracic,
lumbrosacral); 2) presence of UMN degenerationnia or more of the four regions; and 3)
determined progression of symptoms and spreadingnpfirment across regions. The
diagnosis is further classified as definite, prdbapossible, or suspected ALS based upon the
EMG findings. Definite ALS is defined through cloal presence of both UMN and LMN
signs in the bulbar region and two or more spirglans, or the presence of UMN and LMN
in three spinal regions. Probable ALS is defingdically with UMN and LMN in at least
two regions, but the regions may be different. sitde ALS is defined as UMN and LMN
present in only one region, or UMN signs presentwo regions without signs of LMN
involvement. Primary lateral sclerosis and progiresbulbar palsy are a few of the disorders
that fall in this category. Suspected ALS is defiras presence of only LMN involvement in
two or more regions (Brooks, 1994; de Carvalhd.e2808).
Amyotrophic Lateral Sclerosis

Amyotrophic Lateral Sclerosis is a complicated dgge that remains difficult to
diagnose due to the variation of symptoms at oasdtvaried rate of progression (Hardiman,
2011a). Approximately 70% of the individuals diagad with ALS present with axial
involvement, while 25% experience initial changedulbar function, speech or swallowing
function (Hardiman, 2011a; Kuhnlein et al., 2008).small percentage initially experience a
combination of bulbar and axial impairment (Kiernanal.; Paris et al., 2013; Teismann,
2011; Yorkston et al., 1995). Less than five petaef all patients with ALS experience

respiratory impairments as the initial symptom (lexan, 2011a; Lo Coco et al., 2006;
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Similowski et al., 2000; Vender et al.,, 2007). &se progression eventually affects all
extremities, speech production, respiration andlewang function (Hillel, 1999; Kawai et
al., 2003; Kuhnlein et al., 2008; Ruoppolo et 2013; Sathyaprabha et al., 2010; Tjaden &
Turner, 2000). The disease course and rate ofngechries from individual to individual.
When presenting symptoms are bulbar in naturepid rate of decline with reduced length of
survival is likely.

ALS — Early Speech and Swallowing Signs

Subtle changes in speech production usually preckdeges in swallowing function
(Haverkamp, 1995; Kuhnlein et al., 2008). Speebhnges are largely due to lingual
weakness resulting in imprecise movement generahign tired and then becoming more
consistent throughout the day (Dworkin, AronsonM&lder, 1980; Weismer, Yunusova, &
Westbury, 2003). Hypernasality also becomes appalge to palatal weakness (Kuhnlein et
al., 2008). As oral muscle strength declines, pewpth ALS will experience a decrease in
rate of speech and vowel production will becomeredined (Hillel, 1999; Turner & Tjaden,
2000). Throat clearing and coughing with liquidgsgenerally the first reported sign of
swallowing difficulty (Strand, Miller, Yorkston, &illel, 1996). Swallowing impairments
generally occur with liquids first due to the inased transit speed of liquids which requires
more precise and timely coordination of oral phgsal muscle movements for airway
protection and bolus propulsion. Oral preparatibfood is affected by lingual weakness and
masseter weakness (Chen, 2005). As muscle strelegiines, meal time increases due to
inefficient mastication and bolus propulsion resigjtin residue in the oral cavity and the

pharynx requiring additional dry swallows to clélae oral-pharyngeal region.



Respiratory Function in ALS

The pulmonary system is a complex system invol&trgctures, muscles and nerves
originating in the brainstem and traveling infelyaio the diaphragm and abdominal muscles
(Similowski et al., 2000). Impairment in diaphragnovement and the phrenic nerve has
been implicated in the decline of pulmonary functend presence of dyspnea, shortness of
breath. There is a strong correlation betweereptiwith reported dyspnea and increased
respiratory rate, discoordinated abdominal movenvatit respiration, and decreased lung
vital capacity (Similowski et al., 2000). Dyspnsajuite common in the middle to late stages
of the disease process (Lo Coco et al., 2006).

Respiratory compromise in ALS is due to a comboratf denervation of upper and
lower motor neurons resulting in impairment of #lkee muscle groups of respiration,
inhalation, exhalation and the upper airway inahgdithe palate and larynx, (Lyall,
Donaldson, Polkey, Leigh, & Moxham, 2001). Pasewith the bulbar type of ALS have a
higher likelihood of respiratory involvement in cparison to ALS patients with strictly limb
involvement. A study by Lyall et al. (2001) revedglthat respiratory involvement in bulbar
ALS was correlated specifically with lower maximwerpiratory pressures, lower maximum
inspiratory pressures, and increased rate of espyr decline. Respiratory decline is often
accompanied by a slow generalized decline in ovstiangth (Magnus et al., 2002; Schmidt
et al., 2006; Similowski et al., 2000). Frequesgessment of pulmonary function is a critical
determinant in predicting the rate of progressiod &ngth of survival in ALS (Lechtzin,
Rothstein, Clawson, Diette, & Wiener, 2002; Lechtzshade, Clawson, & Wiener, 2006;

Schmidt et al., 2006).
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Pulmonary function measurements are conducted ghrawasive and non-invasive
methods. Invasive measurements are more accundtalde to detect changes in muscle
function, however, they also require internal ptaeat of balloon catheters in the mid-
esophagus or at the level of the diaphragm. Nwasive measurements involve either a
mouth piece or a nasal catheter. There are sewveliabnal non-invasive methods to assess
respiratory function. Some of these non-invasigeseasments have high sensitivity and
specificity similar to that of invasive measureg¢htzin, Wiener, Shade, Clawson, & Diette,
2002). All volitional measurements of respiratfupction are vulnerable, to some degree, to
submaximal effort and poor lip seal (Fitting, 2008adjikoutis & Wiles, 2001; Héritier,
Rahm, Pasche, & Fitting, 1994; Lechtzin, Rothsteinal., 2002; Lyall et al., 2001). The
most common methods of respiratory assessmentd@cforced vital capacity (FVC),
maximum inspiratory pressure (MIP), and maximumimtpry pressure (MEP). Of these
assessments, the most researched and commonlynesledd is forced vital capacity (FVC)
in the upright position (Schmidt et al., 2006).

Longitudinal research has established the impogtahcontinued assessment of FVC
throughout ALS disease progression (Hadjikoutis &léd/ 2001; Vender et al., 2007).
Assessment of respiratory function in patients vAltS through measurement of FVC has
been conducted as a standard of assessment foryears/(Lechtzin, Rothstein, et al., 2002).
An average decline in FVC of approximately 3.5% pemth is common in ALS (Lechtzin,
Wiener, et al., 2002). To measure FVC, a subgatsked to take a deep breath and exhale as
quickly and forcefully as possible for as long asgble through a mouthpiece. Normative
data has been established for age, height, weightgander. Measurements are generally

reported in liters and as a percentage of predicadde (Lo Coco et al., 2006). FVC has been
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highly correlated with scores obtained on the MOALS Scale of thirty-four parameters of
function (Lechtzin, Rothstein, et al., 2002; LeahiaViener, et al., 2002). The forced vital
capacity measure is able to identify changes ipira®ry function with 53% sensitivity and
89% specificity (Lechtzin, Rothstein, et al., 200%all et al., 2001).

Predictive Ability of Respiratory Measures

Respiratory measures are currently used to predectikelihood of mortality once
respiratory function falls below a certain degréengpairment in individuals with ALS. A
study by Morgan et al (2005) reported that in tHeSApopulation, the FVC measure was
58% sensitive for predicting mortality in six mostivhen the measurement was below 50%
of the predicted value; however, when FVC was @gretitan 50% of the predicted value the
measure was 96% specific. Respiratory assessimenigh FVC is effective in documenting
profound respiratory involvement. Upright FVC lea80% predictive value for ALS survival
at one year when scores were within normal rangenit et al., 2006).

Normal Swallowing

Normal swallowing function is dependent on coortkda precise controlled
movements of the articulators (Groher, 1992)he movements and timing of swallowing
function has been studied in normal healthy adbitsughout adulthood (Butler et al., 2010;
Ding, Logemann, Larson, & Rademaker, 2003). Thae pharyngeal muscles involved in
executing swallowing movements send and receivessgnand motor impulses through
cranial nerves V, VII, IX, X and Xll which synapsethe bulbar region of the brainstem with
UMNs (Groher & Crary, 2010). Impulses are thenteduthough different regions of the

cerebrum and cerebellum.
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Cerebral Involvement in Swallowing

Swallowing function was once thought to be a “réfleRecent research describes the
act of swallowing as a “complex but stereotyped ansequence” (Jean, 2001. p 929). A
brain stem driven operation (Martin, Goodyear, G&tiMenon, 2001; Martin et al., 2004;
Yorkston et al., 1995) controlled by a central @atttgenerator in the medulla oblongata that
produces sequential and rhythmic patterns for swatlg (Jean, 2001). Further research
provided conflicting information identifying five ajor components involved in neural
control of swallowing including sensory and moteatures of the cranial nerves, cerebral and
midbrain connections with the brainstem, bilatexahllowing centers within the brainstem,
and the muscles and organs that are controllechéyother components (Robbins et al.,
2008).

A study by Martin et al (2001) examined regions a#rebral activation using
functional magnetic resonance imaging (fMRI) duriragious types of swallows including:
naive saliva swallow, voluntary saliva swallow amater bolus swallow. Common areas of
activation for all types of swallows included thdateral premotor, primary motor and
association motor cortices, as well as the insuld @arimary somatosensory cortices
bilaterally. Activation of these cortical areas swsignificant because it contradicted the
previous belief that swallowing function was mardthgelely by the brainstem. Volitional
swallows resulted in activation of the anterior guitate gyrus where as naive secretion
management swallows did not activate the cingulaggon. Activation of the sensory cortex
was likely due to the need to integrate informattegarding mastication, lingual position,

secretion accumulation and sensory feedback froen diopharynx. The motor cortex
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controlled bolus manipulation and propulsion. Thsula was implicated in mediation of
motor and sensory impulses to various corticalsateagovern functioning of the oropharynx,
esophagus and gastrointestinal tract. Anteriogudate cortex activation was thought to be
due to attention and premotor processing crucialitrating a volitional swallow.

Structures and Phases of Swallowing

The swallowing mechanism is very complex. It carganany structures and muscles
responsible for bolus deformation, cohesion, amapyision as well as airway protection.
Swallowing function is typically divided into thremain regions, the oral cavity, pharynx
(nasopharynx and hypopharynx) and esophagus. These regions contain four phases of
swallowing, the oral preparatory phase, the orahsph the pharyngeal phase and the
esophageal phase (Dodds, 1990).

The oral preparatory phase is responsible for gima@nd pulverizing solid foods as
well as the creation of a cohesive bolus, of altenal placed in the oral cavity, to prepare it
for ingestion. During this phase, saliva is introeld to aid in pre-digestion, improved bolus
cohesion and transit through the rest of the swatlg phases. The main structures involved
in this phase of swallowing include the lips, tedtingue, velum and muscles of the lower
face and jaw. Labial movements are important toowe food from a utensil, cup or straw
and create a seal to prevent drooling or antegi@kdge of the bolus. Appropriate tone of the
facial muscles prevents pocketing of food in thedal cavities Mastication is composed of
coordinated movements of the lips, mandible, tongod cheeks (Kikutani et al., 2009).
Mastication and swallowing pattern in healthy induals varies from that of people with
swallow impairments in that healthy individuals tbiaghly chew an entire bolus prior to

swallowing. Healthy individual also tend to swalldewer times to ingest a bolus (Stachler



14
et al.,, 1994). Food that requires additional deftion may be moved anteriorly, depending
on sensory feedback, to be further broken downe(Hie & Palmer, 1999)Tongue
movements are crucial in the oral preparatory, arad pharyngeal phases of swallowing.
During the oral preparatory phase, the tongue spamesible for movement of food laterally
for mastication by the molars, and to collect famd the surface of the tongue to prepare
boluses for transit into the pharynx (Hiiemae & rRaif, 1999; Wilson, 2007). Oral
preparation duration varies greatly depending enéture and density of the bolus (Stachler
et al., 1994). Oral preparation for liquids iswshort, where as preparatory needs for solid
foods is much more extensive (Hiiemae & Palmer91®achler et al., 1994).

Once food has been appropriately masticated, theske collected on the lingual
surface and the oral phase is initiated and caoigd Groher & Crary, 2010). The primary
objective of the oral phase is movement of bolusens into the pharynx. Several events
occur in sequence to provide coordinated and efiicbolus transportation. The tongue tip
and lateral borders elevate to contact the alveage and hard palate respectively to contain
the bolus on the center of the tongue and formoawg extending the length of the tongue.
Timely sequential movements and appropriate sthefigm elevation of the tip, blade and
finally the dorsal segment of the tongue propetfaad liquid from the anterior two-thirds of
the oral cavity posteriorly to the base of the wmmgwhich is responsible for bolus propulsion
through the pharynx (Robbins, Levine, Wood, Roecken_uschei, 1995; Wilson, 2007,
Yoshida et al., 2006)Simultaneously, the soft palate elevates and llaser@ posterior walls
of the nasopharynx contract to protect against ptesgyngeal regurgitation (Dodds, 1990).

As the bolus enters the oral pharynx, the pharyingkase is initiated. The main

functions of the pharyngeal phase are to protexiathway while transporting bolus material
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through the pharynx. In preparation for bolus srathrough the pharynx, several airway
protective acts are set in motion instantaneousip witiation of the oral phase. The
arytenoid cartilages adduct and angle anterioolgampress the laryngeal vestibule, followed
by near vocal fold closur@roher & Crary, 2010).Respiration is inhibited, generally after
slight expiration to increase pressure in the eaclBase of tongue retraction, during the oral
phase, results in elevation and anterior movemetiteohyolaryngeal complex and epiglottic
retroflexion completing the steps for airway proi@ec as the bolus passes through the
pharynx. The pharynx widens to allow bolus passag@ result of pharyngeal constrictor
relaxation. Bolus material is propelled througle tpharynx by a combination of base of
tongue retraction with contact on the posterior rphgeal wall and contraction of the
pharyngeal constrictors (Dodds, 199®elaxation of the pharyngeal esophageal segment is
achieved through anterior movement of the hyoigating a forward pulling affect, in
addition to sensory relaxation of the segment towalappropriate bolus passage into the
esophagus (Dodds, 1990)

The esophageal phase begins as the head of thes lpalsses through the
cricopharyngeal segment and continues to travedriofly through the esophagus and
eventually into the stomach. Passage into thehesuys is dependent on relaxation of the
cricopharyngeal segment which occurs as a resultyofaryngeal elevation and anterior
movement. Normal transit time through the esopbaguerages from 6-20 seconds
depending on the composition of the bolus. Liqumday actually travel through the

esophagus and into the stomach in as little as@sis(Groher & Crary, 2010).
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Swallowing and Respiratory Function

Respiratory function and swallowing function aretentwined. Breathing and
swallowing are physiologically connected to provigeotection from aspiration (Hiss,
Strauss, Treole, Stuart, & Boutilier, 2003; Martia+sris et al., 2005; Martin, Logemann,
Shaker, & Dodds, 1994). Extensive research has beeducted in the area of breathing and
swallowing dynamics to identify the impact of reddcsubglottic pressure and the effect of
respiratory support on breath phase patterns suidiog swallowing. “Swallowing apnea is
the cessation of respiration that occurs with swahg” (Hiss, Strauss, Treole, Stuart, &
Boutilier, 2004). A period of apnea is crucial fevery swallow, food, liquid or saliva, to
close and protect the airway from aspiration, thieyeof a foreign substance (food, liquid or
saliva) into the trachea. Apnea for swallowindhealthy individuals is generally initiated at
the onset of the oral phase and ceases as the fmdass through the pharyngeal esophageal
segment. A study by Martin-Harris et. al (2005)dstd healthy controls to determine if
differences in apnea duration and respiratory phaserounding swallowing were dependent
on subject age. This study revealed that oldefestdy 65 years of age or older, were more
likely to extend the duration of apnea and vary pirase of breathing by either inhaling
immediately before or after swallowing. This irdtadn pattern may increase the risk of
aspiration (Martin-Harris et al., 2005). Increagetiods of apnea with earlier onset occur
with increased bolus size (Hiss et al., 2004). inga@lso affects the onset of apnea related to
swallowing. Older healthy individuals are likely initiate apnea prior to lingual retraction
(Hiss et al., 2004)

Lung capacity and respiratory support are veryartgnt to facilitate safe swallowing

(Martin et al., 1994). The severity of dysphagiaynibe exacerbated by compromised lung
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volumes. As lung volume approaches residual lwigme bolus transit time and pharyngeal
activation duration are prolonged and subglottiespure is reduced which can increase the
risk of aspiration (Gross, Atwood, Grayhack, & Shan, 2003).
Dysphagia

Dysphagia, impaired swallowing ability, is not anpary diagnosis, rather a symptom
of underlying disease. Dysphagia is associatett wiany medical conditionand affects
more than 22% of people over the age o{B0wden, 2004) That percentage increases up to
60% in the elderly and neurologically impaired plagions such as Parkinson’s, Multiple
Sclerosis, stroke, and Amyotrophic Lateral SclexogHowden, 2004). As many as 87% of
nursing home residents may suffer from dysphagial{& & Crary, 2010).Disorders of the
peripheral and central nervous system as well aseteof the alimentary tract are likely to
result in long term changes to swallowing functiofhe most common causes of dysphagia
are neurogenic disorders including stroke, Parkitssalisease, Multiple Sclerosis and
Amyotrophic Lateral Sclerosis (Groher & Crary, 2D10

Dysphagia in ALS — Oral Pharyngeal Decline

The progression of bulbar ALS can cause dysphagi@n in the early stages of the
disease (Kawai et al., 2003). During the cours@ldd, bulbar degeneration affects lingual
elevation and coordination as well as the timebne$ laryngeal elevation resulting in
aspiration and piecemeal deglutition (Kawai et2003). The most common patterns of oral
motor impairment include decreased anterior linguardination and posterior oral holding.
Swallowing safety is not affected by impaired aiaterlingual coordination; however,

posterior oral holding increases the risk of asmra(Kawai et al., 2003).
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Impaired base of tongue movement will also resulincreased pharyngeal transit
duration, oral and pharyngeal residue, which agle factors for dehydration, weight loss and
aspiration pneumonia (Holaas, DePippo, & Redin@6l1¥awai et al., 2003; Robbins et al.,
1995). Base of tongue function has been evaludtenligh various methods including
pressure testing using oral manometry and diadaobsis. Lingual pressures were
significantly reduced in subjects who complainedigéphagia compared to subjects who did
not complain of swallowing difficulty (Nicosia et. 22000; Yoshida et al., 2006).

Reduced bolus size and piecemeal swallowing moverteas been associated with
individuals with all forms of ALS (Goeleven, Robbkeht, Sonies, Carbonez, & Dejaeger,
2006). These movements are most often attributeshmpmired base of tongue retraction
resulting from prolonged bolus propulsion in to fifearynx as well as increased pharyngeal
residue, fatigue (ClavE et al., 2006). It is conmtio witness a reduction in meal size with an
increase in meal duration (Tanasescu et al., 20B8@)igue and muscle weakness resulting in
a greater number of swallows per bolus often l¢adeduced appetite and weight loss.

Dysphagia in ALS - Effects of Respiratory Compremis

In addition to decline in oral motor coordinatiand strength, individuals with ALS
commonly experience a decline in swallowing furctims a result of disease progression
associated with respiratory decline. The effectdefcline in respiratory function on
swallowing ability, as it relates to ALS, introdwgceeveral obstacles including reduced glottic
abduction potentially resulting in upper airway tbstion, reduced diaphragmatic
innervation, reduced coordination of apnea andlswalg timing as well as general fatigue
(Hadjikoutis & Wiles, 2001). This relationship wagamined more closely in a study by

Strand, Miller, Yorkston and Hillel (1996) that emaed the correlation between the ALS
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severity scale score for speech and swallowing K3ton et al., 1995) with clinical or
objective swallowing assessments and with FVC scoréhere was a strong relationship
between decline in speech, swallowing and respydtoction (Strand et al., 1996). Decline
in FVC can indicate impairments in other areasr é&@ample, when FVC was less than 1.5
liters, fatigue was frequently reported. Impairmiencough and secretion management were
reported when FVC was less than one liter (Hill€I99; Yorkston et al., 1995). Respiratory
decline results in an increased likelihood of fegdiube placement (Bradley et al., 2001).
Feeding tubes were placed frequently after ford&al eapacity declined below 50% of the
predicted value (Bradley et al., 2001; Sarfaty,®01Respiratory function may be preserved,
yet swallowing function may be severely impairedhe point that a feeding tube is required
if oral motor function is severely affected.
Dysphagia Assessment Tools

Dysphagia is a major cause of morbidity and mdxtah hospitalized patients. The
identification of dysphagia and aspiration has éagdme increasingly important in order to
improve; patient health and safety and reduce temdthospitalization (Langmore et al.,
1998). The two most common objective assessmeifg to date are the modified barium
swallow study (MBSS) and the fiberoptic endoscaialuation of swallowing (FEES). The
MBSS has been the gold standard in the identiboatf impairment throughout the upper
aerodigestive tract for decades (Langmore & Logem&A91). There is an appropriate place
for each assessment tool in the medical settiBggh interventions have their advantages and
disadvantages. Advantages to MBSS evaluationsidecunobstructed view of all phases of
swallowing, given adequate positioning, proper Weigpnstraints, and the patient’s ability to

sit upright and sit still (Langmore & Logemann, 19%pinelli, Easterling, & Shaker, 2002).
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An objective assessment examining the overall iegpdn of the MBSS was
beneficial in identifying its many functions. Ilddition to the evaluation of aspiration, the
MBSS is used to modify diet recommendations, gdaaemeferrals for further assessment to
Otolaryngologists or Gastroenterologists and Deett, and assess swallowing strategies and
techniques to maintain safe oral intake (Martinsi$al.ogemann, McMahon, Schleicher, &
Sandidge, 2000). Martin-Harris et al. (2000) exaadi MBSS results of 608 patients with
various medical diagnoses of which, only ten pedrosare determined to have normal
swallowing function. The remaining ninety percdr@nefited in various ways from the
MBSS. In another study that evaluated swallowingcfion through MBSS, pharyngeal
residue was found to be a predictive marker foriragpn (Eisenhuber et al., 2002).
Laryngeal penetration and/or aspiration were sigaitly more common in the presence of
pharyngeal residue then in its absence, 93% tor&3%@ectively (Eisenhuber et al., 2002).

On the other hand, the FEES provides visualizabbrpharyngeal and laryngeal
anatomy and physiology for speech and swallowingfiier, Neuhuber, Hirtenfelder,
Schmedler, & Eckel, 2008; Langmore & Logemann, J99EEES can be completed in the
patient's room and repeated without the adversectsffof radiation exposure. A study by
Hafner et al. (2008) provided excellent resultsdssessment of nearly one thousand patients
using FEES in the intensive care setting. Medyda#gile patient’s swallowing function was
assessed; aspiration and pharyngeal dysphagia \sas assessed at bedside. FEES
examination allows for flexible and frequent asee=st of swallowing function in addition to
evaluation of pharyngeal and laryngeal sensatidngh risk aspiration patients.

