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ABSTRACT

Relatively little is known about the role of the basal ganglia and their pathways in 

human deglutition. Deep Brain Stimulation (DBS) is a treatment for Parkinson Disease

(PD) that stimulates the subthalamic nuclei and affords us a model for examining 

deglutition in humans with known impairment of the basal ganglia. The purpose of this 

study was to examine the effects of DBS in the ON versus Off conditions on the oral and 

pharyngeal stages of deglutition in participants with PD.  It was hypothesized that DBS in 

the ON condition would yield improvement in the following dependent variables: oral 

total composite score, pharyngeal total composite score, pharyngeal transit time, and 

maximal hyoid bone excursion.  Statistically significant differences (improvement) were 

found for the pharyngeal composite score and pharyngeal transit time in the DBS ON

condition.  Findings of this study demonstrated that DBS in the ON condition helps to 

alleviate some of the bradykinesia and hypokinesia associated with PD on the pharyngeal 

stage of deglutition, but not the oral stage.  These findings suggest that Parkinsonian 

swallowing dysfunction is not solely related to nigrostriatal dopamine deficiency which is 

purported to be the primary means of DBS alleviation of motor signs.  Rather, it may be 

due to an additional non-dopamine related system of deglutition found in the brainstem.
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INTRODUCTION

Relatively little is known about the role of the basal ganglia and their pathways in 

human deglutition.  This is due to limitations of conducting in vivo experiments in 

humans, limitations of imaging subcortical activity during deglutition, and a paucity of 

data gleaned from animal models.  Recently, a method of treating Parkinson Disease 

(PD) has offered an opportunity to study the basal ganglia pathways and their role in 

deglutition in humans.  PD is caused by impaired function of the basal ganglia and is 

associated with specific dysphagia signs and symptoms.  Deep brain stimulation (DBS) 

has been used successfully to alleviate many of the motor signs and symptoms of PD.  

This treatment is a surgical intervention that places electrodes into specific locations 

within the basal ganglia to provide high frequency stimulation.  DBS electrodes can be 

turned “off”, leaving the individual in the ‘normal’ disease state of impaired basal ganglia 

function or “on” providing therapy. This treatment method offers a unique opportunity to 

study the role of the basal ganglia in deglutition in humans with known impairment of the 

basal ganglia.  Such a comparison might offer insight into the role of the basal ganglia 

pathways in deglutition.    

The purpose of this study was to examine the effects of DBS on the oral and 

pharyngeal stages of deglutition.  To date, there have been no published studies on the 

effects of DBS on deglutition.  However, DBS has been reported to improve limb and 

overall motor control (Brown, Dowsey, Brown, Jahanshahi, Pollak, Benabid, Rodriquez-

Oroz, Obeso & Rothwell, 1999) and oral force (Gentil, GarciaRuiz, Pollak & Benabid, 
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1999) in individuals with PD.  Thus, it is hypothesized that DBS will be associated with

improved deglutition in individuals with PD compared to their non-DBS disease state.

Basal Ganglia and Motor Control

The basal ganglia are a group of neural structures that lie deep within the brain. 

Traditionally they were thought to be involved with the selection of motor plans and 

initiation of movement.  Recently, the basal ganglia have been implicated in all or most 

forebrain function, including cognition and emotion.  The basal ganglia are of utmost 

importance in the control and quality of movement.  Specifically, they are implicated in 

goal directed movements, postural  adjustments, skilled movement and adjusting 

movement to the environment.  Normal deglutition requires similar types of motor 

control and it is evident with diseases of the basal ganglia that impair motor control cause 

dysphagia.   However, the exact nature of how the basal ganglia control deglutition in the 

oral (more voluntary) and pharyngeal (more automatic) stages of deglutition is unclear.  

The structural components of the basal ganglia can vary with different theoretical 

models, but  generally include the striatum, substantia nigra pars compacta (SNc), 

substantia nigra pars reticulata (SNr), subthalamic nucleus (STN), globus pallidus 

external segment (GPe), and globus pallidus internal segment (GPi).  For this paper, the 

striatum is defined as the caudate nucleus, putamen, and nucleus accumbens and is the 

major target of cortical input.  The pathways and circuitry within the basal ganglia are 

also heavily debated.  A model of the basal ganglia circuitry that has been given a lot of 

attention is the basis for positive and negative signs associated with damage to the basal 
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ganglia is the Direct/Indirect Closed-Loop Model.  The Direct/Indirect Closed-Loop 

Model is the basis for surgical intervention affecting the direct or indirect pathways of the 

basal ganglia (Berman & Deuschl, 2002).  This model postulates that there is a neural 

circuit that arises from the cortex, passes through the basal ganglia to the thalamus and 

back to the cortex.

Figure 1.   Direct/Indirect Closed Loop Model of the Basal Ganglia
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The Direct Pathway’s cortical input is excitatory (glutamate) to the striatal

receptors.  There is also excitatory input (dopamine-D1 receptor) from the SNc.  The 

striatum sends inhibitory input (GABA) to the GPi receptors, which sends inhibitory 

input (GABA) to the thalamus receptors.  Thus, the thalamocortical targets are released 

from inhibition and the Direct Pathway is thought to “turn things on.”  That is, when 

performing a motor function, the GPi will not inhibit the thalamocortical targets and 

proper scaling of the movement is achieved.  The Indirect Pathway striatal receptors also 

receive excitatory (glutamate) input from the cortex, but inhibitory (dopamine-D2 

receptor) from the SNc.  The striatum sends inhibitory (GABA) input to the GPe

receptors, which sends inhibitory (GABA) input to the STN receptors.  The STN is then 

released from inhibition and sends excitatory (glutamate) input to the GPi recptors.  Since 

the GPi is more excited from the STN projections, it sends more inhibitory (GABA) input 

to the thalamocortical targets.  The Indirect Pathway is thought to “turn things off.”  That 

is, the GPi will inhibit the thalamocortical targets in order to scale the movement 

appropriately.  A balance between exciting and inhibiting thalamocortical targets is 

thought of as a way to select the appropriate magnitude or force of movement.

Pharmacological treatment for Parkinson Disease aims to augment dopamine input to the 

striatum, thus restoring balance between the Direct and Indirect pathways.

However, the Direct/Indirect Pathway Model is an “oversimplified” model of the 

basal ganglia and has many limitations, including omission of several known connections

that project from other basal ganglia structures (distinct from the GPi/thalamus pathway) 

directly to the brainstem, such as the pontine peduncular nuclei (PPN) and reticular 
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activating system (RAS), which are heavily connected with the brainstem speech, 

posture, and swallowing centers (Mena-Segovia, Bolam & Magill, 2004; Plaha & Gill, 

2005). The Indirect/Direct Close- Loop Model, however, is the basis of many treatments 

for Parkinson Disease such as medication (augmenting dopamine), ablation surgeries, and 

neural stimulation.  This may contribute to the reasons this model fails to explain why 

many motor tasks, such as speech and posture, do not respond as well to treatment for 

limb movement, gait, and tremor. Thus, it is important to understand the Direct/Indirect 

Closed Loop Model as a starting point for exploring the more complex interactions of the 

basal ganglia.

The Direct/Indirect Closed Loop model is purported to adjust the amount of 

excitation to thalamocortical targets, thus controlling the timing and amount of muscle 

activation that occurs during movement.  This has been well studied in the limbs, but not 

in deglutition.  However, parallels among all motor systems exist and it is reasonable to 

assume that the basal ganglia would be involved in both the voluntary and involuntary 

aspects of deglutition, just as it is with limb control (voluntary) and posture (involuntary).

Although this model omits the connections with the brainstem, it is a starting point to 

understand the general aspects of motor control of deglutition.  A viable model to directly 

test the Direct/Indirect Closed-Loop Model that has been used to study basal ganglia 

motor control in humans for limb movement, gait, posture, oral force, voice, and speech 

is a disease model.
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Disease Models

Use of a disease model to understand normal function of a system has limitations, 

and there are several important factors to consider. Primarily, we don’t know how 

alteration in the structure of interest might also change the function of the entire CNS.  In 

other words, findings in the disease state may reflect other changes besides those known 

in the structure of interest. Huntington’s chorea and Parkinson Disease (PD) both result 

from dysfunction of the basal ganglia.  Individuals with either of these diseases also 

develop abnormal deglutition, referred to as dysphagia.  Of the two disease models, PD 

has been more rigorously studied.  In addition, the expression of PD across individuals is 

more homogenous than Huntington’s chorea.  Thus, of the two disease models available 

to study the function of the basal ganglia in deglutition, PD offers the most promise for 

investigating the role of the basal ganglia in deglutition.

Characteristics of Normal Deglutition

Deglutition is defined as the transport of food or liquid (bolus) through the oral 

and pharyngeal cavities to the esophagus where it is transported to the stomach for 

digestion (Perlman & Christensen, 1997).  Deglutition is a complex motor act involving

multiple bones, muscles, and soft tissues and complex coordination of these structures to 

move the bolus into the esophagus while protecting the airway.  In addition to the 

neuromotor aspects of deglutition, there are cognitive and instinctual factors that are 

important in achieving normal nutrition and hydration as well as the pleasurable and 
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social aspects of enjoying food and drink.  This study will focus on the kinematics of 

deglutition to investigate the associated neural controls. 

Traditionally, deglutition is divided into three stages: oral (with a preparatory 

phase and transit phase), pharyngeal, and esophageal.  The oral preparatory phase of 

deglutition involves forming the bolus into a cohesive ball.  Mastication is another 

component of deglutition when the bolus is solid.  Typically, the lips, tongue, jaw, and

cheeks, are responsible for forming the bolus and situating it between the tongue and hard 

palate for bolus transport.  The oral transport phase is initiated when the anterior portion

of the tongue initiates an anterior to posterior ‘stripping’ motion along the roof of the 

mouth that propels the bolus into the posterior part of the oral cavity and into the 

pharynx.  Once the bolus has passed the faucial arches, the pharyngeal stage is triggered.

From a motor control standpoint, the oral stage is mostly “voluntary,” with some 

automatic/central pattern generator components for chewing.

The pharyngeal stage typically occurs in less than a second and involves a 

sequence of muscle activations to close off the airway and nasopharynx, and propel the 

bolus to the esophagus.  The sequence of pharyngeal activity for this stage typically 

begins with the elevation of the velum, closure of the larynx from an inferior to superior 

direction beginning with the true vocal folds, anterosuperior movement of the larynx due 

to contraction of the suprahyoid muscles, superior to inferior constriction of the 

pharyngeal constrictor muscles, and opening of the upper esophageal sphincter.  This 

sequence is stable; that is, the order of events does not vary.  This has been demonstrated 

using EMG during swallowing in humans in the upright position (Van Daele, McCulloch, 
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Palmer & Langmore, 2005; Perlman, Palmer, McCulloch & Van Daele, 1999),  in upright 

compared to supine position (Barkmeier, Bielamowicz, Takeda & Ludlow, 2002), in 

awake animal models (Jean, 2001; Lund, 1990; Jean, 1990; Rossignol, Lund & Drew,

1988; Chandler & Tal, 1986)), and in decerebrate animals (Doty & Bosma, 1956; Doty 

Richmond & Storey, 1967;  Grill & Norgren, 1978; Kornblith & Hall, 1979).  The timing 

of each event and the degree of muscle activation may change according to bolus 

characteristics such as volume and viscosity (Kendall, Leonard & McKenzie, 2001), but 

the pattern remains stable.  From a motor control standpoint, the pharyngeal stage is 

considered “involuntary.”

Neural Control of Deglutition

The neural control of deglutition is complicated.  It involves motor control 

characteristics that range from central pattern generation to ‘voluntary’ motor control.

Most of what we know about the control of deglutition is in the brainstem or cortex, 

which leaves us with a dearth of data on other important structures involved in motor 

control, such as the basal ganglia.  Much of our understanding of the neural control of 

deglutition in the pharyngeal stage comes from the work of Jean and Bosma (Jean, 2001; 

Fust, Wright, Pratt, Bosma, 2003, Car, Jean & Roman, 1998) in animal models and 

implicates brainstem structures as the primary controllers via central pattern generation .  

Additionally, chewing has been associated with a brainstem central pattern generator

component (Jean, 1990).  More recently, through disease models and neuroimaging 

studies, cortical areas have been identified that are pertinent to the pharyngeal and oral 



19

stages of deglutition.  Neuroimaging has also illuminated other subcortical structures that

are active during all three stages of deglutition, such as the basal ganglia, cerebellum, and 

thalamus (Zald & Pardo, 1999). The pharyngeal stage is considered to be under more 

“involuntary control” while the oral stage has components of both “voluntary” and 

“involuntary” (chewing). 

Of all these central nervous system components, the brainstem has been most 

studied for its role in swallowing.  Thus, the discussion about neural controls of 

deglutition will begin in the brainstem. 

Pharyngeal Stage Swallow:  Two main areas of the brainstem have been identified 

as the primary areas responsible for the pharyngeal swallow.  These areas are in and near 

the reticular formation of the medulla bilaterally (rhombencephalic swallowing center),

including the nucleus tractus solitarius  in the dorsal medulla and the nucleus ambiguus in 

the ventrolateral medulla. Evidence for the nucleus tractus solitarius/nucleus ambiguus 

as the primary components of the pharyngeal swallow pathway came from experiments 

that demonstrated these structures are both necessary and sufficient for pharyngeal 

swallowing (Doty & Bosma, 1956; Doty, Richmond & Storey, 1967; Grill & Norgren,

1978; Kornblith & Hall, 1979). The first of these studies recorded from nucleus tractus 

solitarius and nucleus ambiguus during a bolus swallow in anesthetized rats.  A 

simultaneous pattern of sequential bursting occurred in the nucleus tractus solitarius and 

the nucleus ambiguus associated with the external event of interest: the pharyngeal 

swallow (sufficient component) (Jean, 1972b; Kessler & Jean, 1985b).  Lesion studies 
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showed that these structures were vital to the patterned motor response observed with the 

pharyngeal swallow.  That is, ablation, severing connections, or blocking the action of 

these structures resulted in the inability to generate a pharyngeal swallow (necessary 

component) (Doty, Richmond & Storey, 1967; Jean, 1972a; Weerasuriya, Beiger & 

Hockman, 1985).

The nucleus tractus solitarius receives afferent input (touch, proprioception, 

pain/temperature) from cranial nerves V, IX, and X. Specifically, input from the superior 

laryngeal nerve is paramount for eliciting a pharyngeal swallow via touch receptors. It is 

responsible for triggering, shaping the degree and timing of efferent output, and the 

timing of the pharyngeal swallow (Doty, 1951; Roman & Car , 1967; 1970; Car & 

Roman, 1970a, 1970b; Miller, 1972a, 1972b; Jean, 2001). The nucleus tractus solitarius

projects bilaterally to the nucleus ambiguus that contains ‘switching neurons’ that 

distribute drive to the motorneurons of cranial nerves V, VII, IX, X, and XII for the 

patterned motor response of the pharyngeal swallow (Tell, Fagni & Jean, 1990; Jean,

2002).  Stimulating the superior laryngeal nerve or nucleus tractus solitarius will generate 

a pharyngeal swallow.  However, stimulating the nucleus ambiguus does not.  Thus, the 

central pattern generator for a pharyngeal swallow resides in the interconnections 

between the NTS and NA (Jean 2001).

There has been considerable debate over whether the pharyngeal swallow is 

controlled by a central pattern generator.  However, there is mounting evidence that 

supports the mechanisms underlying pharyngeal swallowing as a central pattern generator 

.  Kandel defines a central pattern generator as a “neuronal network capable of generating 
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a pattern of motor activity without phasic sensory input from a peripheral receptor.”  

(Kandell, Schwartz, & Jessell, 2000 p. 754). Similarly, those who study the pharyngeal 

swallow central pattern generator define it as an “operational expression to designate an 

ensemble of neural elements whose properties and connectivity can give rise to 

characteristic patterns of rhythmic activity in the absence of external feedback,” 

(Rossignol & Dubuc, 1994). Evidence of central pattern generator networks for the 

pharyngeal swallow are found in the neuronal cellular membranes. The neurons in the 

nucleus tractus solitarius have three distinct firing patterns that cause rhythmic bursting: 

long-lasting/low frequency, short duration bursts/low frequency, and short duration/high 

frequency (Tell, Fagni & Jean, 1990;). Furthermore membrane conductance in nucleus 

tractus solitarius and nucleus ambiguus neurons can cause rhythmic waves of firing by 

calcium currents, repolarization by calcium activated potassium currents, and membrane 

oscillations by early potassium currents (Sumi, 1963; Jean, 1972b; Kessler & Jean,

1985b; Wright, Pratt & Bosma, 2003).

