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Background: Computational analysis of swallowing mechanics (CASM) is a
method that utilizes multivariate shape change analysis to uncover covariant el-
ements of pharyngeal swallowing mechanics associated with impairment
using videofluoroscopic swallowing studies. The goals of this preliminary
study were to (1) characterize swallowing mechanics underlying stroke-related
dysphagia, (2) decipher the impact of left and right hemispheric strokes on
pharyngeal swallowing mechanics, and (3) determine pharyngeal swallowing me-
chanics associated with penetration-aspiration status. Methods: Videofluoroscopic
swallowing studies of 18 dysphagic patients with hemispheric infarcts and age-
and gender-matched controls were selected from well-controlled data sets. Patient
data including laterality and penetration—aspiration status were collected. Coor-
dinates mapping muscle group action during swallowing were collected from videos.
Multivariate morphometric analyses of coordinates associated with stroke, affect-
ed hemisphere, and penetration-aspiration status were performed. Results: Pharyngeal
swallowing mechanics differed significantly in the following comparisons: stroke
versus controls (D = 2.19, P <.0001), right hemispheric stroke versus controls (D = 3.64,
P <.0001), left hemispheric stroke versus controls (D = 2.06, P <.0001), right hemi-
spheric stroke versus left hemispheric stroke (D =2.89, P <.0001), and penetration—
aspiration versus within normal limits (D =2.25, P <.0001). Differences in pharyngeal
swallowing mechanics associated with each comparison were visualized using
eigenvectors. Conclusions: Whereas current literature focuses on timing changes
in stroke-related dysphagia, these data suggest that mechanical changes are also
functionally important. Pharyngeal swallowing mechanics differed by the affect-
ed hemisphere and the penetration-aspiration status. CASM can be used to identify

From the *Department of Cellular Biology and Anatomy, Medical College of Georgia, Augusta University, Augusta, Georgia; tDepartment
of Speech, Language and Hearing Sciences, Boston University, Boston, Massachusetts; and fDepartment of Neurology, Stroke Division, Beth
Israel Deaconess Medical Center, Harvard Medical School, Boston, Massachusetts.

Received September 7, 2016; revision received October 21, 2016; accepted November 2, 2016.

Grant support: Grant support for stroke data from the National Institute on Deafness and Other Communication Disorders of the National
Institutes of Health (NIH) under Award Number R01DC012584 (Kumar). The Grant Support for Control Data from Veterans Affairs, Reha-
bilitation Research and Development under award number CDA-1 1IK1RX001628-01A1 (PI: [Focht] Garand), the National Institute on Deafness
and Other Communication Disorders of the National Institutes of Health under award number K24DC12801 (PI: Martin-Harris), and the South
Carolina Clinical & Translational Research Institute, with an academic home at the Medical University of South Carolina, NIH/National Center
for Advancing Translational Sciences grant number TL1 TR000061 (PI: Brady, Project PI: Garand).

The content of this work is solely the responsibility of the authors and does not necessarily represent the official views of the NIH.

Address correspondence to William G. Pearson, Jr., PhD, Department of Cellular Biology and Anatomy, Medical College of Georgia, Augusta
University, 1120 15th Street, CB-1101, Augusta, GA 30912. E-mail: wpearson@augusta.edu.

1052-3057/$ - see front matter

© 2016 National Stroke Association. Published by Elsevier Inc. All rights reserved.

http://dx.doi.org/10.1016/j jstrokecerebrovasdis.2016.11.001

Journal of Stroke and Cerebrovascular Diseases, Vol. llll, No. HE (), 2016: pp HE-EE 1


mailto:wpearson@augusta.edu
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2016.11.001

N.H. MAY ET AL.

patient-specific swallowing impairment associated with stroke injury that could
help guide rehabilitation strategies to improve swallowing outcomes. Key Words:
Ischemic hemispheric stroke—dysphagia—swallowing mechanics—aspiration.
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Introduction

Dysphagia commonly follows stroke and is a predic-
tor of poor outcomes including aspiration, lengthened
hospital stay, need for institutional care, pneumonia, and
even mortality.'® During pharyngeal swallowing, the
pharynx is transformed from a respiratory channel into
an alimentary conduit. In the current study, pharyngeal
swallowing mechanics of dysphagic ischemic stroke
patients are compared to those of healthy controls to
better appreciate the impact of stroke on swallowing.
We compared left and right hemispheric stroke groups
to understand the impact of each on swallowing me-
chanics. Furthermore, we investigated the sample’s
pharyngeal mechanics associated with penetration and
aspiration.

Current literature of the functional changes in stroke-
related dysphagia emphasizes delays