According to Aviv et al. (2001), disadvantageshie FEES examination include mild

discomfort as a result of passage of the nasendesitwough the inferior nasal meatus and



21

through the nasopharynx to rest in the region efdhal pharynx during bolus trials. The
most remarkable disadvantage of the FEES exammaidhe brief obstructed view of the
larynx, at the height of the swallow, due to pastempharyngeal wall contraction in
coordination with base of tongue retraction andlegtic inversion. The laryngeal vestibule,
true vocal folds and trachea are able to be visedliprior to and immediately after the
swallow. There potential complications of the @swbpic evaluation include epistaxis, nose
bleed, a vasovagal syncope or loss of consciousmesgeflex syncope resulting in temporary
decreased cardiac function due to stimulation eMdgus nerve.
Self-Reported Severity of Dysphagia

While objective assessment measures such agB&S and the FEES are the most
objective and complete method of swallowing evatut individual awareness and
complaints of swallowing difficulty frequently athe source of the dysphagia evaluation
consult referral. Dysphagia can result in anxiatyd panic during meal times causing
individuals to avoid social situations during meailssulting in isolated meal behaviors
(EImstahl, Bulow, Ekberg, Petersson, & Tegner, 19@istafsson & Tibbling, 1991).
Dysphagia was also reported to reduce perceivetityjo life (Ekberg, Hamdy, Woisard,
Wuttge—Hannig, & Ortega, 2002). There area séystent self-reported outcome based
tools available. Most of them are disease speesifich as the MD Anderson Dysphagia
Inventory (Chen et al., 2001) for patients with dhead neck cancer, and the health-related
quality of life instrument (Carrau et al., 2004) égamine the effects of laryngopharyngeal
reflux. A few outcomes based patient reported dggm inventories do exist. Two of the
most common are the SWAL-QOL (McHorney et al., 2088d the Dysphagia Handicap

Index (DHI) (Silbergleit et al., 2012). Both pattereport tools examine the physical,
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emotional and functional components of swallowirihe DHI is composed of 25 questions
whereas the SWAL-QOL is a 44 question assessmeat{khey et al.,, 2000). Test-retest
reliability was the same for both tools with a Bears correlation coefficient of 0.83 overall.
Dysarthria in ALS

Impairments in speech, dysarthria, are a reswbabrmalities in muscle function and
structures that affect voice quality, rate of speecticulatory precision, intelligibility, pitch,
volume, phrase length, velopharyngeal function amékness of articulators (Ball et al.,
2001). Dworkin and Aronson (1986) found that dyls@a was attributed to decreased lingual
strength and range of motion, as well as changé&sigue size, shape and position. The type
of dysarthria associated with ALS is generally sifisd as a mixed spastic-flaccid type of
speech impairment (Yorkston, 2007; Yorkston et H095). Speech impairments include:
slowed rate, increase effort to enunciate wordsredesed intelligibility, and imprecise
articulation (Carrow et al., 1974; Chen, 2005; puff995; Hillel, 1999). Voice impairments
include: hypernasality, voice quality may soundaling, harsh, hoarse or strained (Hillel,
1999). Oral motor impairments in the ALS populatimclude: weakness of the tongue,
palate and facial muscles, and fasciculations efttimgue at rest (Chen, 2005; Hillel, 1999).
Appearance of dysarthria characteristics from timetof symptom onset is variable
dependent on the initial symptom onset type antvididal rate of disease progression.

Throughout the years, dysarthria has been evault®ugh a variety of methods
including the assessment of intelligibility, rate apeech and diadochokinesis. Assessment
tool selection is up to the discretion of the Sppekeanguage Pathologist, Neurologist or other
specialist evaluating speech production. Fornmstktéor intelligibility and dysarthria include

the Assessment of Intelligibility of Dysarthric ol (AIDS) (Yorkston & Beukelman,
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1981b), Frenchay Dysarthria Assessment (Enderb§3)18&nd Sentence Intelligibility Test
(Yorkston, Beukelman, & Tice, 1991) among otherBach test has varying degrees of
completeness. For example, the Assessment oligvdity of Dysarthric Speakers is an
evaluation of intelligibility of single words anceistences from five to 15 words in length.
The Frenchay Dysarthria Assessment is the most ledenpssessment tool; however, special
training is required for a Speech-Language Pathstiag administer the tool. The Frenchay
Dysarthria Assessment has 11 sections: reflexjreggm, lips, jaw, palate, laryngeal, tongue,
intelligibility, rate, sensation, and associatedidas. Informal speech and voice assessment
tools are frequently used in clinical settings. séssments include sustained phonation;
diadochokinetic rate, conversational speech praoluctand examination of the oral
mechanism..

Decline in rate of speech is an early indicatobwabar involvement (Ball et al., 2001,
Nishio & Niimi, 2006). Normal rate of speech foedithy subjects is approximately 150
words per minute; however, intelligibility was natstatistically significant predictor of true
level of speech impairment in individuals with ABall et al., 2001). Other non-statistically
significant changes in speech ability include daseel velopharyngeal closure that results in
hypernasality and in more severe cases, nasal iemisguring conversation. There were
statistically significant correlations between ratespeech decline, below 100 words per
minute or less, and vocal quality change and réat®rmue movement in ALS (Ball et al.,
2001). Statistical significance was also foundweetn a decline in tongue strength and
dysarthria in ALS (Dworkin et al., 1980).

Several studies have investigated factors coritnuo decreased rate of speech in

ALS including segmental timing (Tjaden & Turner,08), acoustic differences in content and
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function words (Tjaden & Turner, 2000), phonetiaitast errors and laryngeal involvement
(Riddel & McCauley, 1995), vowel space and tempdirsalinctiveness (Riddel & McCauley,
1995; Tjaden & Turner, 1997, 2000). Tjaden andn&ur(2000) analyzed habitual and slow
rate of speech in healthy control subjects andestbjwith ALS. Slow exaggerated speech
rate was similar between groups; however, habitatd was significantly decreased in the
ALS population. Interestingly, at the exaggeratate of speech, ALS subjects produced
inconsistently lengthened vowels more than congsnéhjaden & Turner, 1997, 2000).
Exaggerated speech characteristics differed froaittne controls even though the rate of
speech was very similar. In addition, subjecthvALS produced more centralized vowel
sounds (Tjaden & Turner, 2000) that were likelyeauit of decreased lingual strength and
range of movement (Dworkin et al., 1980).
Intelligibility

Previous research has determined that intelliggbrineasures were not effective for
early identification of bulbar symptoms (Ball et,&001; Nishio & Niimi, 2006). In fact,
intelligibility tended to remain relatively normalntil the middle stages of disease
progression. Decline in intelligibility is presexy despite a reduction in articulatory
precision, rate of speech and slowed diadocholgn@sishio & Niimi, 2006; Yorkston &
Beukelman, 1981a). Each intelligibility measures l@afloor and ceiling effect and is only
appropriate to changes in speech within a spefnge (Yorkston & Beukelman, 1981a).
The severity of dysarthria dictates the type anchplexity of task necessary to accurately
assess intelligibility. Speech intelligibility gsingle words or sentences may remain relatively
normal despite significant impairments in articatgtagility and rate of production (Yorkston

& Beukelman, 1981a).
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Rate of Speech
As rate of speech declines there are definite mangkere all other variables become
impaired. A study by Ball et al. (2001) revealbdttstrength of volitional cough and lingual
movements were the first to become impaired atapmrately 150 words per minute (wpm).
At approximately 125wpm voice quality was signifitiy affected. There was rapid decline
in speech intelligibility, velopharyngeal closunmedathe communication effectiveness index at
100wpm (Ball et al., 2001; Yorkston & Beukelman818; Yorkston & Beukelman, 1978).

Researchers hypothesized that vowel spacing gatrior speech intelligibility, due
to the consistent findings regarding vowel spacg @duration (Turner, Tjaden, & Weismer,
1995). In addition to vowel duration, Riddel and@®auley (1995) also assessed phonetic
contrast errors. Significant findings includedaje&d initiation of voice onset, and imprecise
articulation that resulted in difficulty distingligg fricatives from affricates specifically
alveolar phonemes from palatal fricatives.

While rate of speech can be directly measuredniist be combined with an
intelligibility rating as well. In healthy adultsate of speech can be affected by many factors.
Language and linguistic factors including readiegel, comfort reading aloud, syntactic
structure, lexical selection, eye sight and length utterance with longer utterance
characteristically producing a more rapid rate péech (Yuan, Liberman, & Cieri, 2006).
Other factors known to affect rate of speech inelad@mographic, cultural, physiological,
psychological differences and natural aging (Amernéa Parnell, 1992; Verhoeven, De
Pauw, & Kloots, 2004; Yuan et al., 2006). Diadddhesis (DDK) is an effective method of
assessing basic motor speech capabilities for waulievels of impairment (Darley, Aronson,

& Brown, 1975; Duffy, 1995; Kent, Kent, & Rosenbel987; Wang, Kent, Duffy, Thomas,
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& Weismer, 2004; Ziegler, 2002). DDK is sensititee mild, even subtle neuromuscular
impairments often overlooked in conversational $a@Ketcher, 1972; Gadesmann & Miller,
2008; Nishio & Niimi, 2006; Ziegler, 2002) and itriectured reading tasks (Nishio & Niimi,
2006).

Diadochokinesis

Diadochokinesis is composed of two tasks: altemgatnotion rates (AMRs) and
sequential motion rates (SMRSAMRs include rapid repetition of monosyllabic tatgygsuch
as /p\/, Ital or /ka/ while SMRs include repetition of a multi-syllakikrget such as AdAKA/.
Each sound production assesses a different atiimulpoint. Labial movements are assessed
with /pA/, tongue tip movement is assessed wittd, /and movement of the dorsum of the
tongue is assessed witm/k(Kikutani et al., 2009). AMRs are often affecteefore rate of
speech is impaired (Nishio & Niimi, 2006). There minimal linguistic burden, simple
syntactic structure in this task which allows sotgeof most levels of cognitive functioning to
complete the assessment (Wang, Kent, Duffy, & Trgra@05). Diadochokinesis utilizes the
simplest form, consonant-vowel, of speech and laggisequence for the AMR portion of the
assessment (Wang et al., 2005) and only a slightlye difficult 3 syllable combination for
the SMR portion. The simplicity of this task allevassessment of even severely dysarthric
subjects who are unable to produce multiple worttrahces (Duffy, 1995). Correct
production of DDK requires intact, balanced, rapidvement of the oral structures as well as
adequate oral muscle integrity. Any impairmentaordination or muscle strength will result
in a slowed rate of production and/or imprecisécaldtion (Dworkin et al., 1980; Fletcher,
1972). In addition, inter-rater and intra-ratedlgments are good for rate precision with inter-

rater agreement only varying by plus or minus oylalsle (Gadesmann & Miller, 2008).
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Order of presentation of stimuli does not signifitya affect performance (Fletcher, 1972;
Pierce, Cotton, & Perry, 2013)

Previous research has examined DDK in many ways fmeasuring the length of
time it took for twenty productions of a target AMRletcher, 1972), to measuring the
number of productions in a set amount of time Ugumtween 4 and 10 seconds (Dworkin et
al., 1980; Gadesmann & Miller, 2008; Kikutani et &009; Louzada, Beraldinelle, Berretin-
Felix, & Brasolotto, 2011; Neel & Palmer, 2012; N & Niimi, 2006; Ozawa, Shiromoto,
Ishizaki, & Watamori, 2001; Padovani, Gielow, & Bain, 2009; Pierce et al., 2013; Portnoy
& Aronson, 1982; Wang et al.,, 2004). The averagmlmer of productions per second is
approximately 6 to 6.5 productions of each AMR macond and approximately 1.3
productions of SMR per second.

Subjects with ALS produce abnormalities in diadmghesis due to lingual weakness
that results in slower AMR and SMR productions (Dkwo et al., 1980). Rate of production
of AMR and SMR was significantly reduced in onedstaluring repeated trials as a result of
lingual fatigue (Dworkin et al., 1980). SubjectslwALS and dysarthria were found to have
significantly slowed rate of DDK, approximately 6666 the rate of ALS subjects without
dysarthria (Mulligan et al., 1994). Significandiowed DDK rates have been found in stroke,
ALS, myasthenia gravis and head trauma when cordpareontrol subject groups (Nishio &
Niimi, 2006; Portnoy & Aronson, 1982; Strong et 4999; Wang et al., 2004). Subjects with
spastic dysarthria tend to exhibit a DDK patterthwa slow rate of production and normal
rhythm (Portnoy & Aronson, 1982).

Predictive Measures
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The impending decline of respiratory function comel with deterioration in function
of lingual, pharyngeal and laryngeal musculatur®uhout the course of ALS, create a
critical role for the Speech-Language Patholog&tR) in the continued assessment and
treatment of speech and swallowing function thraughthe disease progression. It is
imperative to accurately evaluate the swallowingction of each patient with ALS to reduce
their risk of aspiration and minimize any contrbl&a pulmonary infection when possible.
The role of the SLP, when working with patients wWALS, requires not only accurate
assessment of current level of speech and swalgpfuinction, but also the ability to predict
the rate of decline of function that is likely imet near future. Prediction of rate of decline is
important to determine the appropriate time toubsadiet consistency modification, nutrition
supplementation and alternative methods of nutritiocluding long term feeding tube
placement. Patients frequently require professiom@rvention when it is necessary to
modify liquid consistency or discuss feeding tutecpment. To date, the fundamental data
necessary, on which a predictive model may be hake$ not exist.

Predictive measures have been adopted in heakhwath the goal of prevention of
adverse conditions or medical problems. Predictheasures have been implemented to
predict certain disorders, recurrent medical pnoisleor even frailty. Predictive measures
have been developed to determine frailty of old#ults through simple questionnaires to
assist in identifying people at higher risk for noadl problems (Dayhoff, Suhrheinrich,
Wigglesworth, Topp, & Moore, 1998). Previously,réda, Humphrey, & Peberdy, 2003)
created an algorithm to predict future hospitaiat in patients with congestive heart failure
through the assessment of pulmonary function teBtediction of function exercise capacity

in patients with Multiple Sclerosis was determingg examining walking distance in six
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minutes (Savci et al., 2005). A previous studyrflBem, Ringsberg, Akesson, & Obrant,
2005) found that function tests were not as accurafgedicting future falls as was a history
of previous falls, conditions affecting the balantendency to fall, intake of psychoactive
medication, inability to stand on one leg, of irased age. Prediction tools are very useful for
patient safety in addition to aiding healthcare fggeionals in planning and providing
appropriate levels of care and medical recommeouisti

The ability to predict the severity of dysphagiapeople with ALS would be a very
useful tool to assist in planning for feeding tyddacement, and reducing hospitalizations for
aspiration pneumonia and possible associated lnga#sues. The most notable benefit from
prediction of dysphagia severity in ALS througmaal measures is that clinical assessments
could be provided in many clinical or private preetsettings, especially in geographic
locations were large hospitals or advanced medma is not readily accessible.
The Goal of this Study

The progressive decline and impairment of evencbéanctions have been well
studied in ALS. Previous research has investigatedffects of ALS on speech, swallowing
and respiratory function. Limited research hasnbeempleted examining the relationship
between decline in speech, swallowing and respirdtoction in ALS (Strand et al., 1996)
and individual self-assessment of dysphagia sevé8tlbergleit et al., 2012). Predictive
measures are more abundant in healthcare and havedpbeneficial in predicting length of
survival based on FVC scores, future hospitalizetim congestive heart failure patients and
exercise capacity in multiple sclerosis patientsn&ane a few. There is an absence of
foundational evidence on which to base any predictheasures regarding the severity of

dysphagia in ALS. The goal of this investigatigrto determine if the severity of dysphagia
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in ALS can be predicted through common clinicaksagicluding DDK, FVC, number of
swallows per bolus and patient dysphagia ratinggherbHI.
Research Questions

In order to better understand the correlation betwspeech and swallowing functions
and the severity of dysphagia in individuals withSAwith bulbar involvement, the following
research questions were examined in this studf2alindividuals diagnosed with ALS with
bulbar involvement perform significantly differean clinical measures (DDK, FVC, DHI,
and tired level ) and on objective swallowing measyPAS, pharyngeal residue and number
of swallows per bolus) when compared to a contr@ug? 2) Are there significant
correlations between clinical measures and objectwallowing measures which would
support the theory that swallowing function couddgredicted in individuals with ALS? 3) In
the ALS group, is there a significant correlatiatviieen type of symptom onset, duration of
disease, and body mass index with the clinicalssssent measures and objective swallowing
measures?
Working Hypotheses
Hypotheses for this dissertation are summarizedlksvs.
Research Hypothesis #1

Ho: There will not be a significant difference in fmmance on DDK, FVC, PAS

pharyngeal residue, DHI, or number of swallows leetw the ALS group in

comparison to the control group.

Hy: There will be a significant difference in perfante on DDK, FVC, PAS

pharyngeal residue, DHI, and number of swallows lp#us trial between the ALS

group in comparison to the control group.
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It is expected that the ALS group will demonstriat@airments in all assessment areas

resulting in rejection of the null hypothesis.
Research Hypothesis #2

Ho: There will not be significant correlations betwdeDK with PAS and pharyngeal

residue scale results.

Hi: There will be significant correlations between vith PAS and pharyngeal

residue scale results.

It is expected that subjects who present with greimpairments in DDK will have
more severe impairments on both swallowing functieasures as a result of weakness and
reduced oral motor movements resulting in rejeatibtine null hypothesis.

Research Hypothesis # 3

Ho: There will not be significant correlations betwesumber of swallows per bolus

with PAS, pharyngeal residue scale, DDK and FVQltss

Hi: There will be significant correlations betweemther of swallows per bolus with

PAS, pharyngeal residue scale, DDK and FVC results.

It is expected that there will be a relationshipw®zn number of swallows and PAS,
pharyngeal residue scale, DDK, and FVC performargsailting in rejection of the null
hypothesis.

Research Hypothesis # 4

Ho: There will not be significant correlations betwe€vC with PAS and pharyngeal

residue scale results.

Hi: There will be significant correlations between GWith PAS and pharyngeal

residue scale results.
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It is expected that subjects who present with imgohiFVC will exhibit more
significant impairments on both swallowing functioreasures resulting in rejection of the
null hypothesis.

Research Hypothesis # 5

Ho: There will not be significant correlations betweBHI with PAS, pharyngeal

residue scale, DDK and FVC results.

Hi: There will be significant correlations between IDith PAS, pharyngeal residue

scale, DDK and FVC results.

It is expected that the scores on a patient regpooigcomes tool for swallowing
function will be positively related to impairmeras both swallowing measures resulting in
rejection of the null hypothesis.

Research Hypothesis #6

Ho: There will not be a significant correlation, imetALS group, between duration of

disease, type of symptom onset, ALS-FRSR score amy bmass index with

performance on DDK, FVC, PAS, pharyngeal residudesaaumber of swallows per
bolus, or DHI.

Hi: There will be a significant correlation, in the 3 group, between duration of

disease, type of symptom onset, ALS-FRSR score amy bmass index with

performance on DDK, FVC, PAS, pharyngeal residudesaaumber of swallows per
bolus, or DHI.

Based on previous research it is likely that ALSSRR symptom duration and type of

onset will be significantly correlated to clinicahd objective swallowing measures
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resulting in rejection of the null hypothesis. idt questionable if there will be a

significant correlation with BMI.
Research Hypothesis # 7

Ho: There will not be significant interactions of DD&nd FVC with PAS and

pharyngeal residue scale results.

Hi: There will be significant associations of DDK aRdC with PAS and pharyngeal

residue scale results.

It is expected that the combination of impairmenboth FVC and DDK will result in
abnormal results on the swallowing function measurenpairments in diadochokinesis will
likely have the greatest effect on overall swallegvfunction and result in more severe ratings
on the PAS and pharyngeal residue scale. Impairmdsf/C will affect swallowing function
but not to the same degree as impaired DDK resguitinrejection of the null hypothesis.
Expected Outcomes

Based upon previous research, it is expected #rddnmnance on clinical assessment
measures will significantly correlate with severafydysphagia documented during the FEES
assessment through PAS, pharyngeal residue andemwnhiswallows per bolus. Previous
studies have identified that impairment in oral anomovements and respiratory function
increase the risk of dysphagia and aspiration gividuals with ALS. This study may
provide foundational data for a protocol to predie severity of dysphagia in patients with
ALS.

It is also expected that the ALS group will bengdiigantly more impaired on all
measures in comparison with the control group.is lexpected that certain historical data

(duration of symptoms, type of onset, ALS-FRSR @adentially BMI) will significantly



34
correlate with impairments in DDK, FVC, PAS, phaggal residue, number of swallows per

bolus or the DHlI.
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CHAPTER 3
METHODS

Subject Characteristics and Selection

A total of 33 participants (18 subjects with ALSdalb controls) were included in this
study. All participants with ALS had an El EscoN¥orld Federation of Neurology (Brooks,
1994) criteria diagnosis of probable or definiteSA as determined by a Neurologist, and
presence of oral motor or speech symptoms consisténbulbar dysfunction, as determined
by a Speech-Language Pathologist. Bulbar dysfonactias defined as impairments in oral
motor, speech/voice or swallowing function (Carrewal., 1974; Chen, 2005; Hillel, 1999).

Subject recruitment was conductiedm October 2012 thru May 2014 the Harry J.
Hoenselaar ALSMultidisciplinary Clinic in the Neurology Department at Henry Ford
Hospital, Detroit, Michigan. Subjects were receditluring a regularly scheduled clinic visit.
All subjects were between 40 and 85 years of aljelusion and exclusion criteria were
developed in an effort to obtain speech, swallovand respiratory deficits solely attributed
to ALS. All subjects and controls spoke Standardefican English as their first language,
and did not have a previous history of neurologmakpeech disorders. Tobacco use was
documented and subjects with current use or histbryse were included. Subjects were
excluded if they had a documented history of ememmgs chronic obstructive pulmonary
disease or other remarkable respiratory impairmeassociated with ALS. Individuals with
any history of head and neck cancer or radiationsungical intervention to the oral
pharyngeal region were also excluded.

Patient subjects were divided into three groupsedbagpon respiratory function

(normal, mildly impaired, and moderately impairedjespiratory function was determine by



36

performance on forced vital capacity assessmentevgmups were defined as: 1) normal
function as determined by FVC performance of gre#itan 80% predicted capacity; 2)
mildly impaired as determined by FVC performanceMeen 65-79% predicted capacity and
3) moderately impaired as determined by FVC peréotoe between 50-64% predicted
capacity (Schmidt et al., 2006). Group A consisté® subjects (4 males and 5 females)
diagnosed with ALS and presented with oral motorspeech abnormalities and normal
respiratory function (greater than 80% predictésoup B was composed of 4 subjects (4
females) diagnosed with ALS and presented with mi@tor or speech abnormalities and mild
respiratory impairment (between 65-79% predict&tpup C included 5 subjects (2 males
and 3 females) diagnosed with ALS and presenteld onal motor or speech abnormalities
and moderate respiratory impairment.