The cellular properties of the brainstem neuronal network associated with the 

pharyngeal swallow were consistent with the defined properties of a central pattern 

generator.  That is, neurotransmitters released at synapses in pathways associated with the 

pharyngeal swallow produced both excitation (serotonin, glutamate) and inhibition

(dopamine, norepinephrine) in the post-synaptic cell (Sessle & Henry, 1989; Beiger,

1991, Jean, Kessler & Tell, 1994; Jean, 2001).  

The ‘trigger’ of a pharyngeal swallow was shown to occur when the primary 

sensory nerves from the pharynx or sensory pathways within the brainstem were 
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stimulated with electrical or a pharyngeal bolus stimulus.  That is, the superior laryngeal 

nerve, Cranial Nerve IX, or neural pathways from the pons to the nucleus tractus 

solitarius elicited a pharyngeal swallow in anesthetized rats (Jean, 2001).  Stimulating the 

nucleus ambiguus or cranial nerve nuclei did not successfully trigger a pharyngeal 

swallow.  Thus, it is demonstrated that the pharyngeal swallow does not require phasic 

sensory input, meeting the requirements of a central pattern generator.

Patterns of connectivity among neurons in the brainstem swallow center, such as 

local  and projection interneurons, are both inhibited and excited, meaning that they are 

capable of generating patterns of activity (Miller, 1999, Jean, 2001; Gust, Wright, Pratt & 

Bosma, 2003).  For example, the nucleus tractus solitarius pharyngeal swallow network 

consists of cells that fire in a sequence of activity that commences with excitation of the

proximal portions of the swallowing tract and inhibition to that of distal portions.  As the 

bolus progresses through the aerodigestive pathway, the proximal portions are inhibited 

and the distal portions are excited. This occurrence implies the existence of excitatory 

and inhibitory connections between interneurons in the brainstem swallow network (Amri 

& Car, 1988; Cunningham & Sawchenko, 1990; Fust, Wright, Pratt, Bosma, 2003). 

 In summary, the pharyngeal swallow exhibits a stable sequence of muscle 

activation that cannot be modified or interrupted.  This sequence is triggered by sensory 

stimulation through the superior laryngeal nerve or by stimulation of the primary sensory 

tract nucleus within the brainstem, the nucleus tractus solitarius.  However, this does not 

require phasic sensory input. The sequence of efferent output from the nucleus ambiguus 

is a stable sequence that is present in deafferented and paralyzed animals (Jean, 1990), 
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animals with bilateral nerve resection (Jean, 1990), and even in humans with positional 

and bolus delivery changes that would theoretically cause the bolus to stimulate more 

distal areas of the pharynx before the proximal areas but still yielded initial proximal 

muscle contraction (Barkmeier, Bielamowicz, Takeda & Ludlow, 2002). 

In addition to the brainstem contribution to the pharyngeal swallow, recent 

evidence demonstrates that other cortical structures are involved as well.  The patterned 

motor response of the pharyngeal swallow can be elicited by stimulation of a “cortical 

swallowing region” located in the inferior portion of the prefrontal gyrus, near the insula 

(Kern, Jaraden, Arndorfer & Shaker, 2001).  Kern and colleagues demonstrated that the 

pharyngeal swallow is represented in the primary sensory/motor cortex, bilateral insula, 

cingulate, parietal/occipital regions (Kern, Jaraden, Arndorfer & Shaker, 2001).  This has 

also been demonstrated in primate models (Martin, Kemppainen, Masuda, Yao, Murray 

& Sessle, 1999). Thus it appears that the motor control of the pharyngeal swallow also 

involves cortical components. 

Cortical and Subcortical Control of Deglutition

Cortical and subcortical structures have been shown to be involved in all three 

stages of deglutition. The afferent messages that trigger and adjust the swallowing 

program at the brainstem level are simultaneously conveyed to higher nervous system 

structures such as the thalamus and basal ganglia for integration of the voluntary and 

involuntary aspects of deglutition (Fust, Wright, Pratt, Bosma, 2003). The oral stage of 

swallowing involves ‘voluntary’ motor acts, such as conscious chewing and bolus 



24

manipulation, and ‘involuntary’ chewing patterns that are controlled by a central pattern 

generator (Martin, et al., 1999).  Volitionally, one can decide how much or how long to 

chew and hold a bolus before transporting it to the pharynx.  Furthermore, one can inhibit 

a pharyngeal swallow (e.g., resisting onset of a swallow during dental work in the 

mouth).  The more voluntary aspects of the oral stage are attributed to primary motor and 

sensory areas of the cortex.  Sensory information is relayed via the thalamus to the 

primary and secondary somatosensory cortical areas.  These areas are involved in 

perception of temperature, touch, position, and stereognosis.  Subcortical systems, such 

as the basal ganglia and cerebellum have been implicated as well but their role(s) are not 

understood.  

Recent PET and fMRI studies implicate the inferior precentral gyrus and insula in 

both voluntary (to command) and vegetative swallowing (Zald & Pardo, 1999).  Not 

surprisingly, the basal ganglia have been shown to respond to both types of swallowing 

(Zald & Pardo, 1999).  Furthermore, lesions and diseases affecting only the cortex or 

basal ganglia can affect all three stages of deglutition.  This evidence suggests that 

deglutition is a complex sensori-motor process requiring integration of the CNS and PNS 

to function properly. Since the basal ganglia are involved in other types of voluntary and 

involuntary motor control, it is not surprising that they would be active during both 

voluntary and involuntary aspects of swallowing.

Volitional swallowing is represented in multiple regions of the CNS, including the 

primary sensory/motor cortex, insular, prefrontal/cingulate gyrus, and cuneus and 

precuneus region. Research demonstrates that deglutition actually involves a “large-scale 
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distributed network” and “the nature of this network helps to explain how so many 

neurological conditions produce dysphagia” (Zald & Pardo, 1999), rather than those

limited to the brainstem.  A positron emission tomography study (PET) examined 

regional cerebral blood flow during voluntary swallowing, lateral tongue movements (to 

control for movement), and rest.  They found that voluntary swallowing produced strong 

regional blood flow increase within the inferior precentral gyrus bilaterally, right insula, 

left cerebellum, and right temporal lobe (Zald & Pardo, 1999). Again, the putamen (basal 

ganglia) and the thalamus, which is part (basal ganglia circuitry) were active during 

swallowing.  (Zald & Pardo, 1999). A functional magnetic resonance imaging (fMRI) 

study examined deglutition during automatic saliva swallowing, voluntary saliva 

swallowing, and water bolus swallowing.  They found that automatic swallowing 

produced activation of the lateral pre- and post-central gyri, right insula, and superior 

temporal gyrus (Martin, Goodyear, Gati, & Menon, 2001).  Additional areas that were not 

as strongly activated include the superior temporal gurus, the middle and inferior frontal 

gyri, and the frontal operculum.  Voluntary saliva and voluntary water swallowing 

produced activation in the caudal anterior cingulate cortex.   Again, the focus has been 

primarily on the role of the brainstem or cortex for deglutition. However, there are 

imaging data that support that  the basal ganglia are clearly active during swallowing

(Zald & Pardo, 1999).  Since the basal ganglia are known to be involved in motor control, 

it is paramount that we better understand how they are involved in deglutition.

Timing and resolution of functional neuroimaging techniques are rapidly 

improving, but there continues to be a paucity of information specifically on the basal 
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ganglia and how they are involved in deglutition.  This is primarily due to 

methodological issues that limit our ability to integrate brain activation and observed 

behavior for a task such as swallowing (Park, Polk, Milkes, Taylor & Marscheutz, 2001). 

To elaborate, structures in the brain that are deep to cortical areas are difficult to analyze 

due to spatial resolution issues for deep central nervous system structures.  Furthermore, 

activities that occur in a short time, such as the pharyngeal stage swallow (500 

milliseconds) are difficult to pair in time with the hemodynamic response or regional 

metabolism response that is measured using neuroimaging.

The only current evidence available about the basal ganglia is that the putamen 

shows an increase in hemodynamic response during vegetative and voluntary swallowing 

(Martin, Goodyear, Gati, & Menon, 2001). However, it has not been demonstrated if the 

basal ganglia are activated in the planning stages before the oral stage commences, 

whether they remain active throughout all three stages of deglutition, if the nature of 

activation changes during the different stages of deglutition, or if the nature of the 

response changes with alterations of bolus volume or consistency. It is also unclear what 

specific structures of the highly complex basal ganglia system contribute to deglutition.

These parameters are important to study in order to make predictions of how the basal 

ganglia are involved in deglutition.  However, due to the timing and spatial resolution 

issues mentioned above, neuroimaging is not yet the most effective model for examining 

deglutition, especially for the pharyngeal swallow.
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Basal Ganglia and Parkinson Disease

The pathologic hallmark of PD is the degeneration of dopaminergic cells in the 

substantia nigra (SN) pars compacta and dopamine depletion in the striatum (Delong, 

1990; Wichman & Delong, 1996; Bergman & Deuschl, 2002 ).  Diagnosis of idiopathic 

PD is made after identification of the cardinal signs: rest tremor, bradykinesia, rigidity, 

and postural instability (Paulis & Jellinger, 1991; Kandell, Schwartz, & Jessell, 2000 p. 

767) and response to drugs that augment dopamine production or prevent dopamine 

breakdown (Langston, 1987; Burns, Chiuch, Markey, et al., 1983).   PD is likely related 

to abnormal activity in the basal ganglia, in circuits involving the basal ganglia, and the 

properties of basal ganglia/basal ganglia circuitry neurons (Albin, Young & Penny, 1989;

Delong, 1990; Wichman & Delong, 1996).

Loss of dopamine to the striatum affects both the Direct and Indirect pathways, 

resulting in negative signs (bradykinesia, akinesia, micrographia, hypophonia).  In the 

Direct pathway, loss of dopamine causes decreased activity of the striatum, causing 

increased activity in the globus pallidus internal segment (GPi), and more inhibition of 

thalamocortical targets than normally occurs.  In the Indirect pathway, loss of dopamine 

causes less inhibition of the striatum than normally occurs, which leads to more inhibition 

of the globus pallidus external segment (GPe).  This leads to less inhibition of the 

subthalamic nucleus (STN), so the GPi is not inhibited by the STN and causes inhibition 

of the thalamocortical targets when it should be disinhibited.  The Direct/Indirect 

pathway model is useful in understanding how loss of dopamine to the striatum can lead 

to more inhibition of thalamocortical targets and negative motor signs such as 
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bradykinesia and hypokinesia.  This model is the basis for pharmacological treatments

augmenting dopamine production and dopamine agonists and surgical treatments that

remove or reduce inhibitory output from the GPi.  However, this model does not account 

for imbalances in alternative neurotransmitters or other pathways in the basal ganglia that 

are heavily connected to brainstem areas such as the pedunculopontine nucleus (Mena-

Segovia, Bolam & Magill, 2004).

Other theories of PD describe the synchronization of typically asynchronous 

activity of neurons within the basal ganglia.  Normal activity in the basal ganglia is 

characterized by uncorrelated activity of neurons in the globus pallidus, which is the 

primary output structure of the basal ganglia (Paulis & Jellinger, 1991; Mardsen & 

Obeso, 1994; Berman & Deuschl, 2002).  Uncorrelated or unsynchronized activity is 

associated with normal functioning and is thought to underlie the manner in which the 

basal ganglia excite or inhibit motor patterns. With PD, these neurons lose their ability to 

keep pallidal neurons independently firing and their activity becomes synchronized.  This 

also leads to recruitment of other neurons within the basal ganglia that were previously 

firing independently.  In the basal ganglia, there are also inhibited cross connections 

between parallel subcircuits that may become over activated with PD.  This causes 

abnormal synchronous activity within the basal ganglia, preventing the basal ganglia 

from properly exciting and inhibiting motor programs, resulting in abnormal movement

(Berman & Deuschl, 2002).  This would impact the ability of the basal ganglia to 

correctly select motor plans appropriate to the task. The Action Selection theory (Mink, 

1996) postulates that when voluntary movement is generated by cortical or cerebellar 



29

networks, the basal ganglia inhibit competing motor actions and remove inhibition from 

desired motor actions (i.e., lateral inhibition).  Striatal dopamine depletion results in the 

inability to remove competing actions, and therefore may activate other muscle groups 

that are not part of the ideal motor actions Excessive co-contraction and temporal overlap 

in agonist/antagonist muscle groups was found in subjects with Parkinson Disease 

(Pfann, Buchman, Comella & Corcos, 2001).  Thus, treatment models are based on these 

theories attempt to ameliorate this abnormal activity and reduce the bradykinesia and 

hypokinesia associated with PD.

The majority of investigations of the basal ganglia and PD have focused on the 

motor system.  However, investigating the motor system independently from the sensory 

system would eliminate a major input contribution of the motor system.  In PD, sensory 

symptoms and complex sensorimotor disturbances, such as a decreased ability to 

integrate sensory information into motor acts (Schneider, Diamond & Markham, 1986)

was demonstrated.  The basal ganglia receive input from both sensory and motor 

trigeminal systems (Schneider, Diamond & Markham, 1986).  The basal ganglia are 

thought to gate sensory information to motor neurons.  It is possible that when there is 

damage to the basal ganglia circuitry that sensory gating systems may malfunction 

resulting in abnormal sensory input to motor areas resulting in abnormal movement.  In 

relation to deglutition, this would indicate that the basal ganglia would not ‘select’ the 

appropriate force and timing according to the bolus characteristic resulting in pharyngeal 

residue, as one example.  
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An example of this is illustrated by the work done by Schnieder and colleagues 

(Schneider, Diamond & Markham, 1986).  They investigated the oral-lingual-facial 

sensory and motor functions in subjects with PD compared with normal controls.  

Specifically, they tested the hypothesis that oral, lingual, and head movements would 

become more disordered when execution of the movements was primarily dependent 

upon somatosensory feedback.  Results showed that subjects with PD made significantly 

more errors on tests of jaw proprioception, tongue tactile location discrimination, gums 

and teeth tactile location discrimination, and targeted head movements on the basis of 

perioral sensory information and continuous perioral sensory feedback.    The subjects 

with PD did not report any overt sensory abnormalities.  These results suggest that with 

PD, sensory information may not be modulated appropriately by the internal gating 

system.  The trigeminal motor system may become under-excited because of enhanced 

striatal inhibition on the processing and gating of sensory inputs.  This would exacerbate 

the inhibition of the motor system and the inability to properly perceive and accurately 

reach targets (Schneider, Diamond & Markham, 1986). This is also observed in the limb 

motor system (Farley & Koshland, 2005). A natural inference from this study is that the 

same effects would be linked to the abnormalities observed in the oral stage of deglutition

that lead to reduced lingual movement and residue.

Studies have revealed that subjects with PD do have difficulty appropriately 

scaling the magnitude of arm muscle activation during voluntary movement, 

demonstrating the effects of bradykinesia and hypokinesia in movement (Beckely, et al., 

1993).  Limb voluntary movement most closely parallels the voluntary aspects of the oral 
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stage of deglutition.  Thus, it is evident that bradykinesia and hypokinesia are associated 

with decreased movement in many types of voluntary movement.

Postural control is a bilateral brainstem-mediated type of motor control and can be 

closely linked with the type of motor control seen in the pharyngeal stage of deglutition.  

Postural control is necessary for both internally generated movements and external 

interaction with the environment.  The postural deficits associated with PD include

falling in response to perturbation, retropulsion, and flexed and rigid postural stance 

(Mardsen, 1996).  Control of posture has some properties that are related to deglutition.  

For example, some aspects of postural control are determined by central control and 

others are driven by peripheral sensory inputs (Horak, Frank & Nutt, 1996).  Postural 

control for both internal and external perturbations results from “centrally organized 

patterns and the configuration of propioceptive inputs that sculpt responses for particular 

disturbances” (Horak, Frank & Nutt, 1996, p.2380).  The scaling of postural responses to 

perturbation relies heavily on afferent information to modify central set mechanisms that 

are in place based on previous experience (Horak, Frank & Nutt, 1996).  Furthermore, the 

“temporal pattern of muscle synergies, whether in response to an external displacement 

or in anticipation of a centrally generated movement, are similar in Parkinsonian patients 

and in control subjects, although Parkinsonian muscle activation patterns are not flexible 

with changing conditions of support” (Horak, Frank & Nutt, 1996). Like deglutition, 

people with PD retain the ability to respond to an external displacement (able to swallow 

larger bolus), but with lower response levels (residue and prolonged oral transit).
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  Speech is another type of motor control that involves bilateral brainstem control 

with a cortical component that can be likened to deglutition and is also affected by PD.  

The speech impairment that is characteristic of PD is hypokinetic dysarthria.  The most 

common signs and symptoms of hypokinetic dysarthria are: reduced pitch and loudness, 

monopitch, variable rate, short rushes of speech, imprecise consonants, and harsh/breathy 

vocal quality (Darley, Aronson & Brown, 1969a,1969 b; Logemann, Fisher, & Blonsky, 

1978).  PD has been shown to affect all three subsystems of the speech mechanism: 

respiratory, phonatory, and articulatory.  Respiratory system impairment during tidal 

breathing in PD was characterized as faster rest breathing rate, greater minute ventilation, 

and smaller relative rib cage contribution to lung volume change (Solomon & Hixon, 

1993).  Speech breathing in PD compared to normal controls was characterized by 

smaller rib cage and larger abdominal volume and fewer words per breath group 

(Solomon & Hixon, 1993).   Fox and Ramig (1997) found significantly lower sound 

pressure level (SPL) during speech and voice tasks compared to age-matched control 

subjects.  Laryngeal abnormalities are characterized by bowed vocal folds and a large 

glottic aperture during phonation (Hanson, Gerratt & Ward, 1984).  Logemann and 

colleagues characterize laryngeal dysfunction by breathiness, hoarseness, roughness and 

tremor (1978).  Additionally, reduced amplitude and firing rate of the thyroarytenoid 

muscles have been found (Baker, Ramig, Luschei & Smith, 1998).  Thus, bradykinesia 

and hypokinesia are again indicated in speech abnormalities.  It should be noted that the 

pattern of hypokinetic dysarthria is highly variable and dependent on many factors 

including disease severity, task type, and specific type of neural substrate that is affected 
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(Schultz & Granta, 2000).  This variability is also true of dysphagia.  In addition, the 

clinical severity of PD is not predictive of the severity of dysphagia (Ali, et al., 1996).

A common trait among the differing motor systems affected by PD is 

bradykinesia and hypokinesia causing the majority of signs and symptoms.  Comparing 

the signs of motor impairment of the limbs, posture, speech and voice can help us to 

better understand how PD affects deglutition.

Deglutition and Parkinson Disease

Dysphagia typically occurs in the mid-stage to late-stages of PD (Miller, 1999).  

Dysphagia is implicated in dehydration, malnutrition, pulmonary disease, and death.  The 

“gold standard” in dysphagia diagnosis, management, and research is videofluoroscopy 

(moving X-ray of deglutition using food and liquid mixed with a radio-opaque substance, 

“barium”), also called a “modified barium swallow study” (Logemann, 1996).  Although, 

other techniques such as ultrasound, endoscopy, and EMG are used to both study and 

diagnose dysphagia.   Dysphagia associated with PD can occur in all three stages of 

deglutition, although most research focuses on the oral and pharyngeal stages. Dysphagia 

in PD is an impairment of motility in the both the oral and pharyngeal stages, meaning 

difficulty forming the bolus and effectively transferring the bolus to the pharynx and 

esophagus.

Oral Stage Findings in PD:  The most common abnormalities in the oral stage of 

deglutition in individuals with PD are impaired mastication and lingual movements 

(Leopold & Kagel, 1996), increased number of swallows per bolus (i.e., piecemeal
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deglutition) (Bird, Woodward, Gibson, Phyland & Fonda, 1992; Nagaya, Kachi, Yamata 

& Igata, 1998), tongue pumping (Nagaya, et al., 1998; Leopold & Kagel, 1996; Bird, et 

al., 1992), premature or uncontrolled loss of bolus from the oral cavity (Nagaya, et al., 

1998), increased oral transit duration (Ertekin, Tarlacia, Aydogdu, Kiylioglu, Yuceyar, 

Turman, Secil, & Esmil, 2002; Nagaya, et al., 1998), decreased suction pressure (Nilsson, 

Ekberg & Hindfelt, 1996), and residue on the tongue and anterior and lateral sulci 

(Nagaya, et al., 1998).  

Pharyngeal Stage Findings in PD:  The most common abnormalities in the 

pharyngeal stage of deglutition are prolonged trigger of the pharyngeal swallow reflex 

(Ertekin, et al., 2002; Potulska, Friedman, Krolicki, Jedzejowski & Spychala, 2002;

Nagaya, et al., 1998; Fuh, Lee, Wang, Lin, Wang, Chang & Liu, 1997; Bird, et al., 1997) 

prolonged laryngeal movement (Potulska, et al., 2002), decreased pharyngeal contraction 

pressure (Ali, Wallace, Schwartz, DeCarle, Zagami & Cook, 1996), vallecular and 

pyriform sinus residue (Nagaya, et al., 1998; Fuh et al., 1997; Bird et al., 1997; Leopold 

& Kagel 1997) inability to adapt hyoid bone movement with changes in bolus 

characteristics (Wintzen, Badrising, Roos, Veilvove & Liauw, 1994), and aspiration 

(Nagaya et al., 1998; Leopold & Kagel 1997).

These signs of dysphagia in the oral and pharyngeal stages can be attributed to 

reduced movement (hypokinesia), slowness of movement (bradykinesia), and in the case 

of tongue pumping, hesitation of movement (akinesia).  More explicitly, impaired 

mastication and lingual movements, multiple swallows, and decreased suction pressure 

are likely due to reduced muscle force of the jaw and tongue.  Increased oral transit 
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duration is due to reduced force and overall slowness of lingual muscle action.  

Prolonged trigger of the swallow reflex is a more complicated issue and is probably due 

to some sensory abnormality.  Sensory deficits are associated with PD and likely 

contribute to decreased efferent output.  Prolonged pharyngeal transit and laryngeal 

movement are due to bradykinesia and/or hypokinesia of the pharyngeal, laryngeal, and 

suprahyoidal musculature and also probably a result of reduced lingual force driving the 

bolus.  Decreased pharyngeal contraction pressure and residue are again linked to 

reduced muscle force (hypokinesia).  Aspiration is more complicated, but likely due to 

the hypokinesia and bradykinesia affecting the larynx’s ability to elevate and adduct in 

time to protect the larynx

Given these signs and evidence that people with PD have a harder time adapting 

to bolus characteristic changes (Wintzen et al., 1994), the basal ganglia are implicated in 

the initiation of the oral preparatory and oral transit phases of the oral stage, and for 

modification of the oral and pharyngeal stage motor plans to adjust to changes in bolus 

volume and viscosity.  This role has been ascribed to the basal ganglia from evidence 

from neural disease that affects the basal ganglia, such as Parkinson Disease (Miller, 

1999).  Although characteristics of dysphagia related to PD are well-described in the 

literature, the role of the basal ganglia and its specific structures in normal deglutition and 

in dysphagia is still largely unknown.

Similar types of impairments (hypokinesia and bradykinesia) across the motor 

systems of deglutition, limb, posture, voice and speech suggests that the underlying 
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mechanisms of impairment are related.  It is postulated that the basal ganglia use sensory 

information to select appropriate motor patterns and inhibit others, as well as regulate 

muscle tone and postural control adjustments.  The basal ganglia are also implicated in 

goal directed and skilled movement and adjusting movement according to the 

environment.  In PD, this malfunction of the basal ganglia and their connections leads to 

decreased and slow movement.  However, this hypothesis has not been directly tested, 

especially with deglutition.  There are limitations to testing this hypothesis.  It is rare and 

unlikely that stimulat ion of the basal ganglia can be done in vivo in humans during a 

voluntary swallow during neurosurgery.  Further, animal models have not adequately 

examined the basal ganglia during swallowing. There are several available tools to allow 

us to study the basal ganglia.  Imaging, such as PET and MRI are a consideration.  

However, PET and MRI rely on vascular change in small vessels in cerebral circulation. 

Although spatial and temporal resolution are improving, designing a task and capturing 

the physiologic response to a swallow would be difficult since the pharyngeal swallow 

can occur in less than 500 milliseconds.  

Thus, we again return to disease models to test our hypotheses. The hemodynamic 

and metabolic responses could be comprised in states such as pathological change and in 

older individuals.  Thus, neuroimaging may not be the first choice in studying the role of 

the basal ganglia in deglutition.  The neurosurgical intervention, Deep Brain Stimulation, 

is a viable model for stimulating an area of the basal ganglia and comparing the motor 

response to when it is not stimulated.
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Deep Brain Stimulation as a Model for Studying Motor Control

Deep Brain Stimulation (DBS) is a surgical treatment for PD that places 

quadripolar electrodes in one of three locations:  1) the thalamus (currently less 

common), 2) the subthalamic nucleus (STN), or 3) the globus pallidus internal segment

(GPi) (Dostrovsky & Lozano, 2002).  Electrodes are typically placed bilaterally.  The 

electrode settings can be adjusted for voltage, current, pulse width and stimulus 

frequency by a programmer unit used by the physician in the clinic.  The DBS can also be 

turned off.  Turning the stimulator off and adjusting settings is routinely done in 

neurology clinics to assess function of and find optimal settings for DBS.  This is also

routinely done in research to investigate the effects of DBS on movement, cognition, and 

activities of daily living.   DBS is a newer technique that is often used in place of ablation 

surgeries because it causes less permanent damage to neural structures and can be 

modulated incrementally, thus providing optimal settings.  When the stimulator is turned 

on, it provides high-frequency stimulation to the neural area that is adjacent to the 

placement of the electrodes and causes decreased activity of these structures.  The 

selected placement of the electrodes is typically into the Globus Pallidus internal segment 

(GPi) or the subthalamic nucleus (STN), which excites the GPi.  These locations are the 

final common pathways to thalamocortical targets.  In PD, the GPi tends to be over-

active, causing increased inhibition. Thus, according to the Direct/Indirect Closed-Loop 

Model, stimulating (inhibiting) the GPi or STN releases thalamocortical targets from 

inhibition and alleviates motor symptoms (tremor, freezing, decreased ability to 

ambulate).  This leads to increased independence for activities of daily living (Thobois et 
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al., 2002).  Side effects of stimulation in these locations include: diploplia, dysarthria, 

increased drooling, and dysphagia.  These side effects are not well understood, but are 

suspected to relate to current spread to descending corticobulbar fibers and visual 

pathways that are in close proximity to the electrodes.

There are three major hypotheses of how DBS works which have been discussed 

by Montgomery and Baker (2002).  It should be noted that there is much debate regarding 

these theories and that true mechanism(s) are not well understood, although there is an 

agreement that the likely explanation of how DBS affects the nervous system is by 

inhibition of abnormally overactive neural activity (Penny & Young, 1983; Delong, 

1990). One theory is that a “depolarization blockade” of neurons prevents them from 

returning to a hyperpolarized state and reduces their ability to generate subsequent action 

potentials (Bergman, Wichman, Karmon, et al., 1994).  Another theory postulates that the 

stimulation causes a release of inhibitory neurotransmitters to the GPi, releasing the 

thalamocortical targets (Vitek, 1998). A third is that the high frequency stimulation 

provides a dysynchronization of abnormally synchronized neural activity, or “jamming” 

of pathological “noise” in the system (Montgomery & Baker, 2000).    Whatever the true 

mechanism(s) may be, the result appears to be a release of inhibition to the 

thalamocortical targets and an alleviation of hypokinesia and bradykinesia across motor 

systems.  Examining the effects of DBS on limb, posture, speech, and voice motor 

characteristics can provide some insight as to how DBS may affect deglutition.

DBS and Motor Changes in the Limbs: DBS of the GPi and STN both produce 

significant improvement of the motor symptoms of subjects (Brown, et al., 1999).  Upper 
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limb movement improves significantly in both GPi and STN; however, rigidity improves

more with STN stimulation.  Positive effects for the “on” condition have been found for

movement initiation time, movement time (duration), ability to perform repetitive 

movements, speed, and strength on finger tapping and peg placing tasks and isometric 

force production for strength.  The authors commented that these improvements were 

similar to those found with levadopa and provided further evidence that DBS affected  the 

Direct/Indirect Closed Loop circuit for the upper limbs (Brown, et al., 1999).  Although 

GPi and STN stimulation yielded similar abilities to improve motor performance on 

selective tasks, STN is often the preferred neural target for DBS since it is reportedly 

more effective in improving overall clinical signs and symptoms in PD (Brown, et al., 

1999).

Other kinematic parameters of upper and lower limb movements appear to be 

improved with bilateral STN DBS.  Limb movement in a drawing task was tested in four 

paradigms: 

1) Off medication + off DBS, 

2) Off medication + on DBS,

3) On medication + off DBS, and 

4) On medication + on DBS.  

Limb movement improved with STN stimulation; however, the most notable

improvement was the “on medication” and “on stimulation” paradigm (Carella, Genitrini, 

Bressanelli, Soliveri, Servello, Broggi, Piacentini, Geminiani & Girotti, 2001).  

Improvements were found for the Unified Parkinson Disease Rating Scale (UPDRS)
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motor scores, movement durations, and peak velocities.  These results were similar to 

those that found an improvement during a handwriting task during STN stimulation 

(Seibner, Ceballos-Baumann, Standhardt, Auer, Conrad, & Alesh, 1999).

DBS and Speech: Effects of GPi DBS on speech was examined in both the “on”

and “off” state in three men by Solomon and colleagues (Solomon, et al., 2000).  All 

three participants experienced improved limb motor function (improved mobility, 

reduced tremor, reduced dyskinesia) in the “on” state.  However, the effects on speech 

were variable.  Case 1 did not experience any significant change in the measured speech 

parameters: Assessment for Intelligibility of Dysarthric Speech (Yorkston & Beukleman, 

1984) and airflow and pressure measured during slow sustained vowels. Case 2 

developed marked hypophonia after neurosurgery that did not improve even in the 

unstimulated (DBS “off”) condition.  The combination of medication and DBS also lead 

to hypernasality, breathy voice quality, monoloudness, and articulatory imprecision.  

Case 3 demonstrated severe vocal strain and marked speech dysfluencies that disappeared 

in the “off” condition and responded favorably to medication in the “on” condition. 

These three case examples illustrate the complexity of understanding the basal ganglia 

circuitry in relation to speech.  The authors speculated that some of the variability could 

be related to subtle differences in individual anatomy, differences in electrode placement 

and DBS settings, medication, and disease state (Solomon, et al., 2000).  Since speech 

and deglutition share common structures (muscles and bones) and brainstem motor 

control, these case examples illustrate the need for further study of the effects of DBS on 

motor behavior.  
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Axial symptoms such as speech and postural control and general motor disability 

appear to be improved with bilateral STN DBS (Bejjani, et al., 1999). The Unified 

Parkinson Disease Rating Scale (UPDRS) was used to rate global motor disability, limb 

signs (limb tremor, rigidity, and akinesia), and axial motor symptoms (speech, neck 

rigidity, rising from a chair, posture, gait, and postural instability) in the conditions of 

“on” and “off medication” and “on” and “off DBS.” Results demonstrated that global 

motor disability improved 62% on stimulation compared to off stimulation/off 

medication.  Global motor disability also improved 80% on stimulation/on medication.  

Limb signs improved by 69%, but there was no effect of medication.  Axial signs overall 

improved 80% on stimulation and 84% on stimulation and medication.  There was a 

discrepancy in improvement, however.  For example, speech and neck rigidity displayed 

mild to moderate improvement with medication alone.  However, marked improvement 

occurred with stimulation and medication, whereas getting up from a chair and gait 

showed marked improvement for medication alone or stimulation and medication.  This 

suggests that there may be synergistic effects of stimulation and medication for speech 

(Bejjani, 1999).    However, the UPDRS items used to rate speech lack face validity and 

are not sensitive to the complexity of rating dysarthric speech. For example, the question 

on speech on the 5-point scale consists of: 0 = Normal, 1 = Slight loss of expression, 

diction, and/or volume, 2 = Monotone, slurred but understandable; moderately impaired, 

3 = Marked impairment, difficult to understand, and 4 = Unintelligible.  This does not 

capture the complexity of the speech subsystems nor the dysarthria associated with PD.

In other studies, medication did not appear to significantly or functionally affect the 
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parameters of voice and speech that were measured using instrumentation (Dromey, 

Kumar, Lang & Lozano, 2000).