There were 148 ALS patients screened over 33%alisits. Of these, 87 (59%) were
male and 61 (41%) female. Forty patients met thkigion criteria on at least one visit and 18
(45%) were enrolled. Of the 22 patients who reduserollment, 15 stated they were too tired
and 9 declined to due the necessity of having aptesyngeal scoping procedure as part of
the swallowing examination. Of the 108 patientslesed, the most common reasons were
presence or history of another neurologic condi{or28, 26%) including stroke, seizure or a
dementing process, total nutritional dependenciebéging tube (n=21, 19%) and FVC below
50% predicted (n=21, 19%).

The ALS participant group was composed of 6 males B2 femaleswith an age
range of 54-82 years of age, with a mean age d® §éars. The age range for male
participants was 55-78 years of age, with a meanch@8.7 years. The age range of female

participants was 54-82 years of age, with a meaa67.6 years.
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The control group was composed of 4 males and mhleswith an age distribution
similar to that of the ALS subject group. The agage for all control subjects was 58-84
years of age, with a mean age of 65.4 years. Thagaye for male controls was 59-69 years
of age, with a mean age of 64.3 years. The ageerahfgmale controls was 58-84 years of
age, with a mean age of 65.8 years.

All participant data were coded for privacy. Rapants in the ALS group were coded
with ALS, a number and then a gender indicatornt@b group participants were coded with
CON, a number and a gender indicator.

Testing Procedures and Instrumentation

In this study, standardized clinical assessmertbas and self-report questionnaires
were used to evaluate the speech, respiratoryvaaltbsving function of the all participants in
the ALS and control groups. Assessment measursnecitided: 1) Oral motor and speech
examination for symptoms consistent with bulbarfalystion; 2) Questionnaire for inclusion
and tiredness scale; 3) Dysphagia Handicap IndéX)([5ilbergleit et al., 2012); 4) Forced
Vital Capacity; 5) Diadochokinesis; 6) Swallowingnttion assessment with Fiberoptic
Endoscopic Evaluation of Swallowing (FEES) (LangejoBchatz, & Olsen, 1988) with
impairment ratings using the Penetration-Aspiratecale (Rosenbek et al., 1996) and a
pharyngeal residue scale (Kelly et al., 2008); adDocumentation of the number of
independent swallows generated for each bolus tadditional information was collected
for all subjects with ALS including: Amyotrophic texal Sclerosis-Functional Rating Scale-
Revised (ALS-FRSR) (Appendix A), date of diagnosisd height and weight on the date of
study participation (Appendix B), reported onsetegdarea of weakness complaint (bulbar,

axial or mixed) and ALS-FRSR scores (Appendix CAll assessments were completed
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during one clinic visit. Instrumentation was cadited by the principle investigator or a
member of the research team. A testing effectveds concern since each subject was only
assessed one time.
Oral Motor Examination

Oral motor assessments included an evaluationabfall appearance, retraction,
protrusion and seal; lingual appearance and rahgwtion; palatal appearance and elevation.
Questionnaire:

All subjects were asked a series of questionsetdfwtheir appropriateness for this
study (Appendix D). The questionnaire includedndtad questions to identify possible
impairments in speech, swallowing and/or breathulmich could be attributed to a disorder
other than ALS. In addition to inclusion/exclusaoyn questions, age and tobacco use was
also documented. A history of tobacco use wasrtegdor three females in both the ALS
and control groups and two male in both ALS andrabigroups.

Dysphagia Handicap Index

The Dysphagia Handicap Index is a patient regodutcomes tool that assesses the
handicapping effects of dysphagia and allows stbjecrank their own swallowing ability in
a series of 25 questions that cover physical, ematiand functional aspects of swallowing
(Appendix E). There were nine questions for bdté tunction and physical sections and
seven questions for the emotional section. Ortbetmotional questions was excluded as a
result of a typographical error. The statemend rédeel depressed because | can’'t eat when
| want” instead of “I feel depressed because I tcaat what | want.” Subjects were asked to
respond to each question regarding their swallowliffgculty as occurring always (4 points),

sometimes (2 points), or never (0 points). In addj each subject provided a self-reported
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severity of dysphagia on a 7-point scale with Ingeiormal and 7 being a severe problem.
Results were recorded based on categorical aspesisallowing (physical, emotional and
functional), overall score and self-reported sayasf dysphagia (Appendix F).
Tired Rating

All subjects were asked to rate how tired they ware 7-point scale from 1 (normal
baseline) to 7 (severely tired) at the time of ttisdy (Appendix G). This information was
obtained to determine if general fatigue or levélticedness contributed to swallowing
function.

Forced Vital Capacity (FVC)

Forced vital capacity (FVC) is a measurement of imak inhalation to total lung
capacity, followed by immediate forced rapid exhala for as long as possible, then
completed with immediate maximal inhalation backdtal lung capacity (Gold, 2000). FVC
measurement is calculated in terms of percent giedlicapacity based upon standardized
data for gender, age, height and weight. The megkacent predicted value based on gender,
height, weight and age is considered 100% (Staro@hal., 2008). As a result, it is possible
for a person to have an FVC of greater than 1008dipted.

FVC measurements were collected using a handhel@RBp+ from Jaeger with
mouth piece. A nasal closure was assured withsalnacclusive device. The SpiroPro+
Version V2.32 04.05.2006 had a calibration of 0.998ubjects were instructed to place the
mouth piece between the lips and teeth and to éclgss firmly around the mouthpiece
creating a seal; slowly inhale to take a full deegath and then forcefully exhale as hard, fast

and long as possible.” During exhalation, encoemagnt was provided by the examiner to
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“blow hard” and “keep going”. FVC measurement wasformed one time per subject and
recorded first manually and then transferred t&acel Spreadsheet (Appendix G).
Diadochokinesis

Each subject performed one trial of each of thelathokinetic tasks i, /tA/, Ika/
and /mtAka/ in the same order following the examiners ingtans and demonstration.

The subjects were instructed to “take a deep braadhsay the syllable Ap as quickly
and evenly as possible for approximately 7 seconddil requested to stop” by the
investigator. Then the examiner demonstrated dBk, ttaking a deep breath and repeating
IPAPApPA...I. The examiner repeated these instructions foh edditional syllable target
Iknl and /ptaka/. All productions were monitored and redirectiorasvprovided as
necessary. The consonant-vowel combinations wdexted due to their frequent use in
clinical speech assessments for the evaluationreétmajor articulatory organs: lung, tongue
tip and tongue dorsum, in addition to relativelywloognitive burden.

Recording

All diadochokinesis speech productions were dilyitaécorded using an Olympus
WS-300M digital voice recorder and a Shure headsetophone placed 5 centimeters from
the subjects mouth (Svec & Granqvist, 2010). Tfdwording of all speech productions for
each subject was transferred from the Olympus W@v30igital recorder to a computer with
Praat software for speech analysis. Praat softdmmayed a speech waveform for every
speech production as well as a time stamp. DuhegPraat assessment, a 5 second voice
production segment was analyzed. Data analysismtaged after approximately one second
of speech production for each task. Speech prahsctvere calculated for total productions

during continuous production of five seconds. Tdtal number of speech productions over a
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5 second period was then averaged to determinagegroductions per second (Appendix
H).
Fiberoptic Endoscopic Evaluation of Swallowing (FBE

The basic FEES protocol as outlined in Langmordagcé& Olsen (1988) was used as
a guideline for placement of nasendoscope withstiigect sitting comfortably upright in a
chair. A flexible nasendoscope was passed throtlugimost patent nostril as determined by
patient report and visual observation by the prymeavestigator. This procedure was
performed without administration of topical anestt®eor vasoconstrictor application to the
nasal passage to eliminate the potential for advarsesthetic reactions (Aviv, Kaplan, &
Langmore, 2001). FEES equipment consisted of arfdléneter diameter flexible fiberoptic
rhinolaryngoscope (Olympus, ENF-P3P4), light so@g/mpus CLK-4), camera (ELMO),
an ACER color monitor and hard drive. All data gubjects and controls was recorded on
the system hard drive and backed up on DVD. ThES-Bssessment provided visualization
of the oral-pharyngeal and pharyngeal phases oll@amag except for a brief period when
base of tongue retraction and inversion of theleftig obstructed the view of the larynx at
the height of the swallow. Liquid bolus amountsevmeasured using a 60mL syringe. The
desired amount was placed in a 6 ounce Styrofogm @i thin liquid and pudding boluses
were dyed blue with food coloring for improved \afimation and given in the following
order: 1) 10mL thin liquid bolus by straw, 2) 30rtiin liquid bolus by straw, 3) 3 ounce thin
liquid bolus by straw, 4) 5mL puree bolus (levetedspoon), 5) 5mL puree bolus (leveled
teaspoon), and 6) one inch by one inch piece diagracracker. The monitor was shielded

from the subject. No visual or verbal feedback wawided during the assessment.
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Bolus trials were provided in the same order forpalticipants. Participants were
handed the premeasured amount of liquid in 6 ouBtyeofoam cup with a straw. The
instructions were to drink all the liquid in thepcand swallow as many times as necessary.
All participants swallowed the entire measured amidar each trial, except for one female
ALS subject she frank aspiration resulted in etgtynination (after 46mL) of the 3 ounce thin
liquid trial.
Swallowing Measures

After a subject completed the FEES, the swallowuat®on was reviewed in real-time
and slow motion to collect the following data farcé trial: counting the initial swallow and
number of successive swallows per bolus trial, amthg swallowing function with the
Penetration-Aspiration Scale (PAS) (Rosenbek et1#96), and the Pharyngeal Residue
Scale (Kelly et al.,, 2008). The PAS is an 8-pamntlinal scale of swallowing severity
dependent on the depth of events of laryngeal gimemnetration and tracheal aspiration as
well as patient reaction to those events (Appemdix PAS analysis occurred throughout all
swallows for each bolus. The most severe ratirigarey point during each trial was
documented for that trial. The pharyngeal resisktede (Kelly et al., 2008) was also utilized
for each bolus trial. Approximately 10 secondeia#ll oral pharyngeal movements ceased,
the subject was asked, “Are you done swallowing®that time the pharyngeal residue was
rated on a 5 point ordinal scale (Appendix ).

All data were recorded on the FEES Rater SheetéAgi ) and then transferred to
the Electronic Data Sheets. All data was organigedroup and task in the following order:
1) PAS ratings: female ALS group, male ALS groapd control group (Appendix J); 2)

Pharyngeal residue ratings: female ALS group, mAle&S group, and control group
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(Appendix K); and 3) Number of swallows per boléemale ALS group, male ALS group,
and control group (Appendix L).
Data Processing and Statistical Analysis Procedures

When comparing the ALS patients to the control ectsj, chi-squared tests were used
for the categorical variables. For the continugasables, a two sample t-test was used for
age and Wilcoxon two sample tests were used for @ the DHI, DDK and FEES
measurements. For assessing associations amond-Me DHI, DDK and FEES
measurements, Spearman’s correlation coefficieete wsed. These nonparametric methods
of Wilcoxon tests and Spearman’s correlations w#wae because the variables did not
always follow a normal distribution or were measliom an ordinal scale. Similar tests were
used when assessing the association of ALS chasdte with the FVC, DHI, DDK and
FEES measurements. All testing was done at thB @@el. Statistical analyses were
performed using SAS version 9.4 (SAS, 2014). Agrest between readers for the FEES
measurements was assessed using kappa statistibe fordinal responses of aspiration and
residue and intraclass correlation coefficientsniember of swallows.
Interrater Reliability

Preliminary interrater reliability was establishbdtween two experienced Speech-
Language Pathologists who ranked the swallowingtfan of 15 individual (91 individual
swallows) FEES examinations selected randomly franclinical database. The SLPs
independently rated each swallow and compared isgvankings on the PAS and residue
scales. Cohen’s Kappa analysis for interpretanbgity revealed very good to excellent
agreement between the two raters with kappa vaties’s for PAS and 0.72 for pharyngeal

residue scale.
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Interrater reliability was conducted all recordechow trials for this study. Each of
the two Speech-Language Pathologists, the Prinmugstigator and one other SLP trained in
the FEES procedure, individually ranked the swallhgwfunction of all 32 participants (169
unique swallowing trials). Swallowing rankings linded the number of swallows per bolus
trial, a Penetration-Aspiration Scale rating fockedolus trial, and a residue severity rating

for each bolus trial.
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CHAPTER 4
RESULTS

The primary purpose of this investigation was taraie potential correlations
between commonly utilized clinical measures to ssspeech and respiratory function with
swallowing ability in individuals with ALS. ALS gup performance was compared to
performance of a control group of similar age aaddgr composition.
Interrater Reliability Rating

All FEES measurements were rated independentlywayreviewers. Their results
were assessed for agreement. All individuals ef LS group and control group were
included in the following analyses. For the meamnts of PAS and pharyngeal residue,
regular Kappa statistics and weighted Kappa siedistere computed, along with their 95%
confidence intervals. Regular Kappa statisticsxdbdistinguish between different levels of
agreement where as weighted Kappa statistics atdourdisagreement between adjacent
levels in a different weight compared to discorganof more than one level. Due to the
ordinal nature of the measurements, weighted kapgigstics were utilized for interpretation
of the analysis. For the measurement of numbeswadllows, the intra-class correlations
coefficients (ICC) were computed, along with th@i% confidence intervals. Landis and
Koch (1977)provided interpretation for levels of agreemenngsihese statistics. Proposed
values of agreement were as follows: <0 as potw,.@ as slight, 0.21 to 0.4 as fair, 0.41 to
0.6 as moderate, 0.61 to 0.8 as substantial arf@laslalmost perfect agreement.
Measures of agreement for PAS and residue werendieed for six different bolus trials per
individual (Table 1). Levels of agreement for tRAS ranged from moderate to almost

perfect for the weighted Kappa analysis. The rasfgagreement for the pharyngeal residue
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measure varied from substantial to almost perfactife weighted Kappa results.  The level
of agreement was almost perfect for measuremehieafiumber of swallows (Table 2).
Comparison of ALS and Control Group Performance

Performance on all tasks was assessed for sigmtgchetween individuals in the ALS
group and the control group. Various analyses wéikzed to determine significance
including two sample t-test, chi-square test anét®ion two sample test. The Wilcoxon two
sample test was selected, over the two sampld teempare scores between the ALS and
control group because of unequal variability betw#dee groups and/or measurements using
an ordinal scale.
Demographics and FVC

Analysis of the demographic composition did notesd significant differences in age,
gender or history of tobacco use. Significant ddfeees were present with FVC %, a
continuous measure (p=<0.001), and FVC categoped.004). FVC performance for all
control group participants was above the 80% ptedithreshold for the within normal limits
(WNL) category, while ALS participant performanceasvdispersed throughout all three
categories, WNL, mild and moderate (Table 3).
DHI and Tired Rating

Performance on the DHI and tired rating measure® \@ssessed with Wilcoxon two
sample tests. Significant differences were prebetween ALS subjects and controls on all
measures of the DHI (Physical, Functional, Emotioaverall rating and Self-reported
Severity of Dysphagia) as well as self-reporteéldtirating at the time of the study (Table 4).
The lowest level of significance on these measwas p=0.018. ALS subjects consistently

reported higher ratings in all categories of thel @Rld on the tired rating.
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DDK, Number of Swallows, PAS and Pharyngeal Residue

Individuals in the control group produced signifidg more target repetitions per
second than ALS subjects across all variables (&400or p=<0.001) (Table 5). Controls
achieved 2 more productions ofMp/tA/ and /kn/ per second in comparison to subjects with
ALS. The repetition rate for AtAka/ was also significantly reduced in the ALS grou@ma
rate of 1.3 repetitions per second in comparisoR2 t@petitions per second in the control
group.

Significant differences were present between th& Atoup and the control group for
number of swallows for both the thin liquid 30mL=(p009) and thin liquid 3 ounce (p=
0.002) boluses. No significant differences weresen¢ for number of swallows with thin
liquid 10mL, puree or solid bolus trials (Table 6)here was a significant difference for PAS
measure ratings for all consistencies and triath #ie exception of thin liquid 10mL (Table
7).

Significant differences were discovered in sevesitpharyngeal residue after both the
initial swallow and after the final swallow of vats consistencies (Tables 8 and 9).
Significantly increased pharyngeal residue sevedfier the initial swallow, was present in
the ALS group with thin liquid 30mL, thin liquid unces and puree #2 boluses. The control
group severity was most often rated as coated,aslsethe ALS group was frequently rated as
mild with a few in the moderate range. Individu@lghe ALS group had significantly higher,
more severe, pharyngeal residue scale ratings tiféeffinal swallow for puree and solid
boluses. There was not a significant differencehiaryngeal residue ratings after the final
swallow for thin liquid bolus trials despite inceeal pharyngeal residue severity ratings for

ALS subjects.
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ALS Group Correlations for Speech, Respiration andSwallowing Measures
Correlations between DDK and FVC with Swallowingdslares

Within the ALS group, correlations between speedsgpiration and swallowing
measures were assessed. Correlations betweendvAfts ratings for all 6 bolus trials with
the four DDK measures and FVC were examined (Taldg  Significant negative
correlations between PAS andv/kper second with thin liquid 20mL (r = - 0.5047=[©.046),
and between PAS andMakA/ per second for thin liquid 10mL (r = - 0.556, p025). There
were also significant negative correlations betwB&S ratings for thin liquid 30z and FVC
(r = - 0.540, p = 0.046). The ratings of swallogiimpairment increased as FVC
performance and DDK productions per second decdease

Pharyngeal residue severity ratings for all 6 bdhals were examined for significant
correlations at two discrete periods (after theiahiswallow and after the final swallow)
during each trial with the four DDK measures andCFperformance (Table 11). Significant
negative correlations were found between pharyngesitiue ratings for the second puree
5mL bolus and solid bolus with DDK productiona/kper second. A significant negative
correlation was also present with pharyngeal resiciing for thin liquid 10mL and DDK
production of /ptAkA/ per second (r = - 0.560, p = 0.024). The voluhgharyngeal residue
increased as DDK production decreased. There meesggnificant correlations between FVC
performance with either period of pharyngeal resideverity analysis. There were no
significant correlations between pharyngeal residfier the first swallow of a bolus and
DDK (Table 12)

Correlations between Number of Swallows with Swalig Measures, DDK and FVC
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Number of swallows per bolus was also analyzedpfuiential correlations with the
PAS, the pharyngeal residue scale, DDK, FVC and QOHbles 13, 14 and 15). Significant
positive correlations were determined between thmaber of swallows per bolus and the
severity of PAS rating and pharyngeal residue sgveating after the final swallow with thin
liquid 10mL bolus trials (Table 14). The sevemythe PAS rating for puree bolus #1 and
solid bolus were also positively associated witimbar of swallows per bolus trial. No
significant correlations were revealed between Déid FVC with number of swallows per
bolus trial (Table 13).
Correlations between the DHI with Swallowing MeasyDDK and FVC

Significant correlations were present betweenDk# with the PAS, the pharyngeal
residue scale, DDK and FVC. Significant positiverelations were found between the PAS
rating for thin liquid 30mL and the Functional, Emomal and Dysphagia Self-rating
subscales of the DHI. Significant positive corrglas were present between the PAS severity
rating for thin liquid 3 ounce bolus trial and aflthe DHI scales except the physical subscale.
Levels of significance for both 30mL and 3 ounde tilquid boluses were between p = 0.001
and p = 0.039 (Table 16).

Significant positive correlations were present dirDHI scales with pharyngeal residue
severity (after the final swallow) for at least dna@us trial (Table 17). The puree bolus trial
number two had a significant positive correlatiomhvihe Physical and Overall scales of the
DHI. Pharyngeal residue severity for thin liquidniL has a significant positive correlation
with the Functional, Overall, and Dysphagia Selfi#ka scales of the DHI. There was a
significant positive correlation between the Emodilhp Overall and Dysphagia Self-Rating

scales of the DHI and pharyngeal residue sevatitgr the final swallow, with solid boluses.
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Pharyngeal residue rating severity for 30mL was algnificantly positively correlated with
Functional scale severity on the DHI.

No significant correlations were present with Ditgoharyngeal residue after the initial
swallow with any bolus trial (Table 18). Signifidanegative correlations existed between the
Functional scale of the DHI and the FVC percenfage-0.517, p = 0.028), and between the
Emotion scale of the DHI and the Ka/second DDK raeagr = -0.502, p = 0.034) (Table
19).

Analysis of ALS Aspiration/Non-Aspiration Groups with Clinical Assessments and
Swallowing Measures.

Swallowing ability was assessed categorically iuitthe ALS group to evaluate for
significant correlations between aspirators and-agpirators. This analysis combined PAS
ratings 1-5 (no aspiration) and 6-8 (aspiratiorgkf€s 20-22). Significant correlations were
found between aspiration and non-aspiration greviisthe thin liquid 10mL trial (Table 20)
and ka/second, p = 0.024. The non-aspiration gmnopluced twice as many targets per
second on average as the aspiration group.

Significant correlations were present between aspis and non-aspirators with the thin
liquid 30mL bolus (Table 21) and the Functional Dddhle (p = 0.049), Emotional (p=0.04)
and Self-Rating of Swallowing (p = 0.029). Funotab DHI scores on average were 2.87
times greater for the aspiration group (14.75) than non-aspiration group (5.14). For the
mean Emotional DHI score, the aspiration group Wa& times higher than the non-
aspiration group. Self-Reported Severity of Dysphagores were 2.59 times greater (i.e.,
indicating more severe impairments in swallowingigh for the aspiration group (4.06) in
comparison to the no aspiration group (1.57). Baant differences were also present

between PAS severity rating of thin liquid 3 ounteals (Table 22) with the following DHI
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severity scales: Functional (p = 0.030), Emotiofml= 0.016), Overall (0.034) and Self-
Rating of Swallowing (p = 0.043). On average, @spiration group reported a severity level
that was more than twice as much compared to timeaspiration group. PAS categories
were not assessed with puree #1, puree #2 or bolitses due to the limited number of
aspiration events.

Analysis of Duration of Disease, Onset, ALS-FRSR anh BMI with Clinical and
Swallowing Measures in the ALS Group

During the course of the study, several additidaelors were identified for analysis.
These factors included: type of ALS symptom ondetation of ALS disease at time of study
completion, body mass index (BMI) at the time afdst completion and total ALS-FRSR
score. These factors were analyzed to deterrhigngyicorrelations existed with the primary
assessment measures (FVC, PAS, pharyngeal reSi@eand DHI).