There appear to be mixed results regarding the effect of STN stimulation on 

voice.  Dromey and colleagues analyzed acoustic recordings of voice in both “on” and 

“off stimulation” as well as “on” and “off medication” in subjects with PD (Dromey, 

Kumar, Lang & Lozano, 2000).  Significant improvements in limb motor performance

were demonstrated after surgery via a lowered UPDRS score.  They did find small, but 

statistically significant increases in sound pressure level (SPL) and fundamental 

frequency in response to stimulation in the medication “on” condition during sustained 

phonation and a self-generated monologue. Although these differences were significant, 

they were not related to functional change (i.e., we are unable to perceive a 1.1 dB SPL 

increase). No other significant differences were observed for amplitude tremor, frequency 

tremor, monologue intensity, or monolog intonation.  The authors hypothesized that 

speech and voice deficits associated with PD may not be as greatly affected by STN DBS 

as they are with levadopa.  This may suggest that the production of speech and voice 

involves the use of dopaminergic systems not directly affected by stimulation of the STN

(Dromey, Kumar, Lang & Lozano, 2000)  An explanation as to why speech responds to 

DBS differently than the limbs is that the limb and speech motor systems are 

fundamentally different (Dromey, Kumar, Lang & Lozano, 2000).  The limbs use 

corticospinal pathways, while speech uses corticobulbar pathways.  Furthermore, other 

neurotransmitters besides dopamine may be more important for speech than in the limb 

motor system.  However, medication may confound the effects of DBS on speech and as 
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stated above, comparing the effects of limb and speech to deglutition may not correlate in 

regard to motor control.

Oral force control “on” and “off STN stimulation” while fasting from medication 

was studied for the upper lip, lower lip, and tongue.  Measures obtained on these 

structures for those with PD under the two DBS conditions were compared to normal 

controls (Gentil, GarciaRuiz, Pollak & Benabid, 1999).  The measures included reaction 

time, peak force ramp, rise time, and static force control at .25, .5, 1, and 2 Newton, as 

well as maximal force.  Findings showed significant improvement in the stimulated 

condition in the UPDRS motor score, increased maximal force, shorter reaction time (but 

still longer than for controls), and increased precision of peak force.  Unstimulated (“off” 

condition) subjects tended to undershoot targets while stimulated (“on” condition)

subjects tended to overshoot targets.  These findings correlated well with limb studies of 

the same parameters (Gentil, GarciaRuiz, Pollak & Benabid, 1999).  It is unclear how 

these improvements in oral force and precision carry-over to speech and swallowing.  

There is no empirically-based direct connection between speech and voice function and 

deglutition; however, considering the effects of STN DBS on voice and speech could 

provide some insight into how DBS affects the oral, pharyngeal, and laryngeal functions 

that are important in deglutition.  Especially since voice and speech, like deglutition, are

primarily under bilateral brainstem control. One could hypothesize that improved force 

and precision would lead to improvement in articulation and deglutition; however, 

comparing speech to non-speech tasks and to deglutition is controversial, since the motor 

control of each may be distinct.
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It appears that DBS generally improves the bradykinesia and hypokinesia 

associated with PD.  However, it affects distinct types of movements differently.  This 

phenomenon helps to add to our understanding of motor control, PD, and the mechanism 

of DBS.  Furthermore, DBS has been demonstrated to be a good disease model for 

studying the motor system.

Rationale

The complexity of the basal ganglia circuitry has made understanding how 

movement is controlled for the limbs, posture, speech and deglutition difficult.  It appears 

that there may be different mechanisms in controlling these movements and this is 

probably the reason that there are differential effects of treatment on the quality of 

different types of movement.  While dysphagia is occasionally reported in the literature 

as a side effect of or a symptom that is improved with DBS, to date there are no 

controlled studies that examine the effect of DBS on deglutition.  Furthermore, the 

contribution of the basal ganglia circuitry to deglutition is poorly understood.  There 

seems to be a general trend that STN DBS improves maximal force, reaction time, ramp 

phase, and hold phase (precision) in oral structures.  These parameters are hypothesized 

to be important in bolus formation, bolus transit, and efficiency of the oral stage of 

deglutition.  It is unknown how DBS affects the pharyngeal stage of deglutition.  

Inferences of laryngeal function from studies of voice during DBS are mixed.  General 

trends vary from no improvement to significant improvement on voice measures.   It is 

unclear if these aspects of motor control would improve the overall quality of deglutition 
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as they improve in the limbs and (modestly) with posture and speech.  However, there 

seems to be a general trend that STN DBS improves bradykinesia and hypokinesia 

associated with PD.  The effect of medication, especially in conjunction with DBS, seems 

to confound this complex issue further.  Therefore, it is important to remove medication 

effects by having participants fast from medication for 12 hours before participating in 

motor testing.  DBS affords us the ability to systematically control stimulation to the 

STN, and observe the motor response during deglutition in the DBS ON and OFF 

conditions.  Systematically investigating the effect of DBS on deglutition is necessary to 

contribute to our understanding of how DBS affects deglutition and dysphagia in PD may 

provide a model for the role of the basal ganglia in deglutition.

Hypotheses:

1. There will be a significant improvement in oral stage measurements of deglutition 

between the DBS OFF and ON conditions.

2. There will be a significant improvement in pharyngeal stage measurements of 

deglutition between the DBS OFF and ON conditions.
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METHODS

Participants

Participants in this study included 12 males and 2 females diagnosed with 

idiopathic Parkinson Disease (PD).  All of the participants had undergone deep brain 

stimulation surgery (DBS) as a treatment for PD.  In addition, they were consented to 

participate in this study according to the project approval awarded by the University of 

Arizona Institutional Review Board.  Participants were selected based on the following 

inclusion criteria:  diagnosed with idiopathic PD by a neurologist, at-least 3 months post-

surgical implantation of DBS electrodes and internal pace generator units, and without 

head injury, stroke, head/neck cancer, Botox® injection near the larynx, nerve palsies, or 

other neurologic disease.  Participants fasted from PD-related medications for 12 hours 

prior to the study.  

The average age for the participants was 64 + 8 years, with an average of  11 +3 

years with a diagnosis of  idiopathic PD.  The average time post-surgery for DBS was 26 

+17 months.  The average Motor Score for the Unified Parkinson Disease Rating Scale in 

the DBS O N condition was 30 +17 and in the DBS OFF condition 55 +19, indicating 

that motor performance was worse in the DBS OFF condition (Table 1).



47

Table 1.  Participant Demographic Data

Note: Uni vs. Bi = Unilateral vs. Bilateral electrode placement, Mono vs. Bi = Monopolar 

vs. Bipolar current delivery, Stage = Hoehn & Yahr Severity Staging, UPDRS = Unified 

Parkinson Disease Ratting Scale Motor Scores.

Participant Age Sex PD type

Years  with 

PD

Months 

Post-

Surgery

Uni vs. 

Bi

Stage

H & Y UPDRS ON

UPDRS 

OFF

DBSSW01 71 M Tremor 10 3 bi 2 14 54

DBSSW02 71 M Tremor 10 42 Uni 2 9 32

DBSSW03 64 M freezing 9 36 Bi 3 46 58 

DBSSW04 48 M Tremor 16 6 Bi 4 52 73

DBSSW05 67 M freezing 17 47 Bi 3 36 68

DBSSW06 63 M Tremor 7 29 Uni 2 21 41

DBSSW07 61 M freezing 12 35 Uni 3 39 48

DBSSW08 67 F Tremor 15 40 Bi 4 43 75

DBSSW09 71 M Tremor 7 3 Bi 2 9 33

DBSSW10 67 M Tremor 10 24 Bi 3 28 48

DBSSW11 77 F Tremor 7 36 Bi 2 15 35

DBSSW12 67 M Tremor 10 3 Bi 2 21 44

DBSSW13 50 M Tremor 11 53 Bi 4 64 99

DBSSW14 60 M freezing 11 12 Bi 2 29 57
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Procedure 

Each participant underwent a screening interview (see Appendix C for details) 

and a trial with their DBS unit turned off to determine tolerance for the study.  In 

addition, two radiographic swallow studies using liquid and solid boluses, and standard 

ratings of movement quality were completed. 

Unified Parkinson Disease Rating Scale (UPDRS):  The Unified Parkinson 

Disease Rating Scale (UPDRS) (Appendix D) was administered prior to the experimental 

procedures to determine the impact of PD on the participants’ movement quality. The 

UPDRS is a 5-point rating tool to follow the longitudinal course of PD. The 5-point 

rating scale is anchored by definitions.  It is comprised of 3 sections including the 1) 

Mentation, Behavior, and Mood, 2) Activities of Daily Living, and 3) Motor sections.  

These are evaluated by interview and patient tasks.  Each question requires the patient to 

answer a question regarding their perception of impairment/symptoms and/or perform a 

motor task such as walking, speaking, pronating/supinating hands.  The rater observes 

these movements and assigns a ‘grade’ using the 5-point scale.  Some sections require 

multiple grades.  For example, the rater assesses the amount of rigidity in the neck and 

each of the extremities. A total of 199 points are possible with 199 representing the worst

or total disability, and zero representing no disability. 
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Items 18-31 of the UPDRS compose the Motor score and were used to compare the 

degree of motor impairment in the DBS ON and DBS OFF conditions within and 

between participants.  The complete UPDRS was administered during the DBS ON 

condition to identify the severity level of PD.  The DBS ON condition also represented

the ‘typical’ daily state of each participant. 

Hoehn and Yahr Staging of Parkinson Disease:  The Hoehn and Yahr Staging of PD

was also administered during the DBS ON condition to contribute to information 

regarding the severity level of each participant’s PD during their typical daily state.  The 

determination of PD staging using this instrument is defined below (adapted from Muller, 

et al., 2000):

Stage One: Mild unilateral signs/symptoms that are perceived as bothersome but not 

disabling, usually presents with unilateral tremor of a single limb, may include 

noticeable changes in posture, gait and facial expression.

Stage Two:  Bilateral signs/symptoms that are minimally disabling with, both posture 

and gait are affected.

Stage Three:  Significant bradykinesia, balance disturbance associated with walking 

and/or standing, generalized dysfunction that is moderately severe.

Stage Four:  Severe signs/symptoms, limited ambulation, rigidity and bradykinesia 

apparent, unable to remain independent for activities of daily living.
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Stage Five:  “Cachectic” stage, unable to ambulate or stand, requires constant nursing 

care. 

Videofluoroscopic Recording and Storage Equipment:  The equipment used to 

obtain digital fluorographic recordings was a Phillips Universal R/F EasyDiagnost Eleva 

(Side Number: 506208).  Videofluoroscopic images were processed by the Regis 

program (IBM Windows-based digital processing software) and were sampled at 30 

frames per second.  Digitized images were recorded by a Perkins Electronics DVD-R 

100, model PKP-02430-001 on Fuji DVD-R+ format digital video disks.  The stored 

images for each participant were then transferred to a Dell Experian Notebook Computer.

Videofluoroscopic Evaluation (VFE):  Once determined to be eligible for the 

study, each participant underwent a standard digital videofluoroscopic evaluation of 

swallowing using liquid and solid boluses.  Each study was recorded using real-time 

digital X-Ray of the structures involved in transporting a bolus from the oral cavity, 

through the aerodigestive pathway to the proximal 1/3 of the esophagus.  Each participant 

underwent this procedure under two conditions: with the DBS on and providing 

therapeutic electrical stimulation using settings pre-programmed by the Neurologist 

(DBS ON), and with the DBS units turned off, providing no therapeutic stimulation (DBS 

OFF).  A one-hour period separated each condition to allow for adjustment of the nervous 

system between the DBS ON and OFF settings.  The first participant was randomly 

assigned to begin with the DBS unit ON.  All subsequent participants were then assigned 
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to begin either ON or OFF every-other subject to counterbalance the design to control for 

order effects. 

During the VFE’s, each participant was seated in the lateral view, perpendicular 

to the videofluoroscopy X-Ray beam.  A 1.8 centimeter disk for calibration was taped to 

the skin overlying the approximate area of the C3-C4 vertebrae.  Each VFE was 

performed using 3 trials each of thin liquids and solids.  The thin liquid trials consisted of 

5 cubic centimeters (cc) and 10cc of water mixed with EZ-Paque Barium Sulfate 

Suspension (60% weight/volume in 25:75 water to barium ratio).  Solid trials consisted of 

seven grams of graham cracker coated with EZ-Paste Esophageal Cream.  Trials were 

administered in the following order: three trials of 5cc thin liquid, three trials of 10cc thin 

liquid, and three trials of solid.  Trials were not counterbalanced to test for order effects.  

The standard method for testing swallowing typically begins with thin liquid and 

progresses to more challenging bolus consistencies and volumes.  This allows an 

assessment of how well the individual adapts from a smaller to larger liquid bolus and 

from a liquid to a solid bolus.  A total of nine bolus trials were imaged during each study, 

for a total of 18 trials per participant  (9 trials x 2 conditions-DBS ON and DBS OFF). 

During testing, liquid and solid boluses were administered by the primary 

investigator as determined by the participant’s physical ability to deliver the bolus to the 

mouth.  For example, if the participant could feed his/herself independently, the examiner 

handed the participant the item.  If the participant was unable to independently deliver the 

bolus, the examiner assisted the participant accordingly. The participant was instructed to 
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swallow ‘as you would normally.’   Videofluoroscopic recordings were initiated during 

the oral preparatory (including mastication), oral transit, and pharyngeal stages of 

deglutition for each bolus, including boluses requiring multiple swallows.  Each 

condition lasted no more than 2.5 minutes (total less than 5 minutes), which is in 

compliance with the clinical practiced standards for videofluoroscopic evaluations.  

Participating in this study did not prevent the participant from undergoing any other 

medically necessary procedures involving radiation exposure.

Dependent Variable Measures

VFE digital recordings were transferred to the hard drive of the Dell Notebook 

using a standard DVD ‘data ripping’ software program in an MPEG4 video format at a 

sample rate of 30 frames per second.  This format allowed the digital video to be 

visualized in real-time, slow-motion, and a frame-by-frame analysis in QuickTime®. 

Each video was reviewed in these 3 formats for completing qualitative clinical judgments 

and for quantification of timing and distance measures related to deglutition.  Frequently, 

multiple swallows per bolus occurred.  This was noted as part of the qualitative measures 

(parameter is ‘swallows per bolus’). However, for the quantitative analysis, the first 

swallow was used to calculate pharyngeal transit time and maximal hyoid bone excursion

Qualitative Measures: Typical VFE evaluations allow several possible qualitative 

judgments that could be relevant to the current study.  Given that this is one of the first 

studies to evaluate DBS and its impact on deglutition, several qualitative observations 

could be predicted to demonstrate changes under each condition.  However, analysis of 
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several dependent variables on relatively few subjects would severely weaken the ability 

to reach conclusions.  Thus, qualitative data was transformed into a quantitative score to 

minimize the number of dependent variables for analysis without compromising 

descriptive data.  To achieve this, a five-point scale was devised to rate each qualitative 

parameter.  A rating of “0” indicated no abnormality and a rating of “4” indicated a 

profound impairment.  The ratings between 0-4 indicated incremental levels of severity. 

Each number also included a lexical description and/or definition with quantifiable 

numbers to aid in selecting the most appropriate rating. It is important to note that there 

may not be equal distances between each number in the five-point scale nor can it be 

assumed that each parameter has equal weight. However, the data appeared robust 

enough to overcome these ‘statistical violations.’ 

The qualitative parameters selected for study were associated with the oral or 

pharyngeal stages of deglutition.  Thus, the severity level assigned to each parameter 

contributed to a ‘composite’ score for the oral or pharyngeal stages for separate analysis.  

The oral and pharyngeal stages are controlled differently by the nervous system, and can 

be affected differently by PD and DBS.  Thus, this method of measurement and analysis 

was determined to best represent where observations of change would occur under the 

two DBS conditions.

The total number of parameters selected for each stage included five oral stage 

parameters, with a potential composite score from zero through twenty, and seven 
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pharyngeal stage parameters with a potential composite score from zero through twenty-

eight.  The specific qualitative parameters rated for the oral and pharyngeal stages are 

described for each stage below.