There were no significant correlations between F¥&tegories (WNL, Mild,
Moderate impairment) and DHI measures, DDK perfaoroea PAS severity, pharyngeal
residue severity or number of swallows per boluagb(& 23-27). Analysis between type of
onset (bulbar, axial and mixed) and DHI scores alae significant correlations with the
Physical and the Self-Reported Severity of Dysphdgating (Table 28). In both DHI
measures the bulbar onset group reported the neestes ratings, the mixed onset group
second most severe and the axial onset group WwiHeast impairments. The bulbar onset
group scored more than twice as high (more sewasethe other two groups. Significant
differences were present between type of onsetR&8 severity with thin liquid 10mL
(Table 29) and with pharyngeal residue severityhwhin liquid 30mL (Table 30). The bulbar
onset group demonstrated the greatest impairmentsoth the PAS and pharyngeal residue

scales. Eighty percent of the bulbar onset graGp¢ of the axial group and 0% of the mixed
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group received the most severe PAS rating scorghior liquid 10mL. There were no
significant correlations between type of onset BRK or FVC (Table 31).

Seventeen of the ALS participants had durationyofipgoms less than four years,
while one patient has had symptoms for over 15 syeafnalyses for duration of ALS
symptoms were done for all ALS participants, aslaslonly those with duration within the
last four years. Significant positive correlatiobstween duration of ALS symptoms
(including all participants) with PAS score for par#2 (r = 0.517, p = 0.040) and with
number of swallows for thin liquid 3oz and puree Fhbles 32 and 33) were noted. No
significant associations were found between dunatibALS symptoms (all participants) and
DDK, FVC, DHI or pharyngeal residue measures (Talbd-36). Significant positive
correlation was present between duration of ALS ggms (within 4 years) and number of
swallows for thin liquid 30z and puree#1 (Table.3R)o significant correlations were present
between duration of ALS symptoms (within 4 yearsf eDDK, FVC, DHI, pharyngeal
residue or PAS ratings (Tables 38-41).

A significant positive correlation was present betw total ALS-FRSR score and
number of swallows for thin liquid 10mL and solidlbses (r = 0.569, 0.574 and p = 0.021,
0.016 respectively) (Table 42). There were noigant correlations between total ALS-
FRSR and DDK, FVC, DHI, PAS or pharyngeal residli@bles 43-46).

Analyses were completed to examine the correldigtween body mass index (BMI)
rating of normal or overweight/obese and with F\BDK, DHI, PAS severity, pharyngeal
residue severity and number of swallows per bollifiere was a significant difference in
pharyngeal residue of thin liquid 30mL between tlhemal or overweight/obese BMI groups

(Table 47). Eighty-eight percent of the ALS papants in the overweight/obese BMI
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category had mild residue compared to only 29%hefdubjects with normal BMI category.
There were no significant correlations between Bidd DDK, FVC, DHI or PAS measures

(Tables 48-51).

Table 1: Measurements of Interrater Agreement f% Bnd Pharyngeal Residue

PAS Residue
Kappa Weighted Kapp Kappa Weighted Kappa
Bolus w/ 95%CI w/ 95%ClI w/ 95%CI w/ 95%CI

Thin liquid 10ml| 0.54 (0.34,0.74) 0.72 (0.56, 0.909.83 (0.64, 1.00) 0.85 (0.70, 1.00

Thin liquid 30ml| 0.67 (0.48, 0.86) 0.81 (0.68, 0.95} 0.70 (0.45, 0.94) 0.73 (0.50, 0.96

Thin liquid 3oz | 0.54 (0.33, 0.75)0.77 (0.65, 0.90§ 0.72 (0.50, 0.94) 0.76 (0.56, 0.96
Puree 1 0.70 (0.48, 0.98).83 (0.67, 0.98} 0.63 (0.37, 0.89) 0.69 (0.47, 0.92
Puree 2 0.65 (0.44, 0.870.86 (0.74, 0.98§ 0.72 (0.51, 0.94) 0.77 (0.59, 0.95
Solid 0.44 (0.20, 0.67)0.58 (0.30, 0.85} 0.59 (0.38, 0.81) 0.74 (0.59, 0.88
Table 2: Measurements of Interrater Agreement famNer of Swallows

Bolus ICC w/ 95% CI

Thin liquid 10ml 0.98 (0.96, 0.99)

Thin liquid 30ml 0.98 (0.96, 0.99)

Thin liquid 30z 0.81 (0.65, 0.90)

Puree 1 0.89 (0.79, 0.94)

Puree 2 0.95 (0.90, 0.97)

Solid 0.91 (0.83, 0.95)
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Table 3: Demographic and FVC for ALS and Contrdijsats

ALS patients|  Controls
Variable Response (N=18) (N=15) p-value
Age Mean + S.D 67.9 + 8.7 65.5 + 8.2 0.409
Median (Range 66 (54 to 82] 63 (58 to 84
Gender F 12 (67% 11 (73%) 0.678
M 6 (33%) 4 (27%)
Tobacco N 13 (72% 10 (67%) 0.73C
History Y 5 (28%) 5 (33%)
FVC, % Mean + S.D 76.2+16.7 110.7 +16.4 <.008
Median (Range| 79 (51 to 107112 (87 to 150
FVC categorie{ WNL 9 (50%) 15 (100%) 0.004
Mild 4 (22%) 0 (0%)
Moderate 5 (28%) 0 (0%)

a -- p-value from two sample t-test.

b -- p-value from chi-square test.

¢ — p-value from Wilcoxon two sample test.
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Table 4: DHI response and tired rating for ALS @unhtrol subjects

ALS patienty Controls
Variable (N=18) (N=15) |p-valué
Physical Mean + S.D 9.9+6.5 3.9+2.7 0.004
Median (Rang¢ 6 (2 to 22 4 (0t 10)
Functional Mean + S.D 11.2+9.6 0.1+ 0.5 <.001
Median (Rang¢ 8 (0 to 30)0.20 (0 to 2)
Emotional Mean + S.D 4.9 +5.8 0/ 0.001
Median (Rang¢ 2 (0to 16 All 0’s
Overall Mean + S.D 26.0 £ 19.9 4.0+3.0 <.001
Median (Rangg 18 (6t068] 4 (0to 12
Self-report Mean £ S.D 3.0+1.9 1.3+£0.6 0.006
swallowing difficultyMedian (Rangg 2.5(1to 6 1(1to3
Tired Rating Mean £ S.D 3.2+20 1.5+£0.7 0.018
Median (Rang¢ 3.5(1to7 1(1to 3)

a — p-value from Wilcoxon two sample test.
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Table 5: DDK information for ALS and control subjgec

ALS patients Controls

Variable (N=18) (N=15) |p-valué

pA /sec  [Mean = S.D 3.6+1.6 5.7+0.6 <.001
Median (Rangg 3.3 (1.41t06.4/5.6 (4.61t06.8

ta/sec Mean + S.D 3.2+1.6 5.3+0.7 0.001
Median (Rangg 3.1(1t06.4]5.2(4.4106.8

kan/ sec  |[Mean +S.D 28+1.3 5.1+0.7 <.001
Median (Rangg 27(1t05.8] 53(4.2t06

pAtAka/secMean + S.D 1.3+0.6 2.0+£0.3 0.001
Median (Rang¢ 1.2 (0.4 to 2.066 2 (1.6t0 2.6

a — p-value from Wilcoxon two sample test.

Table 6: Number of swallows for ALS and control gals

ALS patienty Controls

Bolus Response (N=18) (N=15) |p-valué

Thin liquid 10mL |Mean + S.D 58+5.2 3.4+15 0.104
Median (Range, 4 (2to22) 3(2to7)

Thin liquid 30 mL Mean + S.D 7.1+49 39+1.2 0.009
Median (Range, 6 (1to 22) 4 (2 to 6)

Thin liquid 30z |Mean +S.D 11.5+4. 6.3+3.0 0.002
Median (Range| 10 (6 to 23]5 (4 to 13

Puree SmL#1 |Mean*=S.D 34+19 29+1.0 0.829
Median (Range 3(1to8) 3(2to5)

Puree SmL #2 |Mean =S.D 34+22 29+1.1 0.798
Median (Range, 3 (1to 10) 3 (2to5)

Solid Mean £ S.D 39+21 3.1+1.2 0.248
Median (Range 4(1t09) 3(1to5)

a — p-value from Wilcoxon two sample test.
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Table 7: Penetration Aspiration Scale for ALS aodtml subjects

ALS
patients| Controls| p-

Bolus Response (N=18)| (N=15) | valué'
Thin | Does not enter airway 5(31%) 8 (53%) 0.158
Liquid |Enters airway, above VF, ejected from airway 2 (13%) 2 (13%)
10 mL | Enters airway, above VF, not ejected from airway| 2 (13%)| 0 (0%)

Enters airway, contacts VF, ejected from airway | 1 (6%)| 0 (0%)

Enters airway, contacts VF, not ejected from airw{ 1 (6%)| 5 (33%)

Enters airway, below VF, no effort made to eject | 5 (31%), 0 (0%)
Thin | Does not enter airway 3 (20%)| 10 (67%) 0.005
Liquid |Enters airway, above VF, ejected from airway 2 (13%) 1 (7%)
30 mL | Enters airway, above VF, not ejected from airway| 1 (7%)| 1 (7%)

Enters airway, contacts VF, ejected from airway | 0 (0%)| 1 (7%)

Enters airway, contacts VF, not ejected from airwg 1 (7%)| 2 (13%)

Enters airway, below VF, not ejected from tracheg 1 (7%)| 0 (0%)

despite effort

Enters airway, below VF, no effort made to eject | 7 (47%), 0 (0%)
Thin | Does not enter airway 1 (7%)| 9 (60%) 0.003
Liquid |Enters airway, above VF, ejected from airway 3 (21%)| 3 (20%)
30z |Enters airway, contacts VF, not ejected from airwq 3 (21%) 0 (0%)

Enters airway, below VF, ejected into larynx or ou 0 (0%)| 2 (3%)

of airway

Enters airway, below VF, not ejected from tracheg 1 (7%)| 1 (7%)

despite effort

Enters airway, below VF, no effort made to eject | 6 (43%), 0 (0%)
Puree |Does not enter airway 8 (50%)| 14 (93%) 0.014
smL |Enters airway, above VF, ejected from airway 1 (6%)| 0 (0%)
#1 Enters airway, above VF, not ejected from airway| 4 (25%), 1 (7%)

Enters airway, contacts VF, not ejected from airwq 2 (13%), 0 (0%)

Enters airway, below VF, no effort made to eject | 1 (6%)| 0 (0%)
Puree |Does not enter airway 7 (44%)| 12 (80%) 0.026
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Table 7: Penetration Aspiration Scale for ALS aodtml subjects

ALS
patients| Controls| p-
Bolus Response (N=18)| (N=15) | valué'
5mL |Enters airway, above VF, ejected from airway 0 (0%) 1 (7%)
#2 Enters airway, above VF, not ejected from airway| 5 (31%) 2 (13%)
Enters airway, contacts VF, not ejected from airwg 1 (6%)| 0 (0%)
Enters airway, below VF, no effort made to eject | 3 (19%) 0 (0%)
Solid |Does not enter airway 7 (44%)| 11 (73%) 0.037
Enters airway, above VF, ejected from airway 2 (13%) 4 (27%)
Enters airway, above VF, not ejected from airway| 2 (13%), 0 (0%)
Enters airway, contacts VF, not ejected from airwq 4 (25%) 0 (0%)
Enters airway, below VF, no effort made to eject | 1 (6%)| 0 (0%)

a — p-value from Wilcoxon two sample test.
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Table 8: Comparing Pharyngeal Residue after th@li8wallow for
ALS and Control subjects

ALS patients| Controls
Variable Response  (N=18) (N=15) | p-valué

Thin liquid 10ml | None 1 (6%) 2 (13%) |0.911
Coating |6 (38%) 3 (20%)
Mild 8 (50%) 10 (67%)
Severe |1 (6%) 0 (0%)

Thin liquid 30ml |Coating |3 (19%) 10 (67%) | 0.004
Mild 10 (63%) 5 (33%)
Moderate | 3 (19%) 0 (0%)

Thin liquid 30z | None 0 (0%) 1 (7%) 0.010
Coating |3 (19%) 9 (60%)
Mild 12 (75%) |5 (33%)
Moderate | 1 (6%) 0 (0%)

Puree 1 None 0 (0%) 1 (7%) 0.826
Coating |6 (35%) 4 (27%)
Mild 10 (59%) 10 (67%)
Moderate | 1 (6%) 0 (0%)

Puree 2 Coating |1 (6%) 5 (33%) |0.038
Mild 13 (81%) 10 (67%)
Moderate | 2 (13%) 0 (0%)

Solid None 5 (29%) 6 (40%) |0.287
Coating |3 (18%) 4 (27%)
Mild 6 (35%) 4 (27%)
Moderate | 1 (6%) 1 (7%)
Severe |2 (12%) 0 (0%)

%P-value from Wilcoxon two sample test.

Table 9: Pharyngeal Residue Scale after the Fiwvall&w

for ALS and Control subjects
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ALS patientg Controls

Variable Respons{ (N=18) |(N=15)|p-valué

Thin liquid, 20mL | None 0 (0%)| 2 (13%) 0.09
Coating 5 (31%)| 7 (47%)
Mild 11 (69%) 6 (40%)

Thin liquid, 30 mL None 0 (0%)| 2 (13%)| 0.054
Coating 6 (40%) 9 (60%)
Mild 9 (60%)| 4 (27%)

Thin liquid, 3 0z |[None 0 (0%)| 3 (20%) 0.061
Coating 8 (53%)| 9 (60%)
Mild 7 (47%)| 3 (20%)

Puree, 5mL #1 |None 0 (0%)| 2 (13%)| 0.015
Coating 3 (18%)| 7 (47%)
Mild 13 (76%) 6 (40%)
Moderate 1 (6%) 0 (0%)

Puree, 5SmL #2 |None 0 (0%)| 1 (7%)| 0.006
Coating 3 (18%)| 9 (60%)
Mild 12 (71%) 5 (33%)
Moderate 2 (12%), 0 (0%)

Solid None 1 (6%)| 9 (60%) 0.002
Coating 4 (24%)| 3 (20%)
Mild 10 (59%) 3 (20%)
Moderate 2 (12%), 0 (0%)

a — p-value from Wilcoxon two sample test.
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Table 10: Associations for PAS with DDK and FVC

Spearman’s
Correlation

DDK Bolus N | Coefficient| p-value|
pA/sec Thin liquid 10mL | 16 -0.267] 0.317
Thin liquid 30 mL| 15 -0.023, 0.936

Thin liquid 30z |14 -0.307| 0.286

Puree 5SmL #1 |16 0.088 0.747
Puree5mL#2 |16 -0.189] 0.484

Solid 16 0.036| 0.895

tal sec Thin liquid 10mL |16 -0.251] 0.348
Thin liquid 30 mL| 15 -0.102] 0.717

Thin liquid 30z |14 -0.366| 0.198

Puree 5SmL #1 |16 0.209) 0.437

Puree5 mL#2 |16 -0.091 0.737

Solid 16 0.174) 0.519

ka/sec Thin liquid 10mL |16 -0.504| 0.046
Thin liquid 30 mL| 15 -0.261] 0.348

Thin liquid 30z |14 -0.509 0.063

Puree 5SmL #1 |16 0.124) 0.646

Puree5 mL#2 |16 -0.087| 0.750

Solid 16 -0.032] 0.907
pAtAka/sec Thin liquid 10mL | 16 -0.556| 0.025
Thin liquid 30 mL| 15 -0.092 0.746

Thin liquid 30z |14 -0.236| 0.417

Puree 5SmL #1 |16 0.199 0.460

Puree5 mL#2 |16 0.125] 0.646

Solid 16 0.084) 0.756

FVC Thin liquid 10mL |16 -0.366| 0.164
Thin liquid 30 mL| 15 -0.314| 0.255

Thin liquid 30z |14 -0.540, 0.046
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Table 10: Associations for PAS with DDK and FVC

DDK

Spearman’s

Correlation
Bolus N | Coefficient| p-value|
Puree 5mL #1 |16 0.024| 0.930
Puree5mL#2 |16 -0.295 0.268
Solid 16 -0.340, 0.198
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Table 11: Associations for Pharyngeal Residue Sedier final swallow) with

DDK and FVC
Spearman’s Correlation
DDK Bolus N | CoeffieienCoefficient p-value
pA/sec Thin liquid 10mL |16 -0.308 0.245
Thin liquid 30 mL| 15 0.174 0.535
Thin liquid 30z |15 0.232 0.405
Puree 5SmL#1 |17 0.385 0.127
Puree 5mL#2 |17 -0.441 0.076
Solid 17 -0.211 0.416
tA/sec Thin liquid 10mL |16 -0.278 0.296
Thin liquid 30 mL| 15 0.158 0.574
Thin liquid 30z |15 0.186 0.507
Puree SmL #1 |17 0.424 0.089
Puree 5mL#2 |17 -0.455 0.067
Solid 17 -0.258 0.317
kn/sec Thin liquid 10mL |16 -0.397 0.128
Thin liquid 30 mL|15 -0.079 0.779
Thin liquid 30z |15 0.171 0.542
Puree SmL #1 17 0.317 0.215
Puree 5mL #2 |17 -0.512 0.036
Solid 17 -0.484 0.049
pAtaka/sec| Thin liquid 10mL |16 -0.560 0.024
Thin liquid 30 mL| 15 -0.159 0.572
Thin liquid 30z |15 0.109 0.698
Puree 5SmL#1 |17 0.296 0.248
Puree 5mL#2 |17 -0.350 0.169
Solid 17 -0.293 0.253
FVC Thin liquid 10mL |16 -0.337 0.202
Thin liquid 30 mL| 15 -0.095 0.737
Thin liquid 30z |15 -0.449 0.093
Puree SmL #1 17 0.344 0.176
Puree 5mL#2 |17 0.060 0.818
Solid 17 -0.139 0.594
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Table 12: Associations of Pharyngeal Residue Sedtler first swallow) with

DDK and FVC with residue after first swallow

Spearman’s
Correlation
DDK Bolus N Coefficient p-value
pA/sec Thin liquid 10ml 16 -0.020 0.943
Thin liquid 30ml 16 0.067 0.806
Thin liquid 30z 16 0.147 0.587
Puree 1 17 0.170 0.515
Puree 2 16 0.069 0.798
Solid 17 -0.077 0.770
tA/sec Thin liquid 10ml 16 0.060 0.825
Thin liquid 30ml 16 0.067 0.806
Thin liquid 30z 16 0.145 0.592
Puree 1 17 0.182 0.485
Puree 2 16 0.179 0.508
Solid 17 -0.047 0.857
ka/sec Thin liquid 10ml 16 -0.205 0.446
Thin liquid 30ml 16 -0.134 0.622
Thin liquid 30z 16 -0.098 0.717
Puree 1 17 0.136 0.603
Puree 2 16 -0.108 0.692
Solid 17 -0.209 0.421
pAtAKA/sec Thin liquid 10ml 16 -0.263 0.326
Thin liquid 30ml 16 -0.067 0.806
Thin liquid 30z 16 -0.068 0.801
Puree 1 17 0.303 0.237
Puree 2 16 0.053 0.844
Solid 17 -0.226 0.383
FVC, % Thin liquid 10ml 16 -0.242 0.367
Thin liquid 30ml 16 -0.399 0.126
Thin liquid 30z 16 0.049 0.858
Puree 1 17 0.415 0.097
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Table 12: Associations of Pharyngeal Residue Sedtler first swallow) with

DDK and FVC with residue after first swallow

Spearman’s
Correlation
DDK Bolus N Coefficient p-value
Puree 2 16 -0.128 0.638
Solid 17 -0.033 0.901

Table 13: Associations for DDK and FVC with numbéswallows
Spearman’s Correlatic

Swallows Bolus N Coefficient p-value
Thin liquid 10ml| pa/sec 16 0.039 0.886
tA/sec 16 0.040 0.884

ka/sec 16 -0.194 0471

pAtAka/sec | 16 -0.276/ 0.300

FVC, % 16 -0.029 0.917

Thin liquid 30ml| pa/sec 15 0.316/ 0.252
tA/sec 15 0.311] 0.259

ka/sec 15 0.000 1.000

pAtAka/sec |15 0.015 0.959

FVC, % 15 0.097 0.730

Thin liquid 30z |pa/sec 15 -0.178/ 0.526
tA/sec 15 -0.163] 0.563

kn/sec 15 -0.3120 0.257

pAtAka/sec |15 -0.190, 0.497

FVC, % 15 -0.139 0.622

Puree 5 mL #1 |pa/sec 17 0.215 0.407
ta/sec 17 0.323 0.206

ka/sec 17 0.240 0.353

pAtAka/sec |17 0.161 0.537
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Table 13: Associations for DDK and FVC with numbéswallows
Spearman’s Correlatic

Swallows Bolus N Coefficient p-value
FVC, % 17 -0.265 0.305

Puree 5 mL #2 | pa/sec 17 -0.018 0.945
tA/sec 17 0.101] 0.701

ka/sec 17 0.008 0.977

pAtAka//sec 17 0.017| 0.949

FVC, % 17 -0.156 0.551

Solid pA/sec 17 0.257, 0.320
tA/sec 17 0.330 0.196

ka/sec 17 0.095 0.717

pAtAka/sec |17 -0.024; 0.928

FVC, % 17 -0.264{ 0.305

Table 14: Association of PAS and residue with nuntdbeswallows

PAS Residue

Spearman’y Spearman’s

Correlation Correlation
Swallows N | Coefficient| p-value| Coefficient p-value
Thin liquid 10mlf 16| 0.689 0.003 0.522 0.038
Thin liquid 30ml 15| 0.188 0.503 0.460 0.084
Thin liquid 30z | 14| 0.329 0.251 0.158 0.574
Puree5mL#1 | 16| 0.532 0.034 0.100 0.704
Puree 5mL#2 | 16| 0.440 0.088 0.034 0.896
Solid 16| 0.631 0.009 -0.077 0.768
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Table 15: Associations of DHI with Number of Swal®

Spearman’
Correlation
Swallows DHI N | Coefficient|p-valug|
Thin liquid 10ml Physical 16 0.316/ 0.233
Functional 16 0.435 0.092
Emotional 16 0.205 0.446
Overall 16 0.464, 0.070
Self-rating swallowing 16 0.293 0.271
Tired Rating 16 -0.231 0.389
Thin liquid 30ml Physical 15 0.269 0.331
Functional 15 0.183 0.514
Emotional 15 0.005 0.987
Overall 15 0.194 0.488
Self-rating swallowing 15 0.118 0.675
Tired Rating 15 -0.344, 0.209
Thin liquid 3oz |Physical 15 0.368 0.177
Functional 15 0.364) 0.182




68

Table 15: Associations of DHI with Number of Swal®

Spearman’
Correlation
Swallows DHI N | Coefficient|p-valug|
Emotional 15 0.113 0.689
Overall 15 0.266/ 0.338
Self-rating swallowing 15 0.150, 0.593
Tired Rating 15 -0.185 0.508
Puree #1 Physical 17 0.140, 0.592
Functional 17 0.235 0.365
Emotional 17 0.095 0.717
Overall 17 0.186 0.475
Self-rating swallowing 17 -0.080, 0.761
Tired Rating 17 -0.143 0.583
Puree #2 Physical 17 0.225 0.386
Functional 17 0.123 0.639
Emotional 17 -0.097; 0.710
Overall 17 0.112) 0.668
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Table 15: Associations of DHI with Number of Swal®

Spearman’
Correlation
Swallows DHI N | Coefficient|p-valug|
Self-rating swallowing 17 -0.137, 0.599
Tired Rating 17 -0.446, 0.073
Solid Physical 17 0.166| 0.524
Functional 17 0.242) 0.349
Emotional 17 -0.041] 0.876
Overall 17 0.174) 0.505
Self-rating swallowing 17 0.030, 0.908
Tired Rating 17 -0.356, 0.161
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Table 16: Associations for Penetration-Aspirati@al® (PAS) with DHI

Spearman’s Correlatic

DHI Bolus N Coefficient p-value
Physical Thin liquid 10mL |16 0.099 0.714
Thin liquid 30 mL| 15 0.059 0.835

Thin liquid 30z |14 0.347) 0.224

Puree SmL #1 |16 -0.122 0.652

Puree 5SmL #2 |16 -0.043 0.875

Solid 16 0.002 0.993

Functional Thin liquid 10mL |16 0.446/ 0.083
Thin liquid 30 mL|15 0.545 0.035

Thin liquid 30z |14 0.653 0.011

Puree SmL #1 |16 -0.1020 0.707

Puree 5SmL#2 |16 0.049 0.858

Solid 16 0.286 0.283

Emotional Thin liquid 10mL |16 0.256/ 0.339
Thin liquid 30 mL| 15 0.538 0.039

Thin liquid 30z |14 0.771 0.001

Puree SmL #1 |16 -0.079 0.770

Puree 5SmL #2 |16 0.306 0.250

Solid 16 0.328 0.215

Overall Thin liquid 10mL |16 0.399 0.126
Thin liquid 30 mL| 15 0.410 0.129

Thin liquid 30z |14 0.679 0.008

Puree SmL #1 |16 -0.154 0.568

Puree 5SmL#2 |16 0.066/ 0.808

Solid 16 0.250 0.351

Self-rating swallowing Thin liquid 10mL | 16 0.435 0.092
Thin liquid 30 mL|15 0.558 0.031
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Table 16: Associations for Penetration-Aspirati@al® (PAS) with DHI
Spearman’s Correlatic
DHI Bolus N Coefficient p-value
Thin liquid 30z |14 0.601 0.023
Puree SmL #1 |16 -0.391 0.135
Puree 5SmL #2 |16 -0.061] 0.823
Solid 16 -0.027| 0.921

Table 17: Associations for Pharyngeal Residue Sedier final swallow) with DH

Spearman’s Correlatio

DHI Bolus N Coefficient p-value
Physical Thin liquid 10mL |16 0.163 0.545
Thin liquid 30 mL | 15 0.321] 0.244

Thin liquid 30z |15 0.266| 0.337

Puree 5mL #1 17 0.322 0.208

Puree 5mL #2 17 0.554| 0.021

Solid 17 0.366| 0.149

Functional Thin liquid 10mL |16 0.529 0.035
Thin liquid 30 mL | 15 0.174 0.534

Thin liquid 30z |15 0.450, 0.092

Puree 5mL #1 17 0.012] 0.965

Puree 5mL #2 17 0.246, 0.341

Solid 17 0.438 0.079

Emotional Thin liquid 10mL | 16 0.374 0.154
Thin liquid 30 mL | 15 0.049 0.864

Thin liquid 30z |15 0.225] 0.420

Puree 5mL #1 17 0.003] 0.990

Puree 5mL #2 17 0.437, 0.080

Solid 17 0.668 0.003

Overall Thin liquid 10mL |16 0.528 0.036
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Table 17: Associations for Pharyngeal Residue Sedier final swallow) with DH

Spearman’s Correlatio

DHI Bolus N Coefficient p-value
Thin liquid 30 mL | 15 0.237| 0.395

Thin liquid 30z |15 0.341 0.213

Puree 5mL #1 17 0.206| 0.429

Puree 5mL #2 17 0.513 0.035

Solid 17 0.583 0.014

Self-rating swallowing| Thin liquid 10mL |16 0.507 0.045
Thin liquid 30 mL | 15 0.274) 0.323

Thin liquid 30z |15 0.476| 0.073

Puree 5mL #1 17 0.040, 0.878

Puree 5mL #2 17 0.436| 0.080

Solid 17 0.491 0.046
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Table 18: Associations of Pharyngeal Residue (&ftgtrswallow) with DHI

Spearman’
Correlation| p-

DHI Bolus N | Coefficient| value

Physical Thin liquid 10ml 16 0.040, 0.882
Thin liquid 30ml 16 0.045 0.869

Thin liquid 3oz 16 0.241 0.370

Puree 1 17 0.407| 0.105

Puree 2 16 0.343] 0.193

Solid 17 0.322 0.207

Functional Thin liquid 10ml| 16 0.369 0.159
Thin liquid 30ml 16 0.523 0.038

Thin liquid 30z 16 0.243 0.364

Puree 1 17 0.023 0.931

Puree 2 16 0.362 0.169

Solid 17 0.334) 0.190

Emotional Thin liquid 10ml 16 0.220, 0.413
Thin liquid 30ml 16 0.407| 0.117

Thin liquid 30z 16 0.016/ 0.953

Puree 1 17 0.081 0.757

Puree 2 16 0.349 0.185

Solid 17 0.036/ 0.891

Overall Thin liquid 10ml 16 0.339 0.200
Thin liquid 30ml 16 0.333 0.207

Thin liquid 3oz 16 0.201] 0.454

Puree 1 17 0.170, 0.515

Puree 2 16 0.345 0.191

Solid 17 0.393 0.119

Self-reported Severity of Self-reported Thin liquid 10ml 16 0.278 0.296
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Table 18: Associations of Pharyngeal Residue (&fttrswallow) with DHI

Spearman’
Correlation| p-
DHI Bolus N | Coefficient| value
Severity of Dysphagia Thin liquid 30ml 16 0.474| 0.063
Thin liquid 3oz 16 0.126) 0.642
Puree 1 17 0.033 0.900

Table 19: Associations for DDK and FVC with DHI (h&for all)
Spearman’s Correlatic

DHI Bolus Coefficient p-value
Physical pA/sec -0.124) 0.624
ta/sec -0.202 0.422

ka/sec -0.302] 0.223

pAtAkA/sec -0.059 0.816

FVC, % 0.035 0.891

Functional pA/sec -0.191] 0.447
ta/sec -0.183] 0.466

ka/sec -0.304; 0.219

pAtAkA/sec -0.287| 0.247

FVC, % -0.517, 0.028

Emotional pA/sec -0.404; 0.096
ta/ Isec -0.408 0.092

ka/sec -0.502] 0.034

pAtAkA/sec -0.365| 0.136

FVC, % -0.412) 0.090

Overall pA/sec -0.272) 0.275
tA/sec -0.2685 0.252

ka/sec -0.378 0.122
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Table 19: Associations for DDK and FVC with DHI (h&for all)

Spearman’s Correlatic

DHI Bolus Coefficient p-value
pAtAkA/sec -0.297] 0.232

FVC, % -0.364, 0.137

Self-rating swallowing pa/sec -0.238 0.342
ta/sec -0.297| 0.231

ka/sec -0.372 0.129

pAtAkA/sec -0.306/ 0.218

FVC, % -0.465 0.052
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Table 20: PAS (Asp/no Asp) of Thin liquid 20mL wiiiHI, DDK and FVC

No Aspiration Aspiration
Variable (N=11) (N=5) p-valué

DHI

Physical 7.27 £5.08 14.00 +5.83 |0.116
Functional 8.18+7.24 18.80 +11.01 |0.108
Emotional 4.18 +5.40 8.40 £ 6.54 0.153
Overall 19.64 +16.19 [41.20 +21.57 |0.073
Self-rating of swallowing |2.36 £ 1.80 450+1.12 0.061
Tired rating 3.36 + 2.06 260+1.14 0.426
DDK and FVC

pA/sec 3.75+1.51 2.64 +1.38 0.211
ta/ sec 3.38+1.62 2.33+1.34 0.211
ka/sec 3.22+1.33 1.64 +£0.61 0.024
PAtAKA/sec 1.33 +0.47 0.79+0.42 0.058
FVC, % 80.27 £ 16.79 |67.60+£17.94 |0.231

®P-values from Wilcoxon two sample tests
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Table 21: P& (Asp/no Asp) of Thin liquid 30mL with DHI, DDK anFVC

No Aspiration Aspiration
Variable (N=7) (N=8) p-valué

DHI

Physical 6.86 £ 4.74 10.50+6.39 |0.282
Functional 5.14 +4.30 14.75+9.07 |0.049
Emotional 1.43+2.23 7.75+5.70 0.040
Overall 13.43+£6.60 |33.00 +20.28 [0.076
Self-rating of swallowing |1.57 £0.79 4.06+1.78 0.029
Tired rating 3.43 £ 2.07 2.88+1.81 0.859
DDK and FVC

pA/sec 3.83+1.82 3.28+1.15 0.570
ta/sec 3.72+1.84 2.70x£1.15 0.341
ka/sec 3.49+1.61 2.28+0.70 0.152
pAtAkA/sec 1.35+0.50 1.08 £0.47 0.428
FVC, % 82.57 £18.46 |73.50+ 16.13 |0.341

®P-values from Wilcoxon two sample tests
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Table 22 PAS (Asp/no Asp) of Thin liquid 30z with DHI, DDEnd FVC

No Aspiration| Aspiration
Variable (N=7) (N=7) p-valué

DHI

Physical 6.86 £4.74 11.43+£6.29 |0.177
Functional 4.57 +4.43 16.29 +8.44 |0.030
Emotional 1.14+2.23 8.86 +5.15 0.016
Overall 1257 £6.90 |36.57 +19.00 |0.034
Self-rating of swallowing |1.57 £0.79 4.00+191 0.043
Tired rating 3.00+2.24 3.57+151 |0.405
DDK and FVC

pA/sec 3.94 +1.69 3.37+1.21 |0.574
ta/sec 3.87 +1.66 277+1.20 |0.386
ka/sec 3.57 +1.52 2.31+0.69 [0.181
PAtAKA/sec 1.35+0.50 1.18+0.41 0.659
FVC, % 86.57 +17.80 |72.71 +£11.80 |0.096

®P-values from Wilcoxon two sample tests

Table 23: Association of FVC categories with DHI

WNL Mild Moderate

Response (N=9) (N=4) (N=5) p-valué
Physical Mean (SD) 11.33(7.00 5.00(1.15 11.20(7.01) 0.257
Functional Mean (SD) 9.78 (9.82 5.50(3.79 18.40(9.32) 0.088
Emotional Mean (SD) 3.11 (491 3.50(3.00 9.20(7.56) 0.245
Overall Mean (SD) 24.2 (19.40 14.00 (5.66 38.80 (23.18) 0.250
Self-rating for Mean (SD) 2.89(1.96 1.50(0.58 4.50(1.50) 0.065
swallowing
Tired rating Mean (SD) 3.00 (1.58 4.75(2.87 2.40(1.67) 0.338

ap-value from Kruskal-Wallis test.
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Table 24: Association of FVC categories with DDK

WNL Mild Moderate| p-
Variable Response  (N=9) (N=4) (N=5) |valué
DA/sec Mean (SD) 3.80 (1.64) 3.70 (1.60) 3.20 (1.63) 0.727
tA/sec Mean (SD) 3.47 (1.66) 3.30 (1.48) 2.76 (1.73) 0.737
KA/sec Mean (SD) 3.09 (1.34) 2.70 (0.60) 2.40 (1.74) 0.486

DAtAka/sec  Mean (SD) 1.36 (0.57) 1.42(0.35) 0.91 (0.57) 0.179

ap-value from Kruskal-Wallis test.

Table 25: Association of FVC categories with Numbkeswallows

WNL Mild Moderate
Bolus Response (N=9) (N=4) (N=5) p-valué

Thin liquidloml  Mean (SD) 5.75(3.73 3.00 (1.00  7.40(8.26/ 0.284
Thin liquid 30ml Mean (SD) 8.13 (5.84 4.33(3.06  7.25(4.19] 0.551
Thin liquid 30z Mean (SD) 11.78 (5.36 12.00(5.29 10.00 (1.73  0.971

Puree 1 Mean (SD) 2.67 (1.00 3.33(0.58  4.60(3.13 0.500
Puree 2 Mean (SD) 2.89(1.27 4.00(2.00  4.00 (3.46 0.678
Solid Mean (SD) 3.44(1.59 3.33(0.58 5.20(3.19 0.528

ap-value from Kruskal-Wallis test.
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Table 26: Association of FVC categories with PAS

WNL Mild Moderatg p-
VariableResponse (N=9) (N=4) (N=5) palu€
Thin  Does not enter airway 3 (38%) 1 (33%) 1 (20%
liquid 0.286
10ml  Enters airway, above VF, ejected from airway 1 (13%) 1 (33%) 0 (0%
Enters airway, above VF, not ejected from 1 (13%) 1 (33%) 0 (0%
airway
Enters airway, contacts VF, ejected from airn 0 (0%) 0 (0%) 1 (20%
Enters airway, contacts VF, not ejected from 1 (13%) 0(0%) 0 (0%
airway
Enters airway, below VF, no effort made to ej 2 (25%) 0 (0%) 3 (60%
Thin  Does not enter airway 2 (25%) 1 (33%) 0 (0%
liquid 0.498
30ml  Enters airway, above VF, ejected from airway 1 (13%) 0 (0%) 1 (25%
Enters airway, above VF, not ejected from 1 (13%) 0(0%) 0 (0%
airway
Enters airway, contacts VF, not ejected from 0 (0%) 1 (33%) 0 (0%
airway
Enters airway, below VF, not ejected from 1(13%) 0(0%) 0 (0%
trachea despite effort
Enters airway, below VF, no effort made to ej 3 (38%) 1 (33%) 3 (75%
Thin  Does not enter airway 1(13%) 0(0%) 0 (0%
liquid 0.380
30z  Enters airway, above VF, ejected from airway 2 (25%) 0 (0%) 1 (33%
Enters airway, contacts VF, not ejected from 2 (25%; 1 (33%) 0 (0%
airway
Enters airway, below VF, not ejected from 1(13%) 0(0%) 0 (0%
trachea despite effort
Enters airway, below VF, no effort made to e] 2 (25%) 2 (67%) 2 (67%
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Table 26: Association of FVC categories with PAS

WNL Mild Moderatg p-
VariableResponse (N=9) (N=4) (N=5) palu€
Puree 1 Does not enter airway 4 (50%) 1 (33%) 3 (60%
0.506
Enters airway, above VF, ejected from airway 0 (0%) 0 (0%) 1 (20%
Enters airway, above VF, not ejected from 4 (50% 0 (0%) 0 (0%
airway
Enters airway, contacts VF, not ejected from 0 (0%) 2 (67%) 0 (0%
airway
Enters airway, below VF, no effort made to ej 0 (0%) 0 (0%) 1 (20%
Puree 2 Does not enter airway 5(63%) 0 (0%) 2 (40%
0.059
Enters airway, above VF, not ejected from 3 (38%) 1 (33%) 1 (20%
airway
Enters airway, contacts VF, not ejected from 0 (0%) 0 (0%) 1 (20%
airway
Enters airway, below VF, no effort made to ej 0 (0%) 2 (67%) 1 (20%
Solid  Does not enter airway 5(63%), 0(0%) 2 (40%
0.052
Enters airway, above VF, ejected from airway 1 (13%) 0(0%) 1 (20%
Enters airway, above VF, not ejected from 2 (25%) 0 (0%) 0 (0%
airway
Enters airway, contacts VF, not ejected from 0 (0%) 3 1(20%
airway (100%)
Enters airway, below VF, no effort made to ej 0 (0%) 0 (0%) 1 (20%

ap-value from Kruskal-Wallis test.
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Table 27: Association of FVC categories with Phggal Residue

WNL Mild Moderate

Variable Response  (N=9) (N=4) (N=5) p-valué

Thin liquid10ml  Coating 3 (38%), 1 (33%) 1 (20% 0.811
Mild 5 (63%); 2 (67%); 4 (80%

Thin liquid 30ml  Coating 3 (38%, 2 (67%, 1 (25% 0.549
Mild 5 (63%) 1 (33%), 3 (75%

Thin liquid 300z  Coating 6 (67%, 2 (7%) 0 (0% 0.135
Mild 3 (33%); 1 (33%); 3 (100%

Puree 1 Coating 1(11%) 1 (33%) 1 (20% 0.540
Mild 7 (78%); 2 (67%); 4 (80%
Moderate 1(11%) 0 (0%) 0 (0%

Puree 2 Coating 1(11%); 1 (33%); 1 (20% 0.641
Mild 7 (78%) 2 (67%) 3 (60%
Moderate 1(11%); 0 (0%) 1 (20%

Solid None 1(11%); 0 (0%) 0 (0% 0.735
Coating 2 (22%); 1 (33%), 1 (20%
Mild 5 (56%); 2 (67%); 3 (60%
Moderate 1(11%) 0 (0%) 1 (20%

2p-value from Kruskal-Wallis test.
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Table 28: Association of type of onset with DHI

bulbar axial Mixed p-valué
Variable Response (N=6) (N=9) (N=3)
Physical Mean (SD) 16.33 (6.38 6.22 (3.67  8.00 (3.46 0.030
Functional Mean (SD) 18.67 (9.85 7.33 (7.75 8.00 (7.21 0.095
Emotional Mean (SD) 8.00 (7.38 2.67 (3.32 5.33(7.57 0.298
Overall Mean (SD) 43.00 (20.50 16.22 (12.55 21.33 (18.15 0.054
Self-rating  Mean (SD) 492 (1.11 2.00(1.22 2.33(2.31 0.011
swallowing
Tired Rating Mean (SD) 2.50 (1.52 3.67(2.35 3.33(2.08 0.597
#P-values from Kruskal-Wallis test.
Table 29: Association of type of onset with PAS
bulbar axial Mixed | p-valué

Bolus Response (N=6) (N=9) (N=3)
Thin  Does no enter airway 1 (20%) 1 (13%) 3 (100% 0.032
liquid  Above VF, ejected 0 (0%) 2 (25%) 0 (0%
10 mL Apove VF, not ejected 0(0%) 2 (25%) 0 (0%

Contacts VF, ejected 0 (0%) 1 (13%); 0 (0%

Contacts VF, not ejected 0 (0%) 1 (13%) 0 (0%

Below VF, no effort 4 (80%) 1 (13%) 0 (0%
Thin  Does no enter airway 1 (25%) 1 (13%) 1(33% 0.885
liquid Above VF, ejected 0 (0%) 2 (25%) 0 (0%
30ML aApove VF, not ejected 0 (0%) 1 (13%) 0 (0%

Contacts VF, not ejected 0 (0%) 1 (13%) 0 (0%

Below VF, not ejected with effo 1 (25%) 0 (0%) 0 (0%

Below VF, no effort 2 (50%) 3 (38%) 2 (67%
Thin  Does no enter airway 0 (0%) 1 (13%) 0 (0% 0.408
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Table 29: Association of type of onset with PAS

bulbar axial Mixed | p-valué
Bolus Response (N=6) (N=9) (N=3)
liquid Above VF, ejected 0 (0%) 3 (38%) 0 (0%
30Z  Contacts VF, not ejected 1 (33%) 1 (13%) 1(33%
Below VF, not ejected with effo 1 (33%) 0 (0%) 0 (0%
Below VF, no effort 1 (33%) 3 (38%, 2 (67%
Puree Does no enter airway 4 (80%) 2 (25%, 2 (67% 0.468
SmL  Apove VF, ejected 0 (0%) 1 (13%) 0 (0%
#1  Above VF, not ejected 0(0%) 4 (50%) 0 (0%
Contacts VF, not ejected 0 (0%) 1 (13%) 1(33%
Below VF, no effort 1 (20%) 0 (0%) 0 (0%
Puree Does no enter airway 3 (60%) 3 (38%, 1 (33% 0.602
SmL  Above VF, not ejected 1 (20%) 4 (50%) 0 (0%
#2 Contacts VF, not ejected 0 (0%) 0 (0%) 1 (33%
Below VF, no effort 1 (20%) 1 (13%); 1 (33%
Solid Does no enter airway 3 (60%) 2 (25%, 2 (67% 0.808
Above VF, ejected 0 (0%) 2 (25%), 0 (0%
Above VF, not ejected 0 (0%) 2 (25%), 0 (0%
Contacts VF, not ejected 1 (20%) 2 (25%), 1 (33%
Below VF, no effort 1 (20%) 0 (0%) 0 (0%

#P-values from Kruskal-Wallis test.
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Table 30: Association of type of onset with PhasaigResidue

bulbar axial mixed p-valué

Bolus Response (N=6) (N=9) (N=3)

Thin liquid 10 mL Coating 0 (0%) 3(38%) 2(67% 0.141
Mild 5 (100%; 5(63%) 1(33%

Thin liquid 30 mL Coating 0 (0%) 3 (38%) 3 (100% 0.034
Mild 4 (100% 5 (63%) 0 (0%

Thin liquid 30z  Coating 1 (25%) 5(63%) 2(67% 0.436
Mild 3 (75%) 3(38%) 1(33%

Puree 5mL #1 Coating 1(7%) 1(13%) 1(33% 0.639
Mild 4 (67%) 7(88%) 2(67%
Moderate 1(7%) 0 (0%) 0 (0%

Puree 5mL #2 Coating 0 (0%) 2(25%) 1(33% 0.100
Mild 4 (67%) 6 (75%) 2 (67%
Moderate 2 (33%) 0 (0%) 0 (0%

Solid None 0 (0%) 1 (13%) 0 (0% 0.661
Coating 1(17%) 2(25%) 1(33%
Mild 4 (67%) 4 (50%) 2(67%
Moderate 1(7%) 1 (13%), 0 (0%

4P-values from Kruskal-Wallis test.
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Table 31: Association of type of onset with DDK &fdC

bulbar axial mixed p-valué
Variable Response (N=6) (N=9) (N=3)
pA/sec Mean (SD) 2.80 (1.34 438 (1.50 2.93(1.33 0.125
ta/sec Mean (SD) 2.44 (1.22 4.07 (.61 2.33(0.90 0.086
ka/sec Mean (SD) 2.07 (1.13 3.44 (1.35 2.40(0.60 0.085
pataka/sec Mean (SD) 0.97 (0.62 1.43(0.50 1.27 (0.46 0.195
FVvC Mean (SD) 69.83 (16.92 81.11 (16.20 74.33 (19.3C 0.399

#P-values from Kruskal-Wallis test.