Oral Stage Parameters:

Number of swallows per bolus

0 1 swallow per bolus

1 2 swallows per bolus

2 3 swallows per bolus

3 More than 3 swallows per bolus

4 Unable to swallow bolus

Occurrence of Tongue pumping

0 No tongue pumping

1 1-2 

2 3-5 

3 Greater than 6

4 Tongue pumping prevents bolus transport

Reduced Tongue Movement
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0 Appropriate tongue movement to clear the bolus in a timely manner without 

residue

1 Mild decrease in “stripping” action and/or base of tongue retraction, but 

functional

2 Moderate decrease in “stripping” action and base of tongue retraction, resulting in 

decreased bolus transport and residue

3 Severe decrease in tongue movement leading to multiple swallows 

4 No bolus transport

Oral Residue

0 No oral residue

1 Mild oral residue, but less than 25% of bolus

2 Moderate oral residue, between 25-50% of bolus

3 Severe oral residue, greater than 50-75% of bolus

4 Profound oral residue, greater than 75%, unable to transport bolus to pharynx

Premature Spillage (before initiation of oral transport)

0 Bolus contained within oral cavity until transport

1 Less than 25% of bolus to valleculae before transport

2 Less than 50% of bolus to valleculae, or 25% of bolus to pyriform sinuses

3 50% or greater to pyriform sinuses, swallow triggered

4 50% or greater of bolus to pyriform sinuses, no swallow triggered 
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Pharyngeal Stage Parameters:

Decreased Velar Elevation

0 Complete velar elevation (‘knuckle’ characteristic)

1 Mild degree of decreased elevation, bolus contained within oropharynx

2 Moderate degree of decreased elevation and/or trace amounts bolus to 

nasopharynx

3 Severe degree of decreased elevation and frank amounts of bolus to nasopharynx

4 No velar elevation

Decreased Posterior Pharyngeal Wall Movement

0 Posterior pharyngeal wall approximate anterior aspects of the pharynx resulting in 

complete propulsion of the bolus

1 Mild decrease in PPW movement, but functional

2 Moderate decrease in PPW movement, impairs pharyngeal transport resulting in 

stasis and/or multiple swallows

3 Severe decrease in PPW movement, ineffective to transport bolus

4 No PPW movement

Penetration

0 No penetration
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1 Trace to mild amount of penetration to laryngeal vestibule, does not reach level of 

vocal folds and is ejected

2 Mild or moderate amount of penetration, does not reach level of vocal folds, is not 

ejected

3 Moderate to severe penetration to the level of the vocal folds that is not ejected

4 Majority of bolus penetrates to level of vocal folds and is not ejected

Aspiration

0 No aspiration

1 Trace-mild aspiration, may be ejected, not silent

2 Moderate aspiration that does/does not clear and is not silent, OR mild aspiration 

that is silent and does not clear

3 Moderate to severe aspiration that does not clear and is silent

4 Silent aspiration of entire bolus

Vallecular Residue

0 No residue

1 Less than 25% of bolus

2 25-50% of bolus

3 50-75% of bolus

4 75-100% of bolus
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Pyriform Sinus Residue

0 No residue

1 Less than 25% of bolus

2 25-50% of bolus

3 50-75% of bolus

4 75-100% of bolus

Upper Esophageal Sphincter Dysfunction

0 No UES dysfunction

1 Mild decrease in opening or timing of opening, majority to bolus passes without 

residue

2 Moderate decrease in opening resulting in moderate residue

3 Severe dysfunction resulting in severe residue and/or pharyngeal regurgitation

4 Profound dysfunction resulting in inability to transfer bolus to esophagus

Quantitative Measures:  Two quantitative measures were selected based on known 

parameters that are affected by PD:  pharyngeal transit time (Potulska, Friedman, 

Krolicki & Spychala, 2003; Ertekin, et al., 2002; Nagaya, et al., 1998) and maximal 

hyoid bone excursion (Wintzen, Badrising, Roos, Vielvoye, & Liauw, 1994).  

Furthermore, DBS is known to alleviate bradykinesia and hypokinesia in the control of 

limb movement (Thobois et al., 2002).  It is unknown how DBS affects more brainstem-

mediated motor events, such as swallowing. Therefore these variables were chosen to 
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determine if DBS changes the bradykinesia (pharyngeal transit time) and hypokinesia 

(maximal hyoid bone excursion) associated with swallowing and PD.

These measures were defined and used based on the work of Kendall, McKenzie, 

and Leonard (1997).  Their operational definition of pharyngeal transit time (PTT) was 

the duration of time in which the head of the bolus passes the posterior nasal spine until 

the PE segment closes and the bolus is fully in the esophagus.  This is measured in 

milliseconds (ms). PTT is clinically relevant in that the bradykinesia associated with PD 

would yield a longer PTT, and a longer PTT can lead to aspiration. DBS may serve to 

alleviate some of the bradykinesia leading to a shorter PTT.  In addition, PTT is 

unaffected by bolus volume, bolus  consistency, age, and sex, making it a relatively stable 

variable (Kendall, McKenzie & Leonard 1997).  PTT did not include trace amounts of 

‘leakage’ of the bolus over the base of the tongue to the pharynx if the head of the bolus 

remained in the oral cavity and the oral transport was not initiated.  However, if oral 

transport was initiated and the head of the bolus entered the pharynx before or during the 

pharyngeal stage (referred to as premature spillage), this was included in the PTT.

PTT was measured using a frame-by- frame analysis in QuickTime®.  Since the 

data were sampled at 30 frames per second, each frame is 33 milliseconds.  To calculate 

PTT, each frame was counted from the time in which the head of the bolus passed the 

posterior nasal spine until the pharyngo-esophageal segment (upper esophageal sphincter)
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closed and the bolus was in the esophagus.  This total number of frames was then 

converted to milliseconds.

The operational definition of Maximal Hyoid Bone Excursion (MHE) is the 

distance traveled by the hyoid bone from the rest position to the point of maximal 

excursion (Kendall, McKenzie & Leonard, 1997).  This is measured in centimeters.

Hyoid bone excursion changes with the degree of muscle activation, and is relevant to 

hypokinesia associated with PD. Reduced hyoid bone excursion is associated with 

vallecular and pyriform sinus residue, reduced/delayed opening of the PES, and potential 

airway compromise. Hyoid bone excursion is affected by sex, volume, and consistency

(Kendall, McKenzie & Leonard, 1997) and this will be taken into consideration in the 

statistical analysis.

Hyoid bone excursion was measured by overlaying two still frames captured from 

the VFE: one at rest and one at maximal excursion for each bolus.  These were chosen by 

advancing frame by frame and using Pixelmetrics® frame capture software.  The images 

were imported into Adobe Photoshop® and superimposed on one another by aligning the 

calibration marker and other radiographic markers (orbital cavity, posterior nasal spine).  

Then, a virtual ruler (J-Ruler®) was superimposed on the images.  Measurements were 

made from the anterior-inferior edge of the hyoid bone in the rest position to the anterior-

inferior edge in the maximal position.  This distance was made in centimeters.  The 

calibration marker is known to be 1.8 centimeters.  The calibration marker was measured 
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by the same ruler and the actual distance of the calibration marker was measured.  This 

was used to calculate the actual distance of hyoid bone excursion:

1.8 cm (actual distance)  =  real distance (cm)
measured calibration marker measured  distance

Reliability

Intrarater and interrater reliability was performed on 20% of the data selected at 

random for both the qualitative and quantitative measures.  Intrarater reliability was

evaluated based on measures performed by the primary investigator.  Interrater reliability 

was evaluated based on measures performed  by a certified Speech-Language Pathologist

with 17 years of dysphagia and videofluoroscopic evaluation of swallowing experience.  

The rater was blinded to the condition being judged or measured.  A point-to-point 

statistical analysis was done for the nominal data (qualitative measures) with parameters 

set at a 1:1 ratio.  For continuous data, the parameters were set to allow for some 

measurement variability due to the limitations of exact agreement for the methods used to 

measure these variables.  For the Pharyngeal Transit Time, the parameters were set as an 

absolute value of 33 milliseconds (one frame) as being acceptable variation.  This was 

chosen since 33 milliseconds represents only 3% of the time of the pharyngeal swallow 

and was deemed an appropriate amount of error.  For the Maximal Hyoid Bone 

Excursion measures, the parameters were set as an absolute value of .04 centimeters.  

Typical standard deviation in measuring hyoid bone excursion ranges from .19 to .90 

centimeters (Kendall, McKenzie & Leonard, 1997.  Thus, .04 centimeters was deemed a 

conservative amount of error.
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Statistical Analysis

Statistical analysis was completed using a 2x3x3 between-subjects analysis of 

variance (ANOVA) for each of the dependent variables (alpha < .05).  The independent 

variables represented the On/Off condition, the bolus condition (5cc liquid, 10cc solid, 

cracker), and the trial condition (3 trials per bolus).  Post-hoc testing for the significant 

main effects was performed using Bonferonni T-tests.  
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RESULTS

Reliability

Intrarater and Interrater reliability was tested using a point-to-point analysis.  For 

the qualitative data (nominal data) intrarater reliability was 98.2 % accurate.  Interrater 

reliability was 97.6% accurate.  For the quantitative measures, Pharyngeal Transit Time 

was 97.2% accurate and Maximal Hyoid Bone Excursion was 94.4% accurate.

ANOVA

A 2x3x3 repeated measures ANOVA was performed on each of the dependent 

variables:  oral total composite score (OTC), pharyngeal total composite score (PTC), 

pharyngeal transit time (PTT), and maximal hyoid excursion (MHE).  The independent 

variables were the DBS ON vs. DBS OFF conditions, bolus volume/consistency (5cc 

liquid, 10cc liquid, cracker solid), and trial (1, 2, 3).  Means and standard deviations for 

these variables are reported APPENDIX C. The ANOVA source tables are presented in 

APPENDIX D, p values for main effects and interactions are presented in table 2.  Alpha 

levels were set a priori at p<.05 and adjusted using a Bonferroni adjustment to account 

for the number of comparisons made in the post-hoc pairwise comparisons (see table 3).
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Table 2. ANOVA p-values for Main Effects and Interactions

OTC PTC PTT MHE

On/Off .164 .019* .000* .055

Bolus .000* .000* .001* .002*

Trial .026* .009* .001* .519

On/Off*Bolus .777 .102 .118 .442

On/Off*Trial .325 .336 .172 .405

Bolus*Trial .196 .473 .145 .344

On/Off*Bolus*Trial .599 .260 .432 .362

Note: OTC = oral total composite score.  PTC = pharyngeal total composite PTT = 

pharyngeal transit time.  MHE = maximal hyoid bone excursion. 

*indicates statistical significance at alpha < .05

Table 3. Post-hoc Bonferroni Adjusted T-Test p-values

OTC PTC PTT MHE

Bolus

5cc vs. 10cc .000* .027 1.00 .128

5cc vs. Solid .000 .012* .005* .000

10cc vs. Solid .004* .217 .000* .054

Trial 5cc vs. 10cc .103 .007* .002*

5cc vs. Solid .047 .000* .003*
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10cc vs. Solid .320 .018 1.00

Note: OTC = oral total composite score.  PTC = pharyngeal total composite PTT = 

pharyngeal transit time.  MHE = maximal hyoid bone excursion. 

*indicates statistical significance at an adjusted alpha < .05/3 = .017

Oral Total Composite Score

The oral stage total composite score was hypothesized to be higher (more 

impaired) in the DBS OFF condition than during the DBS ON condition.  No significant 

main effect was found for the DBS ON/OFF condition, F (1, 13) = 2.174, p = .164.   

However, a significant main effect was found for the bolus, F (2, 26) = 38.14, p = .000, 

and trial conditions, F (2, 26) = 3.35, p = .026.    No significant interactions were found.  

Thus, the oral composite score results were not achieved as predicted for the DBS 

condition

Post-hoc pairwise comparisons using Bonferroni t-tests (using a correction factor 

of .05/5 = .016) revealed significant differences between all bolus types (5cc and 10cc 

liquid, 5cc and cracker, and 10cc and cracker). The average oral composite score for the 

bolus condition  (see figure 1) shows that participants exhibited increased scores (more 

impairment) in the 10 cc condition compared to the 5 cc condition.  More impairment 

also was indicated for the cracker bolus compared to the 5 cc and 10 cc bolus conditions.   

These findings occurred regardless of the condition of DBS being “on” versus “off.”  .
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Figure 2. Oral Total Composite Score Means and Standard Deviations per Condition

Pharyngeal Total Composite Score

The pharyngeal composite score was hypothesized to be higher (more impaired) 

in the DBS OFF condition than the DBS ON condition.  A significant main effect 

occurred for the DBS ON/OFF condition, F (1, 13) = 7.106, p = .019.  In addition 

significant main effects were found for the bolus condition, F (2, 26) = 25.141, p = .000, 
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and the trial condition, F (2, 26 ) = 9.413, p = .000.  No significant interactions were 

found.  Based on the average pharyngeal composite scores obtained under each condition, 

more pharyngeal stage impairment was indicated in the DBS OFF condition.  This 

finding was consistent with the hypothesis regarding the pharyngeal composite score 

under each DBS condition.  

Post-hoc pairwise comparisons using Bonferroni t-tests (with a correction factor 

of .05/3 = .016) were conducted on the bolus and trial conditions.  Results of this testing 

revealed that there were significant differences between  bolus types 5cc and 10cc liquid 

and 5cc and cracker, but not for the 10cc and cracker.  The average pharyngeal composite 

scores for each bolus type (see figure 2) demonstrated worse scores for the 10 cc liquid 

than for the 5 cc liquid.  Likewise, increased (worse) scores were indicated for the 

cracker bolus than either the 10 cc or the 5 cc liquids.  This occurred regardless of DBS 

condition.  There were also significant differences between trial 1 & 3 for each bolus 

type.  The average pharyngeal composite scores for the trial conditions (see figure 2) 

demonstrated that the scores for trials 2 and 3 were worse than for trial 1.  However, trials 

2 and 3 scores did not significantly differ from each other.  Again, these findings were 

found regardless of DBS condition.



68

Figure 3. Pharyngeal Total Composite Score Means and Standard Deviations per 

Condition

Pharyngeal Transit Time

The pharyngeal transit time was hypothesized to be longer in the DBS OFF 

condition than the DBS ON condition.  A significant main effect was found for the DBS 
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ON/OFF condition, F (1, 13) = 104.886, p = .000.  In addition, significant main effects 

were found for the bolus condition, F (2, 26) = 16.375, p = .001, and the trial condition, F 

(2, 26) = 16.255, p = .000.  No significant interactions were found.  Based on the average 

pharyngeal transit times for each DBS condition, longer pharyngeal transit times occurred 

in the DBS OFF condition.  This finding was consistent with the hypothesis regarding the 

pharyngeal transit time under each DBS condition.  

Post-hoc pairwise comparisons using Bonferroni t-tests with a (correction factor 

of .05/3 = .016) were conducted.  Results of this testing revealed that there were 

significant differences between  5cc and cracker boluses, and 10cc and cracker boluses.  

The average pharyngeal transit times for each bolus type (see figure 3) demonstrated that 

the scores for the 10 cc bolus were worse than for the 5 cc bolus.  Likewise, the cracker

bolus scores were worse than those obtained for the 10 cc and 5 cc boluses.  This 

occurred regardless of DBS condition.  There were also significant differences between 

Trial 1 & 2 and Trial 1 & 3.  The average pharyngeal transit times for the trials (see 

figure 3) demonstrated a progressive worsening in pharyngeal transit times from the 1st to 

the 3rd trials.  This occurred regardless of the DBS condition.  
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Figure 4. Pharyngeal Transit Time Means and Standard Deviations per Condition

Maximal Hyoid Excursion

Maximum hyoid excursion was hypothesized to be greater in the DBS ON 

condition than for the DBS OFF condition.  No significant main effects were found for 

the DBS On/Off condition, F (1, 13) = 4.24 , p= .055.  However, the main effect for bolus 

condition was significant, F (2, 26) = 14.239 p = 002.  The main effect for trial condition 
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was not significant, F (2, 26) = .438, p = .519 .  No significant interactions were found.  

This finding was not consistent with the hypothesis regarding the maximum hyoid 

excursion under each DBS condition.  

Post-hoc pairwise comparisons using Bonferroni t-tests with a (correction factor 

of .05/3 = .016) were conducted.  Results of this testing revealed that mean maximal 

hyoid excursion was significantly different between the 5cc and cracker bolus. The 

average measures of maximal hyoid excursion (see figure 4) indicate that the hyoid bone 

displaced the furthest from rest between the 5cc and cracker bolus.