Table 32: Associations for Duration of symptoms
(all participants) with PAS
Spearman’s Correlatig
Bolus N Coefficient p-value
Thin liquid 10ml| 16 0.000 1.000
Thin liquid 30ml| 15 -0.011 0.968
Thin liquid 30z |14 0.284 0.325
Puree #1 16 0.374 0.153
Puree #2 16 0.517 0.040
Solid 16 0.246 0.357
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Table 33: Associations for Duration of symptoms galticipants

with number of swallows

Spearman’s Correlation

Bolus N Coefficient p-value
Thin liquid 10ml 16 -0.112 0.679
Thin liquid 30ml 15 -0.115f 0.683
Thin liquid 30z 15 0.654  0.008
Puree #1 17 0.560  0.019
Puree #2 17 0.482 0.050
Solid 17 0.066/ 0.802

Table 34 Associations for Duration of symptoms galiticipants
with DDK and FVC
N=18
Spearman’s Correlation
DDK Coefficient p-value
pA/sec -0.184 0.464
ta/sec -0.109 0.668
kn/sec -0.137 0.587
pAtAkA/sec -0.110 0.664
FVC -0.382 0.117
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Table 35: Associations for Duration of symptoms
(all participants) with DHI
N=18
Spearman’s Correlatid
DHI Coefficient p-value
Physical 0.184) 0.466
Functional 0.387] 0.113
Emotional 0.249, 0.319
Overall 0.296/ 0.233
Self-rating swallowing 0.227| 0.365

Table 36: Associations for Duration of symptoms galticipants
with Pharyngeal Residue

Spearman’s Correlation

Bolus N Coefficient p-value
Thin liquid 10ml 16 0.190 0.481
Thin liquid 30ml 15 0.189,  0.500
Thin liquid 30z 15 0.186)  0.508
Puree #1 17 -0.377,  0.136
Puree #2 17 -0.067 0.798
Solid 17 -0.042] 0.874
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Table 37: Associations for Duration of symptomssgrwithin 4 yrs

with number of swallows

Spearman’s Correlation
Coefficient
Bolus N p-value
Thin liquid 10ml 15 0.049 0.862
Thin liquid 30ml 14 0.091 0.757
Thin liquid 3oz 14 0.577 0.031
Puree #1 16 0.515 0.041
Puree #2 16 0.383 0.144
Solid 16 0.060 0.827

Table 38: Associations for Duration of symptomssgrwithin 4 yrs

with DDK and FVC

N=17
Spearman’s Correlation
DDK Coefficient p-value
pA/sec -0.058 0.826
ta/sec 0.012 0.963
ka/sec -0.079 0.763
pAtAkA/sec -0.090 0.731
FVC -0.369 0.145
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Table 39: Associations for Duration of symptoms

(onset within 4 yrs) with DHI

N=17
Spearman’s Correlatid
DHI Coefficient p-value
Physical 0.245 0.344
Functional 0.477, 0.053
Emotional 0.283 0.271
Overall 0.381 0.131
Self-rating swallowing 0.382 0.130

Table 40: Associations for Duration of symptomssgrwithin 4 yrs

with Pharyngeal Residue

Spearman’s Correlation
Bolus N Coefficient p-value
Thin liquid 10ml 15 0.419 0.120
Thin liquid 30ml 14 0.388 0.170
Thin liquid 30z 14 0.337 0.239
Puree #1 16 -0.231 0.389
Puree #2 16 0.136 0.617
Solid 16 0.093 0.731
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Table 41: Associations for Duration of symptoms
(onset within 4 yrs) with PAS
Spearman’s Correlatic

Bolus N Coefficient p-value
Thin liquid 10ml| 15 0.156 0.578
Thin liquid 30ml| 14 0.188 0.519
Thin liquid 30z |13 0.183 0.550
Puree #1 15 0.251] 0.368
Puree #2 15 0.421 0.118
Solid 15 0.136 0.628

Table 42: Associations for Total ALS FRSR with nuianbf swallows

Spearman’s Correlation
Bolus N Coefficient p-value
Thin liquid 10ml 16 0.569 0.021
Thin liquid 30ml 15 0.330 0.230
Thin liquid 3oz 15 0.308 0.263
Puree #1 17 0.067 0.798
Puree #2 17 0.396 0.115
Solid 17 0.574 0.016
Table 43: Associations for Total ALS FRSR with D2Kd FVC
N=18
Spearman’s Correlation
DDK Coefficient p-value
PAalsec 0.087 0.731
ta/sec 0.138 0.586
ka/sec -0.022 0.931
pAtAkA/sec -0.096 0.704
FVC -0.099 0.696
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Table 44: Associations for Total ALS FRSR with DHI
N=18
Spearman’s Correlatig
DHI Coefficient p-value
Physical 0.366/ 0.135
Functional 0.371 0.129
Emotional -0.031 0.903
Overall 0.314| 0.204
Self-rating swallowing 0.301 0.225

Table 45: Associations for Total ALS FRSR with PAS
Spearman’s Correlatig

Bolus N Coefficient p-value
Thin liquid 10ml|{ 16 0.427) 0.099
Thin liquid 30ml| 15 -0.184| 0.512
Thin liquid 30z |14 -0.119] 0.685
Puree #1 16 0.009 0.974
Puree #2 16 -0.430, 0.097
Solid 16 0.126/ 0.642
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Table 46: Associations for Total ALS FRSR with Bimgeal Residu

Spearman’s Correlation

Bolus N Coefficient p-value
Thin liquid 10ml 16 0.337 0.202
Thin liquid 30ml 15 0.331 0.228
Thin liquid 3oz 15 0.232 0.405
Puree #1 17 0.479 0.052
Puree #2 17 0.031 0.907
Solid 17 -0.143 0.584

[4%
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Table 47: Association of BMI with Pharyngeal Residu

Overweight/
Normal Obese p-valué
Variable Response (N=9) (N=9)
Thin liquid10ml  Coating 3 (38%) 2 (25% 0.654
Mild 5 (63%) 6 (75%
Thin liquid 30ml  Coating 5 (71%) 1(13% 0.047
Mild 2 (29%) 7 (88%
Thin liquid 300z  Coating 5 (63%) 3 (43% 0.514
Mild 3 (38%) 4 (57%
Puree 1 Coating 2 (22%) 1(13% 0.411
Mild 7 (78%) 6 (75%
Moderate 0 (0%) 1(13%
Puree 2 Coating 2 (22%), 1(13% 0.723
Mild 6 (67%) 6 (75%
Moderate 1(11%), 1(13%
Solid None 1(11%), 0 (0% 0.708
Coating 2 (22%) 2 (25%
Mild 5 (56%) 5 (63%
Moderate 1(11%) 1(13%

®P-value from Wilcoxon two sample test.
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Table 48: BMI and DDK and FVC

Overweight/

Normal Obese p-valué
Variable Response (N=9) (N=9)
pA/sec Mean (SD) 3.58 (1.71 3.64 (1.49 0.827
TA/sec Mean (SD) 3.13 (2.77 3.34 (1.45 0.827
kAa/sec Mean (SD) 2.84 (1.42 2.78 (1.27 0.930
PAtAkA/sec Mean (SD) 1.32 (0.61 1.18 (0.51 0.487
FVC, % Mean (SD) 76.22 (12.88  76.22 (20.67 0.965

®P-value from Wilcoxon two sample test.
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Table 49: Association of BMI with DHI

Overweight/
Normal Obese p-valué
Variable Response (N=9) (N=9)
Physical Mean (SD) 11.56 (7.40 8.22 (5.33 0.382
Functional Mean (SD) 15.56 (9.15 6.89 (8.37 0.073
Emotional Mean (SD) 7.11 (6.25 2.67 (4.69 0.109
Overall Mean (SD) 34.22 (20.48 17.78 (16.23 0.102
Self-rating for Mean (SD) 3.67 (1.87 2.39 (1.80 0.207
swallowing
Tired rating Mean (SD) 4.11 (1.62 2.33 (2.06 0.056
®P-value from Wilcoxon two sample test.
Table 50: Association of BMI with PAS
Overweight
Normal Obese |[p-
Variable Response (N=9) (N=9) palué
Thin liquid  Does not enter airway 3 2(25%) 0.632
10ml (38%)
Enters airway, above VF, ejected from airway 1 1(13%
(13%)
Enters airway, above VF, not ejected from 1 1(13%
airway (13%)
Enters airway, contacts VF, ejected from airw 0 (0%) 1 (13%
Enters airway, contacts VF, not ejected from 1 0 (0%
airway (13%)
Enters airway, below VF, no effort made to ej 2 3(38%
(25%)
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Table 50: Association of BMI with PAS

Overweight
Normal Obese -
Variable Response (N=9) (N=9) |alué
Thinliquid  Does not enter airway 1 2(25%] 0.763
30ml (14%)
Enters airway, above VF, ejected from airway 0 (0%) 2 (25%
Enters airway, above VF, not ejected from 1 0 (0%
airway (14%)
Enters airway, contacts VF, not ejected from 1 0 (0%
airway (14%)
Enters airway, below VF, not ejected from 1 0 (0%
trachea despite effort (14%)
Enters airway, below VF, no effort made to ej 3 4(50%
(43%)
Thin liquid  Does not enter airway 0(0%)  1(14%] 0.202
30z
Enters airway, above VF, ejected from airway 1 2(29%
(14%)
Enters airway, contacts VF, not ejected from 1 2(29%
airway (14%)
Enters airway, below VF, not ejected from 1 0 (0%
trachea despite effort (14%)
Enters airway, below VF, no effort made to ej 4 2(29%
(57%)
Puree 1 Does not enter airway 4 4(50%) 0.738
(50%)
Enters airway, above VF, ejected from airway 0 (0%) 1 (13%
Enters airway, above VF, not ejected from 2 2(25%
airway (25%)
Enters airway, contacts VF, not ejected from 1 1(13%
airway (13%)
Enters airway, below VF, no effort made to ej 1 0 (0%

(13%)
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Table 50: Association of BMI with PAS

Overweight
Normal Obese -
Variable Response (N=9) (N=9) |alué
Puree 2 Does not enter airway 3 4 (50%) 0.478
(38%)
Enters airway, above VF, not ejected from 2 3(38%
airway (25%)
Enters airway, contacts VF, not ejected from 1 0 (0%
airway (13%)
Enters airway, below VF, no effort made to ej 2 1(13%
(25%)
Solid Does not enter airway 3 4(50%] 0.551
(38%)
Enters airway, above VF, ejected from airway 1 1(13%
(13%)
Enters airway, above VF, not ejected from 1 1(13%
airway (13%)
Enters airway, contacts VF, not ejected from 2 2(25%
airway (25%)
Enters airway, below VF, no effort made to ej 1 0 (0%
(13%)

®P-value from Wilcoxon two sample test.
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Table 51: Association of BMI with Number of swallew

Overweight/
Variable Response I\(llglrzrg?l %I)\IIC):eQS)e pvalué
Thin liquidl0ml  Mean (SD) 7.13(7.14 4.38 (1.77 0.874
Thin liquid 30ml  Mean (SD) 6.86 (6.96 7.38 (2.67 0.220
Thin liquid 3oz Mean (SD) 12.25 (5.92 10.57 (2.70 0.953
Puree 1 Mean (SD) 3.44 (1.94 3.25 (2.05 0.557
Puree 2 Mean (SD) 3.78 (2.86 3.00 (0.93 >0.99
Solid Mean (SD) 3.78 (2.39 4.13 (1.96 0.773

®P-value from Wilcoxon two sample test.
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CHAPTER 5
DISCUSSION

The primary objective of this study was to detemnih there was a correlation
between speech, respiratory and swallowing funstionindividuals with ALS with bulbar
involvement. This study examined three researclstgques. In the investigation of the first
research question, do individuals diagnosed withSAkith bulbar involvement perform
significantly different on clinical measures (DDK\VC, DHI, and tired level) and on
objective swallowing measures (PAS, pharyngeattesand number of swallows per bolus)
when compared to a control group? Between-groffigrences were evaluated for ALS and
control groups, performance on measures of spsgailowing and respiratory function were
compared between individuals with ALS with bulbampairment and a control group of
similar age. In this study, significant differences were foundthe performance between the
ALS group and the control group on all clinical reeges for speech production, respiratory
function and patient reported outcomes for swallgvunction. ALS group performance
was consistent with decline in muscle strengthdegeneration of motor neurons resulting in
impairments of FVC and a 40% reduction in rate @KDproduction (p = 0.001) for all
targets, compared to the control group. Reduceée of DDK production is strongly
suggestive of articulatory impairment, specificallgduced rate of lingual movement.
Diadochokinetic tasks are frequently utilized fdemtification of early speech changes in
neurogenic diseases (Enderby, 1983; Gadesmann l&rM2I008; Kent et al., 1987; Nishio &
Niimi, 2006). The results from the control grouge aonsistent with previous normative
DDK literature(Nishio & Niimi, 2006; Portnoy & Aronson, 1982; Rk, Sander, Maloney,

& Jackson, 1966; Wang et al., 2004As expected, the ALS group showed significant
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impairments in FVC and speech productions, comptrele control group. This finding is
consistent with previous research by Lechtzin e{(2002). They found that forced vital
capacity is likely to decline by 3.5% per monthaagsult of ALS.

In the investigation of the second research questce there significant correlations
between clinical measures and objective swallowimmgasures which would support the
theory that swallowing function could be predictedindividuals with ALS? This study
examined the correlations between clinical measares objective swallowing measures.
One of the focuses of this study was to investigialee hypothesis that swallowing function
can be predicted in individuals with ALS by clinicaeasures, such as DDK, FVC, DHI and
tired level would be supported. In motor speecteaech, DDK is a common method to
assess articulatory precision and agility (Nishité\&mi, 2006; Portnoy & Aronson, 1982). It
iIs commonly accepted that alterations in speechldymtion in ALS are associated with
decreased range, rate and strength of the tonglierahpharyngeal musculature (Mulligan et
al., 1994) and that decreased lingual coordinatind impaired base of tongue movement
increases the risk of pharyngeal residue and dspirgKawai et al., 2003). This study
investigated the ability of DDK tasks to assesgguml movements that may predict
swallowing impairments in ALS subjectd.he results of this study supported the hypothesis
that testing /k/ is important because of the finding of a negatweelation between reduced
/kal productions per second and severity of dysphatndividuals with ALS who aspirated
10mL liquid boluses produced, on average, halfmiln@ber of /k/ repetitions per second as
the ALS non-aspiration subjects. This may indidht highly timed movements are more
important in the management of small bolus volumé&ke idea of the importance of highly

coordinated movements for safe swallowing of smalumes is further supported by the
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significant negative correlation betweemtipkA/ productions per second and pharyngeal
residue and aspiration ratings in the ALS grougeRé /ka/ productions per second was also
negatively correlated with severity of residue wille second puree and solid bolus trials
within the ALS group. Base of tongue movementsféomation of velar sounds such aa/k
during speech production as well as bolus propualgicough the pharynx during swallowing,
require similar posterior lingual movements. Thegative correlation between pharyngeal
residue with rate of i/ productions supports the hypothesis that impaatnreproduction of
velar sounds can indicate impairments in base omfue movements affecting swallowing
function. Anterior lingual movements are important in boluampulation and initiation of
transport to the posterior oral cavity; howeverstpaor lingual movement, responsible for
production of/ka/, is important for bolus holding and propulsionaingh the pharynx.
Impairment in base of tongue movement is more yikkelresult in aspiration and pharyngeal
residue (Kawai et al., 2003; Takahiro Ono, 2007).

ALS subjects with more impaired respiratory funotemonstrated increased risk of
aspiration with large, 3 ounce, liquid trialscreased PAS scores for a larger bolus may be a
result of dis-coordination of the swallow apneaiqgukr The onset of swallow apnea occurs
earlier in the oral phase with larger boluses (Hisal., 2004). This earlier onset of swallow
apnea may place increased stress on the respiststym due to lack of respiratory reserve
resulting in early opening of the larynx after smaing or alteration of the exhale-swallow-
exhale typical motor pattern (Gross et al., 2003he FVC assessment is part of the gold
standard assessment for determining progressi&L8f It is often necessary to anticipate
feeding tube placement for supplemental and evéwnttaial nutrition, as FVC approaches

50% predicted function (Miller, 1999). For thisasen, ALS patients with an FVC below
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50% were excluded from this study. This studyvatubthat the ALS grougdeclined in both
speech rate production and respiratory functionctvhé consistent with previous research.
This study also showed that the significant cotr@fabetween DDK with risk of aspiration
and pharyngeal residue is supportive of the hymmht predict swallowing impairments
through DDK and FVC assessment in individuals WiLts.

Compared to the control group, the ALS group exbdimpairments in swallowing
function characterized by greater pharyngeal residith food versus liquids and increased
aspiration risk with all bolus trials, except th@miL liquid trial. The thin liquid 20mL bolus
trial is representative of a small sip. An averageid bolus size taken by an adult over the
age of 55 is 11 to 17mL for a female and 20 to 23orLa male (Ertekin, 2000; Hughes &
Wiles, 1996). Multiple investigations have docuneehthe decline in bolus size as a function
of decline in swallowing ability (Ertekin, 2000; iai et al., 2003) This may explain why
there was not a significant difference in PAS floe tLOmL liquid trial. PAS scores were
greater for larger thin liquid bolus trials, 30mhda3 ounces, and for puree and solid boluses
in the ALS group as a result of this group’s indpito manage larger volumes of liquid and
food. In this study, a higher rate of aspiratioecwred during the second puree bolus
compared to the first puree bolus, 19% and 6% cesedy, in the ALS group. Additionally,
the ALS group demonstrated significant correlationspharyngeal residue only for the
second puree bolus compared to DDK and the DHilis adlso possible that fatigue played a
role in the significant finding of increased phaggal residue and aspiration with larger liquid
boluses and during the second puree bolus in casgmato the first puree bolus. ALS
subjects swallowed between 15 and 50 times duhegfdur boluses preceding the second

puree bolus. In comparison, subjects in the cognaup swallowed on average between 10-
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25 times during the initial four boluses. The ndedfrequent and repetitive swallows to
manage boluses could be fatiguing which would erpllae correlation with the final two
bolus trials in this study. In addition, texturadaorder of presentation may have also
contributed to increased residue on these twostridll liquid trials were completed at the
beginning of the study so subjects were providetl tiree food boluses sequentially.

The severity of swallowing impairment demonstratgdncreased ratings on the PAS
and pharyngeal residue tool likely affected thengst on the DHI for the ALS group. ALS
subjects reported higher scores for all categarfi¢se DHI and severity of dysphagia
potentially indicating awareness of decline in dawaing function compared to the control
group. The concept of awareness of swallowinficdity in the ALS group was supported
by a significant difference on all sections of iwdl (Physical, Functional, Emotional,

Overall and Self-reported Severity of Dysphagi@hese significant differences in DHI
scores indicate that the participants in the AL&ugrare aware of their swallowing
impairments and that these impairments affect tpeadity life. For example, reported
physical impairments included symptoms such asltoggvhen eating or drinking.
Emotional stressors included concerns of anxietgyession and fear of eating in public.
Functional modifications of oral intake were alsparted, including small bites and sips,
modification of diet, and smaller meal portions.

The significant group differences between ALS, ampared to the control group,
vividly describe the challenges associated withgpessive dysphagia. Physical deterioration
in swallowing function is associated with decliniogal pharyngeal muscle strength and
fatigue which consequently results in increasddfos laryngeal penetration and aspiration as

well as increased pharyngeal residue. These @lyswpairments are likely to cause
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necessary functional modifications to oral intakehe form of eliminating challenging foods,
smaller bolus size and smaller portions. Meal §mmay be prolonged as a result of fatigue
and reduced respiratory support affecting rate raf mtake due to the need for additional
time to recover from obligatory periods of swallogiapnea. The emotional stress and
anxiety due to concerns of swallowing difficultyutd alter the perception of eating from an
enjoyable, social experience to an activity congaleh isolation.

Awareness of decline in swallowing function and iempentation of compensatory
strategies may contribute to significant differengethe number of swallows per bolus for
larger, 30mL and 3 ounce, thin liquid volumes ia &LS group as compared to the control
group. lItis possible that the ALS subjects intamdlly partitioned larger bolus amounts into
several swallows of smaller volumes to compensgatérfgual weakness and decreased bolus
control in an attempt to avoid an aspiration eveéltie theory of the ALS subjects utilizing
multiple swallows as a compensatory strategy ith&rsupported by the absence of
significant differences of pharyngeal residue atfterfinal swallow of liquid boluses. Even
though the ALS group demonstrated significantly@ased pharyngeal residue with food
boluses, there was not a significant differencenéanumber of swallows compared to the
control group. These findings may suggest thahtatt motor response to sensory feedback
could initially lead to a greater number of swaltote reduce bolus retention. However, as
muscle fatigue progresses during a meal, motooresgs may be too impaired to generate a
swallow despite appropriate sensation, or there Imeageduced sensory function which results
in fewer swallows. Alternately, it is entirely ilsle that there may be an increased demand
in motor movement and sensory-motor coordinatioorder to prevent aspiration events with

thin liquids, more so than to reduce pharyngeatiteswith solid foods. This hypothesis
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requires further study. Piecemeal deglutitionasimon in the swallowing impaired
population (Ertekin, 2000; Hiss et al., 2004; Kawgal., 2003). Within the ALS group, high
correlations between DHI scores with higher PASgat for large thin liquid volumes and
greater pharyngeal residue scores with puree ditismuses support the hypothesis that the
DHI may be beneficial in predicting swallowing deel in individuals with ALS.
Surprisingly, number of swallows was not signifitgcorrelated with DDK production,
pharyngeal residue or FVC performance. It was ebegkihat the /k/ production of DDK
would be associated with number of swallows. Détires for emotion were highly
correlated with DDK /k/ production indicating that the swallowing probleassociated with
base of tongue impairments result in feeling ofeandepression, stress and lack of
enjoyment of eating. FVC performance was corrdlatgh the DHI functional scale ratings
likely indicating that ALS subjects with respiraggampairments implement compensatory
strategies to alter foods or methods of intakerdepoto accommodate for longer periods of
apnea.

When examining PAS ratings for the ALS group, gdapercentage demonstrated
silent aspiration across bolus consistencies sgtudy. In the ALS group, 30% of all bolus
trials were aspirated. Of the total number of @dmn events, only 8% were followed by an
attempt to protect the airway (cough or throatgle&ilent aspiration occurred in 31%, 47%
and 43% of thin liquid boluses of 10mL, 30mL anduhces respectively. The frequency of
silent aspiration was greatest with liquids, bgbabccurred in puree #2 trials. This finding is
concerning because by definition, ALS is strictlpnator disease without sensory
deterioration. If laryngeal and tracheal sensatiare not impaired as a result of ALS, an

alternative possibility is that the laryngeal aratheal sensory receptors no longer perceive
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the bolus material as foreign due to a historyrofgnged duration of aspiration events. In
previous ALS research, silent aspiration rategareerally between 0% (Chen et al., 1992;
Leder, Novella, & Patwa, 2004; Ruoppolo et al.,20d4nd 15% (Briani et al., 1998). In the
study by Leder, Novella and Patwa (2004), aspinatvas documented in 17% of subjects. In
a study by Ruoppolo et al. (2013), no aspiratiocuo®d during the assessment of
swallowing function, despite a diagnosis of impdiceugh reflex during laryngeal sensitivity
testing in 20% of the ALS subjects tested. Itasemvorthy that the current study used larger
bolus volumes (30mL and 3 ounces) whereas prevesearch evaluated swallowing
function with 3-20mL bolus trials of thin liquideotar thick liquid and puree consistencies
(Briani et al., 1998; Leder et al., 2004; Ruoppeti@l., 2013). It is possible that aspiration,
especially silent aspiration, has been under disghin ALS as a result of assessments with
limited bolus size.

Laryngeal penetration with vocal fold contact opiestion occurred within a few
subjects in the control group. In the control grolaryngeal penetration contacting the vocal
folds, without aspiration occurred during the smalhin liquid bolus trials of 10mL and
30mL. During the 3 ounce thin liquid trial, 20%tbe control group aspirated followed by an
immediate attempt to clear the material from tlaehea with a cough. Control subjects who
aspirated were 59, 65 and 84 years of age and éema&he findings of this study were
consistent with previous research from Daggett 720énd Butler et al. (2009). Natural
changes in swallowing function of the healthy agipgpulation resulted in occasional
episodes of laryngeal penetration and aspiratiartl¢B 2009; Daggett, 2007; Todd, 2013).

Decline in swallowing function in healthy adultsshaéeen attributed to prolonged oral



108
pharyngeal phase duration and a delay in bolussitraand delayed airway protection
(Daggett, 2007)

The third research question examined the correlatbetween patient history and the
development of the disease, individual and diseasgse information including symptom
onset, duration of symptoms, BMI and ALS-FRSR ssordll of these analyses showed
significant correlations with clinical assessmeantsl objective swallowing ratings. Subjects
with bulbar onset were found to have the greatagiairment in swallowing function with
80% of participants with bulbar onset silently aapng the 10mL liquid bolus and
demonstrated pharyngeal residue of thin liquid 30baluses. Swallowing function was
distributed across the 8 levels of the PAS ratorgaikial and mixed type of onset. This data
supports the findings that individuals with bullmarset ALS have a more significant decline
in swallowing function than non-bulbar onset indivals (Ruoppolo et al., 2013).

The duration of ALS symptoms was significantly piogly correlated to the number
of swallows for the liquid 3 ounce and first puteaus trial as well as aspiration risk (PAS)
for the second puree bolus. These correlationsikaly due to changes in timing of muscle
movements to contain and propel bolus materiall\gaied efficiently through the pharynx.
Onset type was also significantly correlated to Datings for the physical category and the
Self-Reported Severity of Dysphagia. Bulbar onsES individuals appear to experience
more symptoms of dysphagia including coughing, aigpkand weight loss than non-bulbar
patients with ALS. The finding of swallowing dewd as a result of bulbar onset and
prolonged duration of symptoms is consistent wigttedoration of the corticobulbar tract.

Subsequently, the decline in the corticobulbarttcaetainly affects the functions of cranial
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nerves essential for appropriate swallowing movdmesuch as the trigeminal, facial,
glossopharyngeal, vagus and hypoglossal nerves.

Findings associated with BMI and ALS-FRSR was ledit Body mass index was not
significantly associated with any other measurbadus trial with the exception of pharyngeal
residue with a thin liquid 30mL bolus. It was exggetthat low BMI would be positively
correlated with decline in swallowing function dwe the known association between
decreased BMI and reduced caloric intake (ClaveBlanquet, Peyrol, Ouchchane, &
Gerbaud, 2013). However, ALS-FR&Rores were significantly positively correlated hwit
the number of swallows required for thin liquid I0@nd solid boluses only. This positive
correlation suggests that ALS subjects with moreese swallowing impairments will
swallow fewer times per bolus. This finding masoasupport the theory that muscle fatigue
will override sensory feedback which dictates thegfiency of swallows per bolus. This
study integrated the number of swallows per boleasuare to assess effort required for bolus
propulsion. This measure also appears to be aceitod of fatigue.

In this study, the ALS-FRSR scores were not sigaiftly correlated with PAS or
pharyngeal residue scales. This finding directintadicts previous research by Ruoppolo
(2013), which found that the risk for dysphagiar@ased by 9% for every point variation
from normal function on the ALS-FRS scale. Incotgisies in findings between the two
studies may be a result of a different versionhef ALS-FRS used. In the current study the
ALS-FRSR was used compared to the ALS-FRS in thepRolo (2013) study. In the
current study, most subjects with ALS were ratetiaasng either normal or mildly impaired
function on most sections of the ALS-FRSR which rhaye accounted for the differences in

findings. In the study by Ruoppolo (2013), indivads with ALS were examined in an
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attempt to establish clinical indicators of dysphatihpough evaluation of demographic data
including duration of disease, type of onset (bulivaaxial), ALS-FRS score and completion
of a clinical swallowing assessment and FEES exation. The current study supplements
the findings of Ruoppolo (2013) by adding findingt significant correlations between
dysphagia with diadochokinesis, number of swall@msl the Dysphagia Handicap Index.
Overall, in this study, foundational data have bestablished for future investigation to
determine if swallowing function in ALS patientsutd be predicted though common clinical
assessments.
Limitations of the Current Study

In this study, enrollment included 18 subjects vAtltS and 15 controls similar in age.
While the enrollment criteria ensured that paratipg members would most likely only
present with impairments secondary to the ALS disgaocess, it also resulted in challenges
with subject recruitment. A large number of thégmbial ALS subjects (108) were excluded
due to the stringent exclusionary criteria. The lsrsample size prohibited assessment of
potential interactions between PAS and pharyngesidue ratings with combinations of
DDK, FVC, number of swallows per bolus and DHI &or In addition, the small sample
size reduced the power to detect some clinicallammegful findings. Correlations between
0.4 and 0.5 may provide useful information. Howewath a sample size of 18 the power to
detect associations at this level is very low, leetv10 to 53%, assuming alpha of 0.05 and
two sided testing.

Furthermore, subject recruitment was limited to Heary J. Hoenselaar ALS clinic
schedule. Subject enrollment and study complettras convenient for ALS subjects since

patients were already in clinic for an appointmentwever, several patients declined
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participation due to fatigue from a long clinic apgment. Testing time and duration for
ALS subjects were not controlled. Thus, the stadgurred anywhere from 30 minutes to 4
hours into the appointment. The duration of theiclappointment may have also contributed
to the increased tiredness rating or other findinghin the study in the ALS group in
comparison to the control group.

There were several measures that were approachtrdjdbnot achieve significance in
this study, for example differences in pharyngesidue ratings with liquid boluses between
the ALS group and the control group. Additionaidsés with larger sample sizes may further
verify results of this study.

Summary:

Early identification of dysphagia in individuals twiALS can facilitate appropriate
planning and discussions regarding proper nut@digoals and a long term nutritional plan
while reducing the risk of complications from asgpion pneumonia. This study revealed
statistical significance between objective swallogvimeasures of the PAS and pharyngeal
residue rating with clinical assessments of the MK, FVC and number of swallows per
bolus, along with common disease assessment infammaALS-FRSR, type of onset,
duration of disease and BMI. The battery of chhimeasures included in this study provides
a foundational step toward the development of diptige dysphagia assessment that could
be conducted to determine the risk of dysphaganimdividual with ALS.

Additional findings indicate that individuals witlALS demonstrated significant
impairment of all clinical assessment and objecBwallowing measures in comparison to
healthy controls. Unexpected but clinically reletvéindings included a high rate of silent

aspiration in the ALS group with all consistencie$his important finding suggests that
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dysphagia and aspiration may have been overlogkétkiclinical setting. Additionally there
were findings of aspiration with cough in the cohtgroup during the 3 ounce liquid trial
which is consistent with previous research (Bu&Q9; Daggett, 2007).

Future research should focus on the incidenceleftsaspiration in ALS patients as
well as attempt to replicate the results of thisgdgton a larger scale. If silent aspiration is
more prevalent than previously thought, implemeomabf periodic objective swallowing
evaluations through MBSS or FEES will be beneficiah addition, future studies should
include the examination of whether or not dysphamgeurs prior to the presence of bulbar
impairment for all patients with ALS. Based updre tresults of this study, it may be
beneficial to assess the relationship between numbewallows, DHI, FVC and DDK as

predictive measures of dysphagia in other neuro&giopulations.
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APPENDIX A: ALSFRS-R The ALS Functional Rating Scale, Revised

Total Score:
I. Comparisons are made with the patient’'s sgatios to the onset of the disease,
not with the status at the last visit

[l. Patient's response (on a 5-point scale is pbin relation to the question
"How are you doing at (...)?" for each of thef@@ctions listed.

1. Speech
[ 14 Normal speech processes
[ ] 3 Detectable speech disturbance
[ ]2 Intelligible with repeating
[ 11 Speech combined with non-vocal communication
[ 10 Loss of useful speech

2. Salivation
[14 Normal
[ 13 Slight but definite excess of saliva in magutiay have nighttime drooling
[ ] 2 Moderately excessive saliva; may have minidraloling
[ 11 Marked excess of saliva with some drooling
[ ] 0 Marked drooling; requires constant tissuénandkerchief

3. Swallowing
[ 14 Normal eating habits
[ ] 3 Early eating problems-occasional choking
[ ] 2 Dietary consistency changes
[ 11 Needs supplemental tube feeding
[]1 0 NPO (exclusively parenteral or enteral feggin

4. Handwriting
[14 Normal
[ 13 Slow or sloppy; all words are legible
[ 12 Not all words are legible
[]11 Able to grip pen but unable to write
[ 10 Unable to grip pen

5a. Cutting Food and Handling Utensilqpatients without gastrostomy)
[14 Normal
[ 1 3 Somewhat slow and clumsy, but no help needed
[ 12 Can cut most foods, although clumsy and slsewne help needed
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[]1 Food must be cut by someone, but can setifslowly
[]10 Needs to be fed

5b. Cutting Food and Handling Utensilg(alternate scale for patients with
gastrostomy)

[14 Normal

[ ] 3 Clumsy but able to perform all manipulations
[ ]2 Some help needed with closures and fastners
[ 11 Provides minimal assistance to caregiver

[ ] 0 Unable to perform any aspect of task

. Dressing and Hygiene

[ 14 Normal function

[ ] 3 Independent and complete self-care with ¢fbordecreased efficiency
[ ] 2 Intermittent assistance or substitute methods

[ 11 Needs attendant for self-care

[] 0 Total dependence

. Turning in Bed and Adjusting Bed Clothes

[14 Normal

[ 1 3 Somewhat slow and clumsy but no help needed
[]2 Can turn alone or adjust sheets, but witragdifficulty
[ 11 Can initiate, but not turn or adjust shedtsma

[]0 Helpless

. Walking

[14 Normal

[ 1 3 Early ambulation difficulties

[ 12 Walks with assistance

[ 11 Non-ambulatory, functional movement only.
[ 10 No purposeful leg movement

. Climbing Stairs

[14 Normal

[]3 Slow

[ ]2 Mild unsteadiness or fatigue
[ 11 Needs assistance

[10 Cannot do

10. Dyspnea

[]14 None
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[ ] 3 Occurs when walking

[ 12 Occurs with one or more of the following: g, bathing, dressing (ADL)
[ 11 Occurs at rest, difficult breathing when eitlsitting or lying

[ 1 0 Significant difficulty, considering using mieanical respiratory support

11. Orthopnea
[14 None
[ 1 3 Some difficult sleeping at night due to simass of breath.
Does not routinely use more than two pidow
[ ] 2 Needs extra pillow in order to sleep (morarthwo pillows)
[11 Can only sleep sitting up
[ ] 0 Unable to sleep

12. Respiratory Insufficiency
[14 None
[ ] 3 Intermittent use of BiPaP
[ ]2 Continuous use of BiPaP
[ 11 Continuous use of BiPaP during the night dagl
[ 10 Invasive mechanical ventilation by intubationtracheostomy
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APPENDIX B: ALS Group - History of Disease, Weightand Height

Study
Subject Symptom Date of Enroliment | Weight | Height
ID # onset Diagnosis Date (kg) (cm)

Female:
ALS 001F 1997 1997| 10/22/2012] 59 160
ALS 002F 1/1/2010 12/14/2011] 10/29/2012] 45 152
ALS 003F 3/1/2011 4/1/2011| 10/29/2012] 62 154
ALS 004F 5/1/2011 6/1/2012] 11/19/2012] 80 160
ALS O005F 12/1/2010 6/1/2012 12/3/2012] 62 167
ALS_006F 2/1/2011 7/6/2012 1/14/2013] 93 167
ALS 007F 1/1/2011  11/1/2012 1/14/2013] 60 170
ALS 008F 12/1/2011 10/15/2012 2/4/2013| 83 161
ALS_009F 5/1/2012 7/1/2013 8/26/2013] 61 165
ALS 010F 9/1/2012 6/4/2013 2/3/2014| 45 152
ALS 011F 8/15/2013  2/12/2014| 3/17/2014] 81 164
ALS 012F 7/1/2013  3/24/2014 5/5/2014| 79 168
Male:
ALS 001M 5/1/2011 3/18/2013| 4/15/2013| 77 178
ALS 002M 1/1/2012 7/12/2012]  4/29/2013] 102 180
ALS 003M 2/13/2013] 3/28/2013 7/1/2013| 62 170
ALS 004M| spring 2012  7/19/2013| 7/22/2013| 61 172
ALS 005M 1/1/2012 6/29/2012 9/9/2013| 100 170
ALS 006M 11/1/2012 11/1/2013| 12/16/2013 108 178
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APPENDIX C: ALS Group - Region of Onset and ALS-FRSRevised Scores

Onset ALS-FRSR Scores
Bulbar, Overall
Subject | Axial or | Speech| Saliva | Swallow | Dyspnea | Resp. | ALS-FRSr

ID # Mixed Score
Female:
ALS 001F| Mixed 2 4 4 4 4 33
ALS 002F | Axial 3 4 3 2 4 34
ALS O003F| Axial 3 3 2 3 4 31
ALS 004F Axial 4 4 4 2 4 31
ALS_005F | Bulbar 1 4 1 4 4 36
ALS_006F | Bulbar 2 2 3 3 3 31
ALS 007F | Bulbar 3 3 3 1 4 36
ALS O008F | Axial 4 4 4 4 4 21
ALS 009F | Axial 3 3 3 3 4 19
ALS 010F | Axial 2 4 3 4 4 26
ALS 011F| Bulbar 2 3 3 3 4 43
ALS 012F | Bulbar 3 4 2 4 4 45
Male:
ALS 001M| Bulbar 3 3 3 4 4 45
ALS 002M| Axial 2 3 4 4 4 28
ALS 003M| Axial 4 4 4 4 4 37
ALS 004M| Mixed 3 2 3 3 4 25
ALS 005M| Axial 4 4 4 4 4 39
ALS 006M| Mixed 2 4 4 4 4 34

- The ALS-FRSR is a patient reporting tool composketiZzofunctions (Speech, Salivatio
Handwriting, Cutting Food and Hang Utensils, Dressing and

Swallowing,

Hygiene, Turning in Bed and

Dyspnea, Orthopnea and Respiratory insufficiency.

- Rating for each function uses a 5 point scale: 4mabfunction and O=severe

dysfunction.
- Maximum Overall Score is 48 points

Adjusting Bed ks, Walking, Climbing Stairs,

>
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APPENDIX D: Questionnaire for DDK and dysphagia asessment in ALS.

If any bold response is reported the subject does not meetiarfor this
study.

Do you have a history of tobacco use?

Do you currently use tobacco?

What is your current age? Birthdate?

History of stroke or other neurologic event ottiem ALS?

History of speech difficulties unrelated to ALS?

History of swallowing difficulties unrelated toL&?
History of respiratory disease unrelated to ALS gagsema, COPD, Lung
CA)?

History of head/neck cancer?

History of radiation or surgery to the head/neck?
Is English the first language you learned?

Have you noticed changes in your speech?
Have you noticed changes in your swallowing?

Compared to your baseline, on a scale from 1-7, tived are you right
now?

1 =normal 7 = severely tired

Y/N
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Silbergleit, A.K., Schultz, L., Jacobson, B., Bedey, T. and Johnson, ADysphagia2011)

Please place a check in the box that describessyealiowing difficulty

NEVER SOMETIMES ALWAYS

1P. I cough when I drink liquids.
2P. | cough when | eat solid food.
3P. My mouth is dry.
4P. | need to drink fluids to wash food down.
5P. [I've lost weight because of my swallowinglgeon.
1F. 1 avoid some foods because of my swallowimiplem
2F. | have changed the way | swallow to make#ier to eat.
1E. I'm embarrassed to eat in public.
3F. It takes me longer to eat a meal that it tieed
NEVER SOMETIMES ALWAYS
4F. | eat smaller meals more often due to my lewahg
problem
6P. | have to swallow again before food will gmnah.
2E. |feel depressed because | can’t eat whainkw
3E. Idon't enjoy eating as much as | used to.
5F. 1don't socialize as much due to my swallayyomoblem.
6F. | avoid eating because of my swallowing peob
7F. | eatless because of my swallowing problem.
4E. | am nervous because of my swallowing problem

* This question was excluded from data analysistduetypographical error. The word
“what” was accidentally replaced with the word “wafie
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NEVER SOMETIMES ALWAYS

5E. | feel handicapped because of my swallowimdplem.

6E. | get angry at myself because of my swallgwin
problem.

7P. |1 choke when | take my medication.

7E. I'm afraid that I'll choke and stop breathingcause
of my swallowing problem.

8F. | must eat another way (e.g. feeding tubenbse
of my swallowing problem.

NEVER SOMETIMES ALWAYS

9F. I've changed my diet due to my swallowing
problem.

8P. Ifeel a strangling sensation when | swallow.

9P. | cough up food after | swallow.

Please circle the number that matches the sewdngur swallowing difficulty
(1 = no difficulty as all; 4 = somewhat of a praile7 = the worst problem you could have):

1 2 3 4 5 6 7

normal moderate severe
problem problem
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APPENDIX F: Demographic Information and Dysphagia Handicap Index (DHI) Scores

Table F1: ALS Female Group - Demographic Information and Dysphagia Handicap
Index (DHI) Ratings

Subject | Age Tobacco Use DHI
ID # Over | Self-
Past | Current | Physical | Functional | Emotional | -all | Report

ALS_001

F 58 N N 6 6 2 14 1
ALS_002

F 75 N N 14 24 8 46 4
ALS_003

F 79 N N 4 8 6 18 2
ALS_004

F 67 N N 6 0 0 6 1
ALS_005

F 62 N N 18 30 20 68 5
ALS_006

F 65 N N 4 8 2 14 4.5
ALS_007

F 69 N N 20 24 16 60 6
ALS_008

F 64 Y N 10 0 0 10 1
ALS_009

F 82 Y N 6 10 4 20 4
ALS_010

F 63 N N 4 8 10 22 2
ALS 011

F 73 N N 18 26 16 60 6
ALS 012

F 54 Y N 16 6 2 24 3

- The DHI is composed of 24 statements (one was dg&dlaue to a typographical errg

that require the patient to respond with Neverd{s), Sometimes (2 points) or
Always (4 points) to each.
- Statements are separated into 3 categories: Ph{@iseamtements with maximum 36
possible points), Emotional (6 statements with mmaxn 24 possible points) and
Functional (9 statements with maximum 36 possibiatg).
- Additionally an Overall score and a Self Reportede3ity of Dysphagia rating (7
points scale where 1 is normal and 7 is severepaimred).




122

Table F2: ALS Male Group - Demographic Information and Dysphagia Handicap Index
(DHI) Ratings

Subject Tobacco Use DHI
Age
ID # Over | Self-
Past| Current | Physical | Functional | Emotional | -all | Report
ALS 001
M 60 Y N 22 18 0 40 5
ALS_002
M 55 Y N 6 0 0 6 1
ALS_003
M 78 N N 2 4 0 6 1
ALS_004
M 77 N N 12 16 14 42 5
ALS_005
M 77 N N 4 12 0 16 2
ALS_006
M 65 N N 6 2 0 8 1

- The DHI is composed of 24 statements (one was dgdlaue to a typographical error
that require the patient to respond with Neverd{s), Sometimes (2 points) or
Always (4 points) to each.

- Statements are separated into 3 categories: Ph{@ise@mtements with maximum 36
possible points), Emotional (6 statements with mmaxn 24 possible points) and
Functional (9 statements with maximum 36 possibiatg).

- Additionally an Overall score and a Self Reportede3ity of Dysphagia rating (7
points scale where 1 is normal and 7 is severepaired).
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Table F3: Control Group - Demographic Information and Dysphagia Handicap Index
(DHI) Ratings

Subject Age Tobacco Use DHI
ID # Over | Self-
Past | Current | Physical | Functional| Emotional | -all | Report
CON_001
F 60 N N 2 0 0 2 1
CON_002
M 66 Y N 2 0 0 2 2
CON_003
F 65 N N 2 0 0 2 1
CON_004
F 61 N N 2 0 0 2 1
CON_005
M 69 Y N 2 0 0 2 1
CON_006
F 66 Y N 2 0 0 2 1
CON_007
M 63 N N 0 0 0 0 1
CON_008
F 59 N N 6 0 0 6 2
CON_009
F 69 N N 4 0 0 4 1
CON_010
F 62 Y N 6 0 0 6 3
CON_011
F 84 N N 10 2 0 12 1
CON_012
F 58 Y N 4 0 0 4 1
CON_013
F 58 N N 4 0 0 4 1
CON_014
M 59 N N 8 0 0 8 1
CON_015
F 83 N N 4 0 0 4 1

- The DHI is composed of 24 statements (one was dgdlaue to a typographical error
that require the patient to respond with Neverd{s), Sometimes (2 points) or
Always (4 points) to each.

- Statements are separated into 3 categories: Ph{@ise@mtements with maximum 36
possible points), Emotional (6 statements with mmaxn 24 possible points) and
Functional (9 statements with maximum 36 possibiatg).

- Additionally an Overall score and a Self Reportede3ity of Dysphagia rating (7
points scale where 1 is normal and 7 is severepaimd).
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APPENDIX G: Tired Rating and Forced Vital Capacity Performance

Table G1: ALS Female Group - Tired Rating and Forcd Vital Capacity

Performance
Subject Tlrg d - Forced Vital Capacity
ID # Rating Within Mild Impairment Moderate
Normal Limit (79-65%) Impairment
(+80%) (64-50%)
ALS 001F 4 68%
ALS 002F 4 85%
ALS 003F 1 71%
ALS 004F 7 69%
ALS_005F 3 55%
ALS 006F 1 51%
ALS 007F 5 84%
ALS 008F 1 93%
ALS 009F 4 84%
ALS 010F 7 76%
ALS 011F 2 58%
ALS 012F 3 89%

- Tired rating on a seven point scale where a nomiabnd severely tired = 7.