Figure 5. Maximal Hyoid Bone Excursion Means and Standard Deviations per Condition
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Qualitative Results 

This portion of the results will elaborate on the individual parameters that 

contributed to the oral total and pharyngeal total composite scores. As described in the 

methods section, these parameters were observed during the VFE and judged on a 5-point 

scale indicative of the degree of impairment of that parameter.  Although a 5-pointscale 

was used (0-4), the majority of the participants did not demonstrate the most profound 

“4” category, so it is not included as a column in the tables (see tables 5-13).  Each 

number in the table represents the number of participants from the total of 14 participants 

that demonstrated a rating for that particular parameter. 

 It should be noted that statistical analysis was not performed on the individual 

parameters that comprise the Oral Total Composite and Pharyngeal Total Composite 

Scores.  Rather, the raw data is presented here as a means to provide clinical information 

and trends for examination.  Therefore, when a parameter was found to “increase” or 

“decrease” this does not indicate statistical significance, just a report of the trends 

observed in the raw data.

Oral Stage Abnormalities

Swallows per bolus increased as the participants ingested more challenging boluses (5cc 

then 10cc of liquid, followed by solids).  This generally increased by trial within each 

bolus type, and increased between the ON and OFF conditions (see Table 4).  
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Instances of tongue pumping generally increased on more challenging boluses, as the 

trials progressed, and in the OFF condition (see Table 5).  

Reduced tongue movement appeared to be relatively similar between the ON and OFF 

conditions for the 5 cc and 10cc trials and did not vary per trial within each bolus type.  

Reduced tongue movement became more severe for the solid boluses and worse on the 

OFF condition. (Table 6).  

Oral residue did not increase as the trials progressed within each bolus type, but did 

increase as bolus type changed to a larger volume and then to solid, and was more severe 

in the OFF condition (Table 7).  

Premature spillage of the bolus before the initiation of bolus transport did occur to a 

greater degree for the 10cc boluses in the DBS ON and OFF conditions.  Otherwise, there 

were no observable differences.

Pharyngeal Stage Abnormalities

Decreased posterior pharyngeal wall movement as compared to that observed in a 

“normal clinical evaluation” occurred on average in 7/14 participants in the OFF 

condition for all bolus types and trials and on average in 4/14 participants in the ON 
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condition. According to the 5-point scale, the range was from a mild decrease in posterior 

pharyngeal wall movement (but functional) to a moderate decrease in posterior 

pharyngeal wall movement, impairing pharyngeal transport resulting in stasis and/or 

multiple swallows.

Decreased velar elevation occurred in 5/15 participants in both the ON and OFF 

conditions for all bolus types and trials. The severity ranged from 1-2 according to the 5 

point scale, indicating a mild degree of decreased elevation with the bolus contained 

within oropharynx to a moderate degree of decreased elevation and/or trace amounts of 

the bolus to nasopharynx.

Penetration occurred in the OFF condition for all of the 5cc bolus trials, but not in the 

ON condition.  Penetration occurred for the 10cc boluses, in both the ON and OFF 

conditions, but to a greater extent in the OFF condition.  No penetration occurred for the 

solid boluses in the ON or OFF conditions (Table 8).

Aspiration occurred for the 5 cc bolus in the OFF condition and for the 10cc boluses in 

the OFF and ON conditions to approximately the same extent.  No aspiration occurred in 

the solid trials for the ON or OFF conditions (Table 9). 
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Vallecular residue became more severe as the bolus volume increased and consistency 

changed to solid, as well as more severe in the OFF condition.  However, severity did not 

seem to be affected as trials progressed within each bolus condition (Table 10).

Pyriform sinus residue became more severe as the bolus volume increased and 

consistency changed to solid, as well as more severe in the OFF condition.  However, 

severity did not seem to be affected as trials progressed within each bolus condition 

(Table 11).

Upper esophageal sphincter dysfunction became more severe as the bolus volume 

increased and consistency changed to solid, as well as more severe in the OFF condition.  

However, severity did not seem to be affected as trials progressed within each bolus 

condition (Table 12).
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DISCUSSION

The purpose of this study was to examine the effects of Deep Brain Stimulation 

(DBS) of the Subthalamic Nucleus (STN) on the oral and pharyngeal stages of 

deglutition in participants with Parkinson Disease (PD).  Videofluoroscopy was 

employed to look at oral stage clinical features (Oral Total Composite Score), pharyngeal 

stage clinical features (Pharyngeal Total Composite Score), pharyngeal transit time, and 

maximal hyoid bone excursion.  The consistencies used were three trials each of 5cc of 

water, 10cc of water, and seven grams of graham cracker (Bolus Condition).  This was 

done with the DBS turned on providing therapy (DBS ON) and with the DBS turned off 

returning to ‘normal’ disease state (DBS OFF).  Participants fasted from Parkinson 

Disease related medications for 12 hours prior to the study.

It was hypothesized that there would be a difference for the dependent variables 

between the DBS ON and DBS OFF conditions.  Specifically, it was hypothesized all 

variables would show an “improvement” in the DBS ON condition.  As part of the study 

design, bolus and trial independent variables were added as levels in the Analysis of 

Variance.

Only two of the four independent variables showed statistically significant 

differences between the DBS ON and OFF conditions that were consistent with our 

hypothesis: pharyngeal total composite score and pharyngeal transit time.  This indicates 

that DBS improves motor function to pass the bolus through the pharynx without as many 

abnormalities seen in the OFF condition and in a timelier manner than in the OFF 
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condition.  Thus, it appears that DBS does improve the pharyngeal stage of deglutition to 

some degree.

It was not anticipated that there would be main effects for the trial condition, 

since each participant ingested only three boluses per consistency.  However, there were 

trial effects for all four dependent variables.  This effect may be related to variability in 

task that is commonly seen among and within people with Parkinson Disease 

(Fleischman, Wilson, Bienias, Bennett, 2005; Yogev, Giladi, Peretz, Springer, Simon, &

Hausdorff, 2005).  However, since variability would likely present as a more random 

pattern, the trial effect can be attributed to fatigue effects that resulted from a progressive 

worsening of parameters as trial and bolus conditions progressed, which would then be 

considered an order effect

There were also significant main effects for the bolus condition, which was not 

surprising.  It was anticipated that more abnormalities would emerge with the larger 

liquid bolus volume and with the solid bolus, as these are more difficult consistencies to 

masticate and propel into the esophagus.  Furthermore, it has been demonstrated that the 

characteristics of deglutition adapt to changes in bolus volume and consistency (Ertekin, 

et al., 1997).  That is, the cortical and subcortical structures of the CNS are thought to 

contribute to adaptations to pharyngeal muscle contraction observed during the swallow.  

These changes typically include modifications in the amplitude and duration of muscle 

contraction.  Typically, larger bolus volumes and solid boluses require larger amplitudes 

of muscle contraction for longer durations.  The basal ganglia would be expected to 

contribute to these adaptations.  Thus, the larger liquid volume and solid boluses were 
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included to determine whether there were differences in the ability to successfully 

swallow them under each DBS condition. Although significant differences were found 

for the bolus conditions, they appeared unrelated to DBS condition.  Thus, it remains 

unclear what contribution the basal ganglia make to the observed adaptations to different 

bolus volumes and consistencies.   

Oral Stage Control of Deglutition

Deep brain stimulation of the subthalamic nucleus does not appear to significantly

improve the oral stage of deglutition, as no statistically significant differences were found 

for the main effects of DBS ON vs. DBS OFF for the Oral Total composite Score, which 

was not consistent with our hypothesis.  The results for this variable only demonstrated 

significant main effects for the Trial and Bolus conditions.   These results can be 

attributed to effects of fatigue and the inability to adapt to changes in bolus consistency.  

This decline in performance with trial and bolus over time could be an important clinical

feature of dysphagia associated with Parkinson Disease.

The most salient parameters associated with the worsening of the OTC were the 

number of swallows per bolus (that were increased per trial, bolus and in the OFF 

condition), the frequency of tongue pumping with the solid boluses, decreased tongue 

movement (especially as the trials progressed, with the solids, and in the OFF condition), 

the amount of oral residue (again especially as the trials progressed, with the solids, and 

in the OFF condition).  Premature spillage did not seem to contribute to the differences 

among the Trial, Bolus, or ON/OFF conditions.  It should be noted that although there 

were no main effects for the ON/OFF condition, means were generally higher (more 



79

impairment) in the OFF condition so they are included in this discussion. It is important 

to note that the motor control for the oral stage of deglutition is different from that of the 

pharyngeal stage in that it is under more “voluntary” motor control and this may account 

for the discrepancy in improvement between the two stages.  According to the 

Direct/Indirect Closed Loop Model, stimulation of the subthalamic nucleus would 

theoretically “release” thalamocortical targets from abnormal inhibition and alleviate 

bradykinesia and hypokinesia (improve the oral stage of deglutition).  However, since 

this was not observed, it appears that there are other connections from the basal ganglia to 

brainstem structures such as the peduncilopontine nuclei and other brainstem efferents 

that may affect oral stage deglutition and are not accounted for in this model.

Pharyngeal Stage Control of Deglutition

Deep Brain Stimulation of the subthalamic nucleus appears to improve the 

pharyngeal stage of deglutition, as evidenced by significant improvement in Pharyngeal 

Total Composite Score  and Pharyngeal Transit time between the DBS ON and OFF 

conditions. Significant main effects were also observed for the Bolus and Trial conditions

and no interactions were found.  The participants  demonstrated worse scores in the DBS 

OFF condition compared to the DBS ON condition.  More penetration of the bolus 

occurred in the DBS OFF condition, with 4/14 participants demonstrating trace amounts 

of penetration into the laryngeal vestibule that was ejected, 3/14 participants with mild-

moderate amounts the bolus penetrating to the level of the vocal folds that was not 

ejected, and 1 participant that demonstrated severe penetration to the level of the vocal 
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folds that was not ejected.  Penetration also occurred in the DBS ON condition, but to a 

lesser degree.  One participant demonstrated severe penetration of most of the bolus that 

was not ejected.  However, this participant had a known history of dysphagia prior to 

DBS surgery.  Laryngeal penetration generally occurred on the 5cc and, to a greater 

extent, on the 10cc liquid boluses in the OFF condition and only the 10cc liquid in the 

DBS ON condition.

Aspiration of the bolus occurred in both the DBS ON and DBS OFF conditions, 

but to a greater extent in the DBS OFF condition.  Aspiration occurred only in the 10cc 

bolus condition in 3/14 participants in the DBS ON condition and was of a trace or mild 

degree that was ejected.  Aspiration occurred in both the 5 and 10cc bolus conditions in 

6/14 participants in the DBS OFF condition and was of a trace or mild degree that was 

not silent and in 1 participant that did not clear and was silent.  The amount of aspiration 

that occurred in this study was to a lesser degree than found in others (Nagaya et al., 

1998, Leopold & Kagel, 1997).  This may be due to the fact that the boluses delivered 

were relatively small (5cc and 10cc).  Aspiration would be more likely to occur with 

larger boluses or cup drinking.

Residue of the valleculae and pyriform sinuses appeared to contribute greatly to 

the pharyngeal stage scores being worse across the different boluses (10cc worse than 

5cc, solid worse than 10cc and 5cc), across trials, and worse in the DBS OFF condition.  

Upper esophageal dysfunction also occurred in the form of a decrease in opening or 
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timing of opening, resulting in pharyngeal residue. This was worse with the larger liquid 

bolus an in the DBS OFF condition. 

Pharyngeal transit time was significant for the DBS ON/OFF condition, which 

was consistent with our hypothesis. That is, PTT was shorter in the DBS ON condition. 

Prolonged PTT in the OFF condition was likely due to bradykinesia and/or hypokinesia.  

PTT in the DBS ON condition approximated PTT’s in normal subjects reported by 

Kendall, McKenzie & Leonard (1997, p. 108).  Typically, PTT does not change across 

different bolus sizes and consistencies, but it did with those with PD and was more 

variable in the DBS OFF condition.  It is hypothesized that the participants had a harder 

time ‘scaling’ their motor response based on proprioceptive feedback.  Each type of bolus 

had a different volume and/or consistency, requiring a certain amount of force and timing

of muscle contraction to move the bolus through the pharynx in a timely manner.  The 

afferent information in the form of touch and proprioception sets up the motor plan to 

achieve this.  In ‘normal’ individuals, PTT does not vary.  It appears that with Parkinson 

Disease, the nervous system did not adapt to these changes yielding more variable times, 

especially in the DBS OFF condition. This is consistent with the findings of in studies of 

the face and oral musculature (Schneider, Diamond & Markham, 1986) and in limb 

movements (Beckely, et al., 1993).  

However, the results suggest that stimulation of the subthalamic nucleus may 

indeed excite thalamocortical or brainstem targets to sufficiently overcome the 
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bradykinesia and hypokinesia associated with Parkinson Disease and return the 

pharyngeal stage motor patterns approximating those of “normal” deglutition.

However, the degree of hyoid bone excursion did not improve with stimulation of 

the subthalamic nucleus, as other parameters of the pharyngeal stage did. No significant 

effects were found for maximal hyoid bone excursion between the DBS ON and DBS 

OFF condition, which is inconsistent with our hypothesis.  There was a significant 

finding for the Bolus condition.  There are several factors that could have prevented 

finding a difference between DBS conditions.  The most likely is the degree of variability 

found within and among participants and trials.  When examining the raw data and 

means, there were no observable trends to offer an explanation for this phenomenon.   

McKenzie & Leonard (1997, p. 115) reported increased hyoid displacement with an 

increase in bolus size and increase in bolus viscosity, as well as a difference between men 

and women.  Since there were only 2 females in this study, sex was not an examined 

parameter.  However, it was not found that hyoid excursion necessarily increased with 

increased bolus volume or viscosity.  Again, this could be based on the fact that 

participants with PD have less of an ability to adapt motor plans based on proprioceptive 

feedback.  The range of maximal hyoid excursion in centimeters did fall within the range 

reported McKenzie & Leonard (1997, p. 108).  Additionally, as with the oral stage 

parameters, stimulation of the subthalamic nucleus may not have targeted the neural 

pathways underlying the control of hyoid bone movement.
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Models of Basal Ganglia for Deglutition

The basal ganglia are a complex structure and our understanding of their 

pathways and contribution to motor control is poorly understood, especially in regard to 

deglutition.   In the Direct/Indirect Closed Loop Model, DBS of the subthalamic nucleus 

affects the final common pathway to thalamocortical targets, alleviating bradykinesia and 

hypokinesia.  However, this model does not take into account other known pathways and 

connections to the brainstem that are not necessarily mediated by dopamine, such as the 

pedunculopontine nucleus or related structures in the medulla (Hunter, Crameri & Austin, 

1997).  Thus, it is important to consider that the limited findings in the oral stage and to 

some degree the pharyngeal stage (hyoid bone excursion) may be due to the fact that 

these oral stage motor acts and hyoid bone excursion are controlled differently by the 

basal ganglia then those associated with the pharyngeal stage.  Figure 9 is a schematic of 

the Direct/Indirect Closed Loop Model with the addition of other known basal ganglia 

connections that may be involved in the control of deglutition and help to account for the 

different findings in the different stages of deglutition. 
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Figure 10.  Proposed Model of Basal Ganglia Circuitry for Deglutition

Limitations

Originally, the study was designed to mimic a clinical exam by starting with the 

‘easiest’ bolus consistency (5cc liquid), increasing volume (10cc), and then changing the 

consistency to solid.  Thus, we may have attributed the worsening of the measures to 

fatigue and missed an order effect.  To elaborate, the general trend was that most 

measures worsened (became more disordered) as both trial and bolus consistency 
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progressed.  The poorer performance on the cracker bolus could be that it was also the 

last of the trials out of nine and may be attributed to fatigue rather than bolus 

characteristics.  Thus, in future studies it would be wise to control for order effects as 

well.

A second limitation to the study is the relatively low number of subjects and 

disproportion of male to female ratio (12:2).   There are differences between males and 

females in regard to rigidity, activity of daily living capacity, and dyskinesia (Baba, 

Putzke, Whaley, Wszdek, & Uitti, 2005).  Thus, there may be differences in deglutition 

patterns between males and females that were unable to be tested with this study’s 

sample. 

Another factor to consider is that both unilateral and bilateral DBS of the STN 

were included but not controlled for in the study due to the small sample size.  Although 

the basal ganglia have bilateral projections to the brainstem and swallowing is a 

bilaterally controlled event, this may be a consideration in a future studies.  Although 

clinical severity of PD is not predictive of the severity of dysphagia (Ali, et al., 1996), 

other factors of PD such as prior history of dysphagia, dependency on medications, age,

sex, and dysarthria severity may be included in the analysis as grouping factors with a 

larger sample.