- FVC scores are documented as percent predictedrpenice based on height,
weight, age and gender.

- An FVC score of 100% predicted capacity is the raediredicted value (based
on height, weight, age and gender), as such wssiple to achieve a percent
predicted FVC that is greater than 100%.
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Table G2: ALS Male Group - Tired Rating and ForcedVital Capacity Performance

Forced Vital Capacity

Subject Tlrgd —— :
D # Rating Wlthln_ N_ormal _Mlld Moc!erate
Limit Impairment (79- Impairment

(+80%) 65%) (64-50%)

ALS 001M 1 82%

ALS 002M 4 107%

ALS 003M 4 93%

ALS 004M 5 59%

ALS 005M 1 52%

ALS 006M 1 96%

- Tired rating on a seven point scale where a nosniabnd severely tired = 7.
- FVC scores are documented as percent predictedrpemce based on height,
weight, age and gender.

- An FVC score of 100% predicted capacity is the raegiredicted value (based ¢

height, weight, age and gender), as such it isilplesto achieve a percent
predicted FVC that is greater than 100%.

n
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Table G3: Control Group - Tired Rating and ForcedVital Capacity Performance

Forced Vital Capacity

Subject Tlr?d ithi i
D # Rating | Within Normal Mild Moderate Impairment
Limit Impairment
(64-50%)
(+80%) (79-65%)
CON_001F 1 128%
CON_002Mm 2 115%
CON_003F 1 88%
CON_004F 2 94%
CON_005M 1 113%
CON_006F 1 125%
CON_007M 1 104%
CON_008F 3 150%
CON_009F 1 112%
CON_O010F 1 125%
CON_011F 1 87%
CON_012F 3 114%
CON_013F 2 101%
CON_014Mm 2 101%
CON_015F 1 103%

- Tired rating on a seven point scale where a nomiabnd severely tired = 7.
- FVC scores are documented as percent predictedrpenmice based on height,
weight, age and gender.

- An FVC score of 100% predicted capacity is the rmediredicted value (based o
height, weight, age and gender), as such it isilplest® achieve a percent predict

FVC that is greater than 100%.
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APPENDIX H: Diadochokinesis Results

Table H1: ALS Female Group - Diadochokinesis Resugt
Sequential Motion
Subject Alternating Motion Rate (AMR) Rate (SMR)
ID # / pA/ [ tA/ [ KA/ | pAtAKA/
#in #in #in #in
5sec | X/sec 5sec | X/sec| b5sec | X/sec| 5sec X/sec
ALS 001F 9.00 1.80 7.00 1.40 9.00 1.80 5.00 1.0(
ALS 002F | 24.00 4.80 22.00 4.40 13.00 2.60 7,00 1.40
ALS 003F | 21.00 4.20 18.00 3.60 15.00 3.00 7)00 1.40
ALS 004F | 28.00 | 5.60 25.00 | 5.00 | 15.00 | 3.00 | 9.30 1.86
ALS 005F 7.00 1.40 6.00 1.20 5.00 1.00 2.0 0.4(
ALS 006F 9.00 1.80 6.00 1.20 7.00 1.40 2.00 0.4(
ALS 007F | 17.00 3.40 15.00 3.00 14.00 2.80 6)00 1.20
ALS 008F | 27.00 5.40 24.00 4.80 21.00 420 10.00 02.0
ALS 009F 9.00 1.80 5.00 1.00 8.00 1.60 2.66 0.53
ALS 010F | 16.00 3.20 16.00 3.20 15.00 3.00 7,00 1.40
ALS 011F | 16.00 3.20 14.00 2.80 7.00 1.40 466 0.93
ALS 012F 10 2.00 10.33 2.07 9.00 1.80 4.00 0.8(
- X/sec = Average number of productions per secordsseconds

Table H2: ALS Male Group - Diadochokinesis Results

Sequential
Alternating Motion Rate Motion Rate
S:J[g)igct (AMR) (SMR)
/ pA/ [ tA/ [ KA/ | pAtAKA/
#1in #in #in #in
5sec | X/sec 5sec | X/sec Bbsec | X/sec| 5sec X/sec
ALS 001M | 25.00 5.00 22.00 4.40 20.00 4.00 1033 72.0
ALS 002M | 14.00 2.80 14.00 2.80 13.00 2.60 6.00 1.20
ALS 003M | 32.00 6.40 32.00 6.40 29.00 5.0 10,33 72.0
ALS 004M | 22.00 4.40 16.00 3.20 15.00 3.00 9.00 1.80
ALS 005M | 26.00 5.20 27.00 5.40 26.00 5.20 5.00 1.00
ALS 006M | 13.00 2.60 12.00 2.40 12.00 2.40 5.00 1.00

- X/sec = Average number of productions per secordsseconds
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Table H3: Control Group - Diadochokinesis Results
Subject . . Seq. Motion Rate
Alternating Motion Rate (AMR) (SMR)
D # _ | pN/ _ [ tA/ _ | KN/ _ | PAtAKA/
#1n #1n #1n #1n
5sec | X/sec 5sec | X/sec| b5sec | X/sec| 5sec X/sec
CON_001F | 34.00 6.80 34.00 6.80 30.00 6.00 13.00 0 2.6
CON_002M | 26.00] 5.20 24.00 4.80 21.00 420 9/00 1.80
CON_003F | 28.00 5.60 28.00 5.60 27.00 540 9|00 1.8D
CON_004F | 30.00 6.00 28.00 5.60 27.00 540  8]00 1.6D
CON_005M | 32.00] 6.40 29.00 5.80 29.00 580 11,133 722
CON_006F | 27.00 5.40 24.00 4.80 24.00 4.80 900 1.8D
CON_007M | 24.00f 4.80 22.00 4.40 21.00 420 10.00 020
CON_008F | 30.00 6.00 30.00 6.00 29.00 580 11.00 022
CON_009F | 28.5 5.70 24.00 4.80 23.00 460 9/00 1.80
CON _010F | 23.00 4.60 22.00 4.40 22.00 4.40 900 1.8
CON 011F | 27.00 5.40 23.00 4.60 21.00 4.20 9|00 1.8D
CON 012F | 31.00 6.20 31.00 6.20 30.00 6.00 12.00 0 2.4
CON_013F | 28.00 5.60 29.00 5.80 29.00 580 11.00 0 2.2
CON_014M | 26.00] 5.20 25.00 5.00 23.2 4.64 10.00 2.00
CON_015F | 29.00 5.80 26.00 5.20 26.5 5.80 10.00 2.0
- X/sec = Average number of productions per secorw:seconds
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APPENDIX I: FEES Rater Sheet with PAS and PharyngebBResidue Scale Ratings

Subject ID Date
Investigator

Pharyngeal
Number of PAS Residue
Bolus Swallows Rating Rating Comments

10mL Thin Liquid
by spoon

30mL Thin Liquid
by straw

3 0z Thin Liquid
by straw

5mL Puree

5mL Puree

Cookie bite

Penetration - Aspiration Scale

Rating Definition
1 material does not enter the airway
material enters the airway, remains above the viotds, and is ejected from the
2 airway
material enters the airway, remains above the Viotdd, and is not ejected from the
3 airway
4 material enters the airway, contacts the voddkfand is ejected from the airway

5 material enters the airway, contacts the voddkfand is not ejected from the airway
material enters the airway, passes below the voldd and is ejected into the laryn
6 or out of the airway
material enters the airway, passes below the voldd, and is not ejected from the
7 trachea despite effort

8 material enters the airway, passes below thel yolcis, and no effort is made to eject
Rosenbek, J. C., Robbins, J., Roecker, E. B., Cdyle, & Wood, J. L. (1996). A penetration-
aspiration scaleDysphagia, 1193 - 98.

Pharyngeal Residue Scale

Rating Definition
0 None No coating/residue in pharynx
1 Coating coating of pharyngeal mucosa, no pooling
2 Mild mild pooling/residue
3 Moderate moderate pooling/residue
4 Severe severe pooling/residue

Kelly, A. M., Macfarlane, K., Ghufoor, K., Drinnah. J., & Lew-Gor, S. (2008). Pharyngeal
residue across the lifespan: a first look at whadtgnal.Clinical Otolaryngology,
33(4), 348-351.
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APPENDIX J: Penetration Aspiration Scale (PAS) Ratngs

Table J1: ALS Female Group - Penetration AspirationScale (PAS) Ratings

FEES results

) Thi Thi )
Subject ID# ' in ' in Thin
Liquid Liquid Liquid 30z
10mL 30mL qstraw Puree | Puree
Straw Straw (5mL) | (5mL) Solid
Rater 1 1 1 8 5 8 5
ALS_001F Rater 2 1 1 8 5 8 5
Rater 1 8 8 8 3 3 3
ALS_002F Rater 2 8 8 6 3 2 2
Rater 1 3 8 8 5 8 5
ALS_003F Rater 2 5 5 5 8 8 3
ALS 004F Terminated at Subject Request No bolus trials
Rater 1 8 n/a n/a 8 8 8
ALS_O05F Rater 2 8 n/a n/a 8 8 8
Rater 1 8 8 n/a 1 3 1
ALS_006F Rater 2 8 8 n/a 2 3 1
Rater 1 1 7 7 1 1 1
ALS_007F Rater 2 1 7 7 1 1 1
Rater 1 1 2 2 3 3 3
ALS_008F Rater 2 2 2 2 3 3 2
Rater 1 5 8 8 1 1 1
ALS_009F Rater 2 8 4 8 1 1 4
Rater 1 2 5 5 1 3 5
ALS_O10F Rater 2 5 5 5 1 3 3
Rater 1 8 8 8 1 1 5
ALS_O11F Rater 2 5 5 5 2 2 2
Rater 1 8 1 5 1 1 1
ALS_O12F Rater 2 8 3 8 1 1 3

- PAS ratings are based on an 8 point scale werésdhe least severe and 8 is the mo

Severe.

- n/a = Not administered due to severity of impairtr@nsmaller bolus trial.

St
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Table J2: ALS Male Group - Penetration Aspiration Sale (PAS) Ratings

FEES results

Subject ID# L-irthiJ?d L-irthi?d Thin

10mL 30mL 3|(;Izqgtlﬁjaw Puree | Puree _

Straw Straw (5mL) | (5mL) | Solid
pus oo [ Falera|UTv vy | orv | vy | byl o
ALS 00M | piierol 5 | R T B
ALS 003M | piral 1 |1 R I T T
ALS 004M | peral 1| N O N
ALS 00SM | pral 2 | 2 R TN
L

- PAS ratings are based on an 8 point scale werésdhe least severe and 8 is the m

severe.

- UTV = Unable to visualize

DSt




132

Table J3: Control Group - Penetration Aspiration Sale (PAS) Ratings

FEES results

Thin
Liquid
10mL
Straw

Subject ID#

Thin
Liquid
30mL
Straw

Thin
Liquid
30z straw

Puree
(5mL)

Puree
(5mL)

Solid

Rater 1 1

H

CON_O001F Rater 2

H

Rater 1

CON_002M | ==

Rater 1

RWwlw

CON_O03F |-~~~

C
=
<

CON_004F | Rater 1

Rater 2

-
<

CON_oosm|-Rater

Rater 2

CON_006F |Rater L

Rater 2

Rater 1

CON_007M "~

Rater 1

CON_008F |-~° ~—

Rater 1

CON_O09F |-~~~

CON_010F | Raterl

Rater 2

CON_o011F | Raterl

Rater 2

CON_012F | RaterL

Rater 2

Rater 1

CON_O013F Rater 2

Rater 1

CON_014M |-~

g|a|a NNk ROl |R|R|R(RRRRRR RN N N OO R R e

Rater 1

CON_O015F Rater 2 5

RiRrgaRRRIROAORRIRRIRIRRRRRINvW N GO R R R e

NP GNP |RRRoNRIRIRRINO|R(RRRINNN N o o R Rk

RlRrRRRIRPIRIRIRPRRINRPRIRPRRIRIWOWR|R|IRIRIN R WP R R R

NP INNR|IRRIRIRRIRIRINRP(R IR W WP [R|N|R (P

- PAS ratings are based on an 8 point scale werésdhe least severe and 8 is the

severe.
- UTV = Unable to visualize

2
2
1
1
1
1
1
1
1
2
1
1
2
1
1
1
2
2
1
1
1
1
2
2
1
1
1
1
1
1
m

0]

U
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APPENDIX K: Pharyngeal Residue Ratings

Table K1: ALS Female Group - Pharyngeal Residue Ratgs

FEES results

Subject ID# Thin Thin Thin
Liquid Liquid Liouid 307
10mL 30mL qstraw Puree | Puree
Straw Straw (5mL) | (5mL) | Solid
Rater 1 1 1 1 1 1 1
ALS_001F Rater 2 1 1 1 2 1 2
Rater 1 2 2 1 2 2 3
ALS_002F Rater 2 3 2 2 3 3 3
Rater 1 2 2 2 2 2 2
ALS_O03F Rater 2 2 2 2 2 2 1
ALS 004F Terminated at Subject Request No bolasstedministered
Rater 1 2 n/a n/a 2 3 2
ALS_005F Rater 2 2 n/a n/a 2 3 3
Rater 1 2 2 n/a 1 2 2
ALS_006F Rater 2 2 2 n/a 1 2 2
Rater 1 2 2 2 2 2 2
ALS_007F Rater 2 2 2 2 2 2 2
Rater 1 1 2 1 2 2 2
ALS_008F Rater 2 1 2 1 2 2 2
Rater 1 2 1 1 1 2 2
ALS_O09F Rater 2 2 2 2 1 1 3
Rater 1 2 1 1 2 2 2
ALS_O10F Rater 2 2 2 2 2 3 2
Rater 1 2 2 2 2 2 3
ALS_O11F Rater 2 3 2 2 2 3 4
Rater 1 2 2 1 3 3 2
ALS_012F Rater 2 2 2 2 3 2 2

- Pharyngeal residue ratings were based on a 5 goafe where O = no residues or
coating and 4= severe residue

- n/a = Not administered due to severity of impairtr@msmaller bolus trial.




134

Table K2: ALS Male Group - Pharyngeal Residue Ratigs

FEES results

Subject ID# Thin Thin Thin
Liquid Liquid Liquid 30z
10mL 30mL qstraw Puree | Puree
Straw Straw (5mL) | (5mL) | Solid
Rater 1 utv uTtv 2 2 2 1
ALS_001M Rater 2 utv uTtv 2 2 2 1
Rater 1 1 2 2 2 2 1
ALS_002M Rater 2 1 2 2 2 2 2
Rater 1 1 1 1 2 1 0
ALS_003M Rater 2 1 1 1 2 1 0
Rater 1 1 1 2 2 2 2
ALS_004M Rater 2 1 1 2 2 2 1
Rater 1 2 2 2 2 1 1
ALS_00SM Rater 2 2 2 2 2 1 1
Rater 1 2 1 1 2 2 2
ALS_006M Rater 2 2 1 1 2 2 2

- Pharyngeal residue ratings were based on a 5 poate where O = no residues or

coating and 4= severe residue
- UTV = Unable to visualize
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Table K3: Control Group - Pharyngeal Residue Rating

FEES results

Subject ID# Thin Thin Thin
Liquid Liquid Liauid 30z

10mL 30mL qstraw Puree Puree

Straw Straw (5mL) (5mL) Solid

Rater 1 2 1

N
N

CON_001F

N

Rater 2

Rater 1

CON_002M == =

R ININ

Rater 1

CON_003F o= ==

C
=
<

CON_0o4F | Rater 1

Rater 2

CON_0o5m|-Rater 1

Rater 2

CON_006F | Ratert

Rater 2

Rater 1

CON_007M == =

Rater 1

CON_O0O08F Rater 2

Rater 1

CON_O09F == ==

CON_o10F | Rater 1

Rater 2

CON_o11F | Raterl

Rater 2

CON_012F | Raterl

Rater 2

Rater 1

CON_O013F Rater 2

Rater 1

CON_O014M -~ ~ =

NININOIO|IO|IOINIPIRPIFPININFPIFPIPIPIRPIERPININPEFPRERINDNERIELEIN
RPININIOOIOC|IOCOIFRFIFPIFPIFLINININIPININIFPIRPINFPIRPIFPIFLPINRFIRFLPIE

RINNooO|RIRIRIRIRIRIRIRIRIRINNRIRIN NP

Rater 1

RliRrINNo|lo|lo|oR|IFRININIF|IR|IFRIFRIFRFRIOIRINN|FRFR|O|O|IR|FR|F|F
NINNN|[o|o|R|FIFIOINIFIFRIFIFIFRININ RPN N RRIN R RN N
ROININ|O|IO|R|[FR|FR|IFR|IFR|IR|IO|O|O|O|OC|OC|OC|O|N|IN|OOIN|NM|O|O|IR|O

CON_O15F Rater 2 2 1 1

- Pharyngeal residue ratings were based on a 5 goate where 0 = no residues or
coating and 4= severe residue
- UTV = Unable to visualize
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APPENDIX L: Number of Swallows per Bolus Trial

Table L1: ALS Female Group - Number of Swallows peBolus Trial

FEES results

Thin

Thin

Subject ID# Liquid Liquid Liqﬂirgnsoz

10mL 30mL Straw Puree | Puree _

Straw Straw (5mL) | (5mL) Solid
T e S B e e A
ALS 002F | peral 13 | T RS
e e S 2 B B
ALS_004F Terminated at Subject Request No bolus trialsfiterrater necessary
ALS_00SF o 26 | ma | wa |8 1| s
ALS_0OGF | piiero 3 2 S —
ALS_0OTF | pitero 3 2 2 A T R
e e T e R
ALS O09F | ocrs : S B
T i B e & I
e 3 B A
ALS OLZF| pllero s . N N

- The number of discrete swallows per bolus were waliduring each trial
- n/a = Not administered due to severity of impairtranmsmaller bolus trial.




137

Table L2: ALS Male Group - Number of Swallows per Blus Trial

FEES results

Subject ID# Thin Thin Thin
Liquid Liquid Liquid 30z
10mL 30mL qStraw Puree Puree
Straw Straw (5mL) (5mL) Solid
Rater 1 uTv uTv 13 3 5 4
ALS_001IM Rater 2 uTv uTv 13 3 4 4
Rater 1 2 5 10 2 2 2
ALS_002M Rater 2 2 5 10 2 2 2
Rater 1 5 5 6 2 2 5
ALS_003M Rater 2 4 5 6 2 2 4
Rater 1 2 3 8 3 2 1
ALS_004M Rater 2 2 3 8 3 3 1
Rater 1 5 7 11 8 4 7
ALS_00SM Rater 2 5 8 5 8 5 6
Rater 1 4 8 16 3 4 2
ALS_006M Rater 2 5 8 15 3 4 2

- The number of discrete swallows per bolus were waliduring each trial
- UTV = Unable to visualize
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Table L3: Control Group - Number of Swallows per Bdus Trial

FEES results

Subject ID# Thin Thin Thin
Liquid Liquid Liquid 30z

10mL 30mL qStraw Puree Puree

Straw Straw (5mL) (5mL)

Solid

Rater 1 2 5

CON_O001F Rater 2

Rater 1

CON_002M | ==

Rater 1

CON_O03F |-~~~

CON_004F | Rater 1

Rater 2

CON_oosm|-Rater

Rater 2

CON_006F |Rater L

Rater 2

Rater 1

CON_007M "~

Rater 1

CON_O0O08F Rater 2

Rater 1

CON_O09F |-~~~

CON_010F | Raterl

Rater 2

CON_o011F | Raterl

Rater 2

CON_012F | RaterL

Rater 2

Rater 1

CON_O013F Rater 2

Rater 1

CON_014M |-~

NIARRWWOAINWWOOIOWWWWININIROITWIWININWWWW|IN
WWWININWWWWOOIOINI~ A APRlWWIRO|A|RA|INROOA|A~|O

Rater 1

RN ENEN N ENTGIEN P ENEN A N [ g EN N ENT TSI ENIEN TN ToeT P E N ENTEN
NN NN NN oS I o idN o S AN SN INwNN W o NN W] w
N(NN (NN R lala|Nd NN N ool slw|le|Ndw[ Do

CON_O15F Rater 2 2 3

NININININININWIRARIOWWWWWOAWWRAROANWEFIFPOOIADNDNWW

- The number of discrete swallows pdubevere counted during each trial
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ABSTRACT
EVALUATING THE RELATIONSHIP BETWEEN DIADOCHOKINESIS  AND

SEVERITY OF DYSPHAGIA AS IT RELATES TO FORCED VITAL CAPACITY IN
INDIVIDUALS WITH AMYOTROPHIC LATERAL SCLEROSIS

by
ARTHUR KNACK
MAY 2015
Co-Advisor: Dr. Li Hsieh
Co-Advisor: Dr. Joseph Murray
Major: Speech-Language Pathology
Degree:Doctor of Philosophy
Purpose: To determine if the severity of dysphagia, agaeined by Penetration Aspiration
Scale (PAS) ratings and pharyngeal residue scalgsan individuals with ALS, can be
predicted through performance on diadochokinesiBKPand force vital capacity (FVC)
measures.

This study was designed to evaluate differencggiformance of clinical measures
and objective swallowing severity ratings betwamhviduals with ALS and a Control group
of similar age. The goal of this study was toratteto develop a clinical assessment battery
that can predict swallowing impairment in ALS patg In addition, potential predictive
relationships between dysphagia ratings and oth@nwnly utilized measures in the
evaluation and treatment of ALS including duratafrdisease, type of onset (axial, bulbar,
mixed), current Amyotrophic Lateral Sclerosis FumttRating Score — Revised (ALS-FRS-
R) score, body mass index, and the Dysphagia Hapdiaex (DHI) patient-reported

outcome based dysphagia tool were also investigated
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Swallowing function was assessed with three tlyuitl boluses of increased volume,
two 5mL pudding boluses and one piece of grahackeraPharyngeal residue, PAS and
number of swallows per bolus were rated by two jpethelent investigators. Between-group
findings included significant impairment in funatian the ALS group on all clinical measures
and all swallowing severity ratings with the exéeptof the smallest liquid bolus trial,
compared to the performance of the control grodfithin the ALS group, significant
correlations were present to support the hypothbaitsswallowing function can be predicted
by various clinical measures including DDK, FVC eI and number of swallows per
bolus. Duration of disease and type of onset wggeficantly correlated with severity of
dysphagia in ALS.

In conclusion, clinical measures can be benefinigiredicting severity of dysphagia
in individuals with ALS. There is a significantreelation between DDK, FVC, DHI, number

of swallows per bolus with decline in swallowingh@ition in ALS.
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