Participants were evaluated in the “off medication” state as the goal of this study 

was to examine how stimulation of the STN affected the oral and pharyngeal stages of 

deglutition.  Since there are inconsistent findings with the effects of medication on speech 

and swallowing, it was decided to eliminate medication as a potential source of 
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variability.  There are inconsistent findings on the effects of levadopa on speech 

production and oral kinematics.  Although it is a ‘slippery slope’ to liken speech to 

swallowing, indications of what happens to speech may help us predict what happens to 

the swallow. Physiologic studies investigating labial kinematics demonstrated a shorter 

period of time between the initiation of labial movement and speech and increased speed 

and symmetry of labial activity (Nakano, Zubick & Tyler, 1973).  However, other studies 

found no difference between the on and off medication states in measures of vocal 

intensity, fundamental frequency, and vocal quality (Daniels, Oates, Phyland, Feiglin & 

Hughes, 1996).  Similarly, Solomon & Hixon (1993) did not find any differences in 

speech breathing measures on and off levadopa.  No differences were found in vocal 

stability or vocal fold movement due to levadopa in subjects with PD (Larson, Ramig & 

Scherer, 1994). 

The effect of levadopa on deglutition has also been studied.  One group found a 

50% improvement on swallow measures using videofluoroscopy on levadopa (Fuh, Lee, 

Wang, Lin, Wang, Chiang, &  Liu, 1997).  Others found that dyskinetic patients 

(indicating high levels of levadopa) performed better on the oral stage of deglutition 

(Monte, daSilva-Junior, Braga-Neto, Nobre e Souza & Sales de Bruin, 2005).  Yet 

another group found few significant responses in the oral or pharyngeal stages of 

deglutition with levadopa or subcutaneous apomorphine (Hunter, Crameri, Austin, 

Woodward & Hughes, 1997).  Thus it appears that the effects of dopaminergic 

medications is variable.  However, there may be a synergistic effect of medication with 
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DBS that was not examined in this study.  Furthermore, other medications, such as 

COMT and ACE inhibitors have not been examined.

A final consideration would be to compare those with Parkinson Disease and DBS 

in the ON and OFF condition to those of age-matched controls to determine the degree of 

improvement observed with DBS to normative data.

Conclusions

Findings of this study demonstrated that DBS in the ON condition helps to 

alleviate some of the bradykinesia and hypokinesia associated with PD on the pharyngeal 

stage of deglutition, as the participants demonstrated improvement on the pharyngeal 

total composite score and pharyngeal transit time.    Dysphagia is occasionally reported 

as a side affect of DBS and it is likely due to current spread to corticobulbar fibers and 

not a result of the treatment effects.  Although not statistically significant, it also appears 

that oral stage deglutition is to a degree improved in the DBS condition.  The fact that 

oral stage parameters did not appear to improve in the DBS ON condition may be due to 

the high amount of variability among participants, or that the oral stage is mediated 

through differing basal ganglia connections.

The Trial and Bolus Effects that were found in this study are important to note, as 

they may reflect a fatigue that is occurring, even in the small number of trials (9 for each 

condition).  This progressive decline in performance could be a critically important 

feature of Parkinson Disease and merits further investigation.
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These findings suggest that Parkinsonian swallowing dysfunction is not solely 

related to nigrostriatal dopamine deficiency which is purported to be the primary means 

of DBS alleviation of motor signs and may be due to an additional non-dopamine related 

system of deglutition found in the  brainstem, such as the pedunculopontine nucleus or 

related structures in the medulla (Hunter, Crameri & Austin, 1997).  Thus, it is paramount 

that we examine other structures and the connections of the basal ganglia and its circuitry 

to continue to shape our understanding of the role of the basal ganglia in deglutition.
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APPENDIX A: INTERVIEW

Deep Brain Stimulation/Deglutition Interview & Medical Record Review

Participant #__________ Date__________ Interviewer________

A. Qualification Screening

1.What is your Date of Birth?

2. Have you had any of the following:  head injury, stroke, head/neck cancer, 
Botox injection near the larynx, nerve palsies, other neurological  disease?

B. History

1. When were you first diagnosed w/ PD?

2. What were your first symptoms?

3. What other symptoms have you had?

4. When was your surgery?  Where was it?  

5. Who performed your surgery?  Who else consulted with you?

6. Where are the stimulators placed?  What is the voltage and frequency

7. Do you have any side effects?

8. What medications are you currently taking (name, dose, time)?  Do you have any 
side effects?

9. Do you have any swallowing difficulties?

10.   (DBS is off)  Are you able to tolerate the DBS off?  Do you wish to stop and   
have your DBS turned back on?

11.  Administer parts of UPDRS.

DBS settings:         

R (controls L ):
L  (controls R):
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APPENDIX B: UNIFIED PARKINSON DISEASE RATING SCALE

I.  Mentation, Behavior, and Mood
1.  Intellectual Impairment

0 = None.
1 = Mild.  Consistent forgetfulness with partial recollection 
      of events and no other difficulties.
2 = Moderate memory loss, with disorientation and 
      moderate difficulty handling complex problems.  Mild 
      but definite impairment of function at home with need 
      of occasional prompting.  
3 = Severe memory loss with disorientation for time, and 
      often to place.  Severe impairment in handling 
      problems.
4 = Severe memory loss with orientation preserved to 

person only.  Unable to make judgments or solve problems.     
Requires much help with personal care.  Cannot be left alone        
at all.

2.  Thought Disorder (Due to dementia or drug intoxication)
0 = None.
1 = Vivid dreaming.
2 = “Benign” hallucinations with insight retained.
3 = Occasional to frequent hallucinations or delusions; without
      insight; could interfere with daily activities.
4 = Persistent hallucinations, delusions, or flond psychosis.  Not
      able to care for self.

3.  Depression
0 = Not present.
1 = Periods of sadness or guilt greater than normal, never 
      sustained for days or weeks. 
2 = Sustained depression (1 week or more).
3 = Sustained depression with vegetative symptoms (insomnia, 
      anorexia, weight loss, loss of interest).
4 = Sustained depression with vegetative symptoms and suicidal 
      thoughts or intent.

4.  Motivation/Initiative
0 = Normal.
1 = Less assertive than usual; more passive.
2 = Loss of initiative or disinterest in elective (nonroutine)
      activities.
3 = Loss of initiative or disinterest in day-to-day (routine) 
      activities.
4 = Withdrawn, complete loss of motivation.

II.  Activities of Daily Living (For both “on” and “off”)
5.  Speech

0 = Normal.
1 = Mildly affected.  No difficulty being understood.
2 = Moderately affected.  Sometimes asked to repeat statements.
3 = Severely affected.  Frequently asked to repeat statements.
4 = Unintelligible most of the time.

6.  Salivation
0 = Normal.
1 = Slight but definite excess of saliva in mouth; may nave 
      nighttime drooling.
2 = Moderately excessive saliva; may have minimal drooling.
3 = Marked excess of saliva with some drooling.
4 = Marked drooling; requires constant tissue or handkerchief.
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7.  Swallowing
0 = Normal.
1 = Slightly slow or small.
2 = Moderately slow or small; all words are legible.
3 = Severely affected; not all words are legible.
4 = The majority of words are not legible.

9.  Cutting food and handling utensils
     0 = Normal.

1 = Somewhat slow and clumsy, but no help needed.
2 = Can cut most foods, although clumsy and slow; some
      help needed.
3 = Food must be cut by someone, but can still feed slowly.
4 = Needs to be fed.

10.  Dressing
0 = Normal.
1 = Somewhat slow, but no help needed.
2 = Occasional assistance with buttoning, getting arms in
      sleeves.
3 = Considerable help required, but can do some things alone.
4 = Helpless.

11.  Hygiene
0 = Normal.
1 = Somewhat slow, but no help needed.
2 = Needs help to shower or bathe; or very slow; some help
      needed.
3 = Requires assistance for washing, brushing teeth, combing
      hair, going to bathroom.
4 = Foley catheter or other mechanical aids.

12.  Turning in bed and adjusting bedclothes
0 = Normal.
1 = Somewhat slow and clumsy, but no help needed.
2 = Can turn alone or adjust sheets, but with great difficulty.
3 = Can initiate but not turn or adjust sheets alone.
4 = Helpless.

13.  Falling (Unrelated to freezing)
0 = None.
1 = Rare falling.
2 = Occasionally falls, less than once per day.
3 = Falls an average of once daily.
4 = Falls more than once daily.

14.  Freezing when walking
0 = Normal.
1 = Rare freezing when walking; may have start hesitation.
2 = Occasional freezing when walking.
3 = Frequent freezing.  Occasional fails from freezing.
4 = Frequent falls from freezing.

15.  Walking
0 = Normal.
1 = Mild difficulty.  May not swing arms or may tend to drag leg.
2 = Moderate difficulty, but requires little or no assistance.
3 = Severe disturbance or walking, requiring assistance.
4 = Cannot walk at all, even with assistance.

16.  Tremor (Symptomatic complaint of tremor in any part of body)
0 = Absent.
1 = Slight and infrequently present.
2 = Moderate; bothersome to patient.
3 = Severe; interferes with many activities.
4 = Marked; interferes with most activities.

17.  Sensory complaints related to parkinsonism
0 = None.
1 = Occasionally has numbness, tingling, or mild aching.
2 = Frequently has numbness, tingling, or aching; not distressing
3 = Frequent painful sensations.
4 = Excruciating pain.
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III. Motor Examination
18.  Speech

0 = Normal.
1 = Slight loss of expression, diction, and/or volume.
2 = Monotone, slurred but understandable; moderately impaired.
3 = Marked impairment, difficult to understand.
4 = Unintelligible.

19.  Facial Expression
0 = Normal.
1 = Minimal hypomimia, could be normal “poker face.”
2 = Slight but definitely abnormal diminution of facial expression.
3 = Moderate hypomimia; lips parted some of the time.
4 = Masked or fixed facies with severe or complete loss of facial expression; 
      lips parted ¼  inch or more.

20.  Tremor at rest (heat, upper and lower extremities)
0 = Absent.
1 = Slight and infrequently present.
2 = Mild in amplitude and persistent.  Or moderate in amplitude, but only 
      intermittently present.
3 = Moderate in amplitude and present most of the time.
4 = marked in amplitude and present most of the time.

21.  Action or postural tremor of hands
0 = Absent.
1 = Slight; present with action.
2 = Moderate in amplitude; present with action
3 = Moderate in amplitude with posture holding as well as action.
4 = Marked in amplitude; interferes with feeding.

22.  Rigidity (Judged on passive movement of major joints with patient
       relaxed in sitting position; ignore cogwheeling.)

0 = Absent.
1 = Slight or detectable only when activated by mirror or other movements.
2 = Mild to moderate.
3 = Marked; but full range of motion easily achieved.
4 = Severe; range of motion achieved with difficulty.

23.  Finger taps (Patient taps thumb with index finger in rapid succession.)
0 = Normal.
1 = Mild slowing and/or reduction in amplitude.
2 = Moderately impaired.  Definite and early fatiguing.  May have occasional
      arrests in movement.
3 = Severely impaired.  Frequent hesitation in initiating movements or arrests 
      in ongoing movement.
4 = Can barely perform the task.

24.  Hand movements (Patient opens & closes hands in rapid succession.)
0 = Normal.
1 = Mild slowing and/or reduction in amplitude.
2 = Moderately impaired.  Definite and early fatiguing.  May have occasional 
      arrests in movement.
3 = Severely impaired.  Frequent hesitation in initiating movements or arrests 
      ongoing movement.
4 = Can barely perform the task.

25.  Rapid alternating movements of hands (Pronation-supination 
       movements  of hands, vertically or horizontally, with as large an
       amplitude as possible, both hands simultaneously.)

0 = Normal.
1 = Mild slowing and/or reduction in amplitude.
2 = Moderately impaired.  Definite and early fatiguing.  May have occasional 
      arrests in movement.
3 = Severely impaired.  Frequent hesitation in initiating movements or arrests 
      ongoing movement.
4 = Can barely perform the task.
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26.  Leg agility (Patient taps heel on ground in rapid succession, picking up
       entire leg.  Amplitude should be at least 3 inches.)

0 = Normal.
1 = Mild slowing and/or reduction in amplitude.
2 = Moderately impaired.  Definite and early fatiguing.  May have occasional 
      arrests in movement.
3 = Severely impaired.  Frequent hesitation in initiating movements or arrests 
      ongoing movement.
4 = Can barely perform the task.

27.  Arising from chair (Patient attempts to arise from a straight-back wood
       or metal chair with arms folded across chest.)

0 = Normal.
1 = Slow or may need more than one attempt.
2 = Pushes self up from arms of seat.
3 = Tends to fall back and may have to try more than one time, but can get up
       without  help.
4 = Unable to arise with help.

28.  Posture
0 = Normal erect.
1 = Not quite erect, slightly stooped posture; could be normal for older person.
2 = Moderately stooped posture, definitely abnormal; can be slightly leaning to
      one side.
3 = Severely stooped posture with kyphosis; can be moderately leaning to one 
      side.
4 = Marked flexion with extreme abnormality of posture.

29.  Gait
0 = Normal.
1 = Walks slowly, may shuffle with short steps, but no festination (hastening
      steps) or propulsion.
2 = Walks with difficultly, but requires little or no assistance; may have some 
      festination, short steps, or propulsion.
3 = Severe disturbance of gait, requiring assistance.
4 = Cannot walk at all, even with assistance.

30.  Postural stability (Response to sudden, strong posterior displacement
       produced by pull on shoulders while patient erect with eyes open and 
       feet slightly apart.  Patient is prepared.)

0 = Normal.
1 = Retropulsion, but recovers unaided.
2 = Absence of postural response; would fall if not caught by examiner.
3 = Very unstable; tends to lose balance spontaneously.
4 = Unable to stand without assistance.

31.  Body bradykinesia and hypokinesia (Combining slowness, hesitancy, 
       decreased arm swing, small amplitude, and poverty of movement in
       general.)

0 = None.
1 = Minimal slowness, giving movement as deliberate character; could be
      normal for some persons.  Possibly reduced amplitude.
2 = Mild degree of slowness and poverty of movement which is definitely
      abnormal.  Alternatively, some reduced amplitude.
3 = Moderate slowness, poverty, or small amplitude of movement.
4 = Marked slowness, poverty, or small amplitude of movement.

IV. Complications of Therapy (In the past week)
A.  DYSKINESIAS
32.  Duration:  What proportion of the waking day are dyskinesias present?
       (Historical information)

0 = None.
1 = 1-25% of day.
2 = 26-50% of day.
3 = 51-75% of day.
4 = 76-100% of day.
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33.  Disability:  How disabling are the dyskinesias?  (Historical information;
       may be modified by office examination)

0 = Not disabling.
1 = Mildly disabling.
2 = Moderately disabling.
3 = Severely disabling.
4 = completely disabled.

34.  Painful dyskinesias:  How painful are the dyskinesias?
0 = No painful dyskinesias.
1 = Slight.
2 = Moderate. 
3 = Severe.
4 = Marked.

35.  Presence of early-morning dystonia (Historical information)
0 = No.
1 = Yes.

B.  CLINICAL FLUCTUATIONS
36.  Are “off” periods predictable?

0 = No.
1 = Yes.

37.  Are “off” periods unpredictable?
0 = No. 
1 = Yes.

38.  Do “off” periods come on suddenly, within a few seconds?
0 = No.
1 = Yes.

39.  What proportion of the waking day is the patient “off” on average?
0 = None.
1 = 1-25% of day.
2 = 26-50% of day.
3 = 51-75% of day.
4 = 76-100% of day.

C.  OTHER COMPLICATIONS
40.  Does the patient have anorexia, nausea, or vomiting?

0 = No.
1 = Yes.

41.  Does the patient have any sleep disturbances, such as insomnia or
       hypersomnolence?

0 = No.
1 = Yes.

42.  Does the patient have symptomatic orthostasis?
0 = No.
1 = Yes.

V.  Modified Hoehn and Yahr Staging
Stage 0    No signs of disease.
Stage 1    Unilateral disease.
Stage 1.5 Unilateral plus axial involvement.
Stage 2    Bilateral disease, without impairment or balance.
Stage 2.5 Mild bilateral disease, with recovery on pull test.
Stage 3    Mild to moderate bilateral disease; some postural instability; physically 
                 independent.
Stage 4    Severe disability; still able to walk or stand unassisted.
Stage 5    Wheelchair-bound or bedridden unless aided.

VI.  Schwab and England Activities of Daily Living Scale
       (It is acceptable to select a number that falls in between  
       the definitions.)

100%  Completely independent.  Able to do all chores without slowness, difficulty, or 
           impairment.  Essentially normal.  Unaware of any difficulty
90%    Completely independent.  Able to do all chores with some degree of slowness,
           difficulty, and impairment.  Might take twice as long.  Beginning to be aware of
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           difficulty.
80%    Completely independent in most chores.  Takes twice as long.  Conscious of 
            difficulty and slowness.
70%    Not completely independent.  More difficulty with some chores.  Three to four times
           as long in some.  Must spend a large part of the day with chores.
60%    Some dependency.  Can do most chores, but exceedingly slowly and with much
           effort.  Errors:  some impossible.
50%    More dependent.  Help with half of chores, slower, etc.  Difficulty with everything.
40%    Very dependent.  Can assist with all chores, but few alone.
30%    With effort, now and then does a few chores alone or begins alone.  Much
           help needed.
20%    Nothing alone.  Can be a slight help with some chores.  Severe invalid.
10%    Totally dependent, helpless.  Complete invalid.
0%      Vegetative.  Functions such as swallowing, bladder, and bowel functions are not 
            functioning.
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APPENDIX C-MEANS AND STANDARD DEVIATIONS FOR DEPENDENT 
VARIABLES IN THE DBS ON AND OFF, BOLUS, AND TRIAL CONDITIONS

ON       OFF
             OTC          PTC       PTT       MHE            OTC          PTC          PTT        MHE               

M        M             M                 M                         M                   M         M                M

5cc
             1 3.57   (3.25)   2.36  (2.68)   908   (125)   1.18    (.61)          4.57   (4.11)    3.50   (4.29)    1087  (196)     1.52  (.49)

             2 3.43   (3.63)   2.86  (2.70)    912  (112)    1.77   (.52)          4.50   (4.22)    4.29   (3.14)    1181  (295)      1.47 (.37)

             3 4.36    (3.75)  2.64  (2.71)    925  (171)    1.74   (.47)          4.71   (4.03)    4.43   (3.18)    1252  (360)     1.57 (.61)
10cc

             1 5.57   (3.22)   5.57  (2.90)   910   (163)    1.92   (.48)          6.43   (4.35)    5.64    (3.74)    1134  (154)    1.75  (.45)

             2 6.36    (3.30)  4.00  (2.94)   975  (160)    1.87   (.48)          7.36   (3.92)    5.57    (3.59)    1214  (237)    1.76 (.52)

             3   6.43    (3.28)   5.57  (3.86)   916   (193)    1.92   (.51)         6.79   (4.34)    5.64    (3.67)    1177  (209)    1.69 (.40)
Solid

              1 7.14    (3.53)   5.36  (3.25)   997   (193)    1.98   (.59)         8.64   (4.18)    6.07    (3.43)    1367  (308)   1.73   (.37)

              2 8.36    (3.27)   5.93  (2.81)   1101  (206)    2.07  (.71)     9.14    (3.82)   6.21    (3.75)    1440  (301)   2.29   (.51)

Note: OTC = oral total composite score and reflects a qualitatively-based score
 based on a composite rating from a 5-point scale with 5 different parameters
(range 0-25).  PTC = pharyngeal total composite and reflects a qualitatively-based 
score based on a composite rating from a 5-point scale with 7 different parameters
(range 0-35). PTT = pharyngeal transit time and is measured in milliseconds.  
MHE = maximal hyoid bone excursion and is measured in centimeters. 
5cc = the 5cc liquid bolus, 10cc = the 10cc liquid bolus, and 
Solid = the cracker bolus.  1, 2, and 3 refer to the first, second 
the third trials of each bolus type respectively.
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APPENDIX D: ANOVA TABLES

Figure 6. ANOVA Source Table: Oral Total Composite Score
_____________________________________________________________
Analysis/Source df SS MS F____

Within Subjects

ON/OFF 1 47.15 47.15 2.174
Error Between 13 281.91 21.69 ----

Bolus 2 824.10 412.05 38.14*
Error 26 280.90 21.61 ----
Bolus x ON/OFF 2 1.103 1.10 .084
Error 26 1.10 1.10 ----

Trial 2 27.77 13.86 6.345*
Error 26 56.90 4.38 ----
Trial x ON/OFF 2 3.96 1.98 1.05
Error 26 49.15 3.78 ----
Bolus x Trial 4 13.44 3.36 1.86
Error 52 93.89 1.81 ----

ON/OFF x Bolus x Trial 4 1.97 .492 .29
Error 52 88.25 6.789 ----

*p < .05
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Figure 7. ANOVA Source Table: Pharyngeal Total Composite Score
_____________________________________________________________
Analysis/Source df SS MS F____

Within Subjects
ON/OFF 1 76.67 76.67 7.11*
Error Between 13 140.24 10.79 ----

Bolus 2 323.72 161.86 25.14*
Error 26 167.39 6.44 ----
Bolus x ON/OFF 2 21.20 10.60 3.10
Error 26 89.03 3.42 ----

Trial 2 18.25 9.12 9.41*
Error 26 25.20 .969 ----
Trial x ON/OFF 2 1.72 .861 .878
Error 26 25.50 .98 ----

Bolus x Trial 4 3.04 .76 .547
Error 52 72.18 1.39 ----
ON/OFF x Bolus x Trial 4 5.80 1.45 1.39
Error 52 54.31 1.04 ----

*p < .05
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Figure 8. ANOVA Source Table: Pharyngeal Transit Time
_____________________________________________________________
Analysis/Source df SS MS F____

Within Subjects

ON/OFF 1 5268182.92 5268182.92 104.87
Error Between 13 653087.30 50237.49 ----

Bolus 2 2313667.06 1156833.53 16.38*
Error 13 1836795.06 70645.98 ----
Bolus x ON/OFF 2 205384.77 102692.36 2.80
Error 26 953823.68 36685.53 ----

Trial 2 318074.63 159037.32 16.26*
Error 26 254377.82 9783.76 ----
Trial x ON/OFF 2 53706.48 26853.24 2.09
Error 26 334023.96 12847.08 ----

Bolus x Trial 4 100558.97 25139.74 2.40
Error 52 543988.92 10461.33 ----
ON/OFF x Bolus x Trial 4 39650.25 9912.56 .685
Error 52 752849.64 14477.88 ----

*p < .05
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Figure 9. ANOVA Source Table: Maximal Hyoid Bone Excursion
____________________________________________________________
Analysis/Source df SS MS F___

Within Subjects

ON/OFF 1 1.91 1.91 4.424
Error Between 13 5.61 .43 ----

Bolus 2 4.51 2.25 14.34*
Error 26 4.11 .16 ----
Bolus x ON/OFF 2 .21 .11 .63
Error 26 4.34 .17 ----

Trial 2 .10 .11 .63
Error 26 3.05 .18 ----
Trial x ON/OFF 2 .10 .05 .74
Error 26 1.78 .07 ----

Bolus x Trial 4 .50 .13 .97
Error 52 6.79 .13 ----
ON/OFF x Bolus x Trial 4 .24 .06 .89
Error 52 3.48 .07 ----

*p < .05
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APPENEDIX E: QUALITATIVE DATA TABLES 

Table 4. Swallows per Bolus
                                                   ON                   OFF
Number of Swallows→ 1 2 3 4 1 2 3 4

Bolus Trials
5cc 1 9 5 0 0 8 3 3 0
5cc2 11 1 2 0 8 3 3 0
5cc3 10 2 3 0 8 3 3 0
10cc 1 7 4 3 0 7 4 2 1
10cc 2 7 3 4 0 6 5 2 1
10cc 3 6 5 3 0 6 4 2 1
Solid 1 4 7 3 0 4 4 3 3
Solid 2 2 5 5 1 3 6 3 2
Solid 3 1 6 6 1 3 5 3 2
Note:  Each data point is the number of participants out of 14 that demonstrated that 
number of swallows per bolus. For example solid bolus on Trial 3 in the OFF condition 
3/14 demonstrated one swallow per bolus, 5/14 demonstrated two swallows per bolus, 
3/14 demonstrated 3 swallows per bolus,  and 2/14 demonstrated four swallows per 
bolus.

Table 5. Tongue Pumping
                                                                          ON                   OFF
Instances of Tongue Pumping Rating→ 0 1 2 3 0 1 2 3

Bolus Trials
5cc 1 10 2 2 0 10 1 2 1
5cc2 10 2 2 0 10 1 2 1
5cc3 11 1 1 1 10 1 2 1
10cc 1 11 2 0 1 8 2 2 2
10cc 2 10 3 0 1 8 1 3 2
10cc 3 9 2 1 2 8 1 3 2
Solid 1 3 4 3 4 3 4 3 4
Solid 2 3 1 6 4 1 3 3 6
Solid 3 2 1 6 5 1 2 3 8
Note:  Each data point is the number of participants out of 14 that received that number 
for the coded data for instances of tongue pumping.  0 = No tongue pumping, 1 = 1-2 
instances, 2 =3-5 instances, 3 = greater than 6 instances.  For example, on the 5cc bolus 
on Trial 3 in the ON condition 11/14 demonstrated no tongue pumping, 1/14 
demonstrated 1-2 instances, 1/14 demonstrated 3-5 instances, and 1/14 demonstrated 6 or 
greater instances of tongue pumping. 
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Table 6. Reduced Tongue Movement
                     ON                      OFF

Reduced Tongue 
Movement Rating→

0 1 2 3 0 1 2 3

Bolus Trials
5cc 1 6 3 5 0 6 4 3 1
5cc2 6 4 4 0 6 4 2 2
5cc3 5 4 4 1 6 4 3 1
10cc 1 3 5 5 1 7 4 2 1
10cc 2 2 5 4 3 2 4 5 2
10cc 3 2 5 4 3 2 4 6 2
Solid 1 0 5 5 4 0 3 5 6
Solid 2 0 2 8 4 0 2 6 6
Solid 3 0 1 10 3 0 2 6 6
Note:  Each data point is the number of participants out of 14 that received that number 
for the coded data for decreased tongue action.    0 =appropriate tongue movement, 1 = 
mild decrease in “stripping” action and/or BOT retraction, but functional, 2 = moderate 
decrease in “stripping” action and BOT retraction, resulting in decreased bolus transport 
and residue, 3 =3 severe decrease in tongue movement leading to multiple swallows.

Table 7. Oral Residue
 ON                      OFF

Oral Residue Rating→ 0 1 2 3 0 1 2 3

Bolus Trials
5cc 1 6 5 1 0 6 5 2 1
5cc2 7 4 3 0 6 5 2 1
5cc3 6 5 2 1 6 5 2 1
10cc 1 3 6 5 0 3 6 3 2
10cc 2 1 7 6 0 1 8 3 2
10cc 3 1 7 6 0 1 8 3 2
Solid 1 1 5 7 1 0 5 5 4
Solid 2 1 2 10 1 0 5 5 4
Solid 3 0 3 10 1 0 5 5 4
Note: Each data point is the number of participants out of 14 that received that number 
for the coded data for the amount of oral residue.  0 = No residue, 1 = mild residue < 25% 
of bolus, 2 = moderate residue 25-50% of bolus, 3 = severe residue 51-75%.  For 
example, on the 5cc bolus on Trial 3 in the ON condition 11/14 demonstrated no tongue 
pumping, 1/14 demonstrated 1-2 instances, 1/14 demonstrated 3-5 instances, and 1/14 
demonstrated 6 or greater instances of tongue pumping. 
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Table 8. Penetration.
 ON                      OFF

Penetration Rating→ 0 1 2 3 4 0 1 2 3 4

Bolus Trials
5cc 1 14 0 0 0 0 11 1 2 0 0
5cc2 14 0 0 0 0 11 1 2 0 0
5cc3 14 0 0 0 0 11 1 2 0 0
10cc 1 12 0 2 0 0 12 2 0 2 0
10cc 2 11 1 2 0 0 11 0 3 0 0
10cc 3 10 1 2 0 1 11 0 3 0 0
Solid 1 14 0 0 0 0 14 0 0 0 0
Solid 2 14 0 0 0 0 14 0 0 0 0
Solid 3 14 0 0 0 0 14 0 0 0 0
Note: Each data point is the number of participants out of 14 that received that number 
for the coded data for the degree of penetration of the bolus.  0 = no penetration, 1 = trace 
to mild amount of penetration to laryngeal vestibule, does not reach level of vocal folds 
and is ejected, 2 = mild or moderate amount of penetration, does not reach level of vocal 
folds, is not ejected, 3 = moderate to severe penetration to the level of the vocal folds that 
is not ejected, 4 = majority of bolus penetrates to level of vocal folds and is not ejected .

Table 9. Aspiration.
               ON                            OFF

Aspiration Rating→ 0 1 2 3 4 0 1 2 3 4

Bolus Trials
5cc 1 14 0 0 0 0 14 0 2 0 0
5cc2 14 0 0 0 0 14 0 2 0 0
5cc3 14 0 0 0 0 12 2 0 0 0
10cc 1 12 2 0 0 0 12 2 0 2 0
10cc 2 12 0 2 0 0 12 2 0 0 0
10cc 3 12 0 2 0 0 12 2 0 0 0
Solid 1 14 0 0 0 0 14 0 0 0 0
Solid 2 14 0 0 0 0 14 0 0 0 0
Solid 3 14 0 0 0 0 14 0 0 0 0
Note:  Each data point is the number of participants out of 14 that received that number 
for the coded data for the degree of penetration of the bolus.  0 = no aspiration, 1= trace-
mild aspiration, may be ejected, not silent, 2 = moderate aspiration that does/does not 
clear and is not silent, OR mild aspiration that is silent and does not clear, 3 = Moderate 
to severe aspiration that does not clear and is silent, 4 = silent aspiration of entire bolus .
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Table 10. Vallecular Residue
          ON                    OFF

Vallecular Residue Rating→ 0 1 2 3 0 1 2 3

Bolus Trials
5cc 1 8 3 3 0 4 7 2 0
5cc2 6 4 4 0 2 9 2 0
5cc3 6 5 3 0 2 9 1 0
10cc 1 5 6 3 0 1 7 5 1
10cc 2 4 6 4 0 0 8 4 1
10cc 3 3 7 4 0 0 7 5 1
Solid 1 2 7 4 1 2 4 4 4
Solid 2 1 4 7 1 2 4 3 4
Solid 3 0 4 8 1 1 4 5 4
Note:  Each data point is the number of participants out of 14 that received that number 
for the coded data for vallecular residue.    0 = no residue, 1 = less than 25% of bolus, 2 = 
25-50% of bolus, 3 = 50-75% of bolus.  

Table 11. Pyriform Sinus Residue
           ON              OFF

Vallecular Residue Rating→ 0 1 2 3 0 1 2 3

Bolus Trials
5cc 1 6 6 2 0 5 4 5 0
5cc2 5 5 4 0 1 8 5 0
5cc3 6 5 3 0 2 7 5 0
10cc 1 1 9 4 0 0 7 6 1
10cc 2 0 9 4 0 0 7 6 1
10cc 3 1 8 5 0 1 5 7 1
Solid 1 2 4 6 2 0 1 9 4
Solid 2 2 1 8 2 1 2 8 2
Solid 3 1 1 11 2 0 3 8 3
Note: Each data point is the number of participants out of 14 that received that number 
for the coded data for pyriform sinus residue.  0 = no residue, 1 = less than 25% of bolus, 
2 = 25-50% of bolus, 3 = 50-75% of bolus.  
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Table 12. Upper Esophageal Sphincter Dysfunction
ON                        OFF

Upper Esophageal Sphincter 
Dysfunction Rating→

0 1 2 3 0 1 2 3

Bolus Trials
5cc 1 11 1 2 0 8 3 2 1
5cc2 10 2 2 0 8 3 2 1
5cc3 10 2 2 0 9 2 2 1
10cc 1 9 2 3 0 5 5 3 1
10cc 2 8 3 3 0 6 3 2 1
10cc 3 8 3 3 0 5 5 3 1
Solid 1 2 5 6 3 2 6 2 4
Solid 2 1 6 4 3 2 6 2 4
Solid 3 0 6 5 3 1 6 3 4
Note:  Each data point is the number of participants out of 14 that received that number 
for the coded data for upper esophageal sphincter (UES) dysfunction.  0 =  no UES 
dysfunction, 1 = mild decrease in opening or timing of opening, majority to bolus passes 
without residue, 2 = moderate decrease in opening resulting in moderate residue, 3 =3 
severe dysfunction resulting in severe residue and/or pharyngeal regurgitation.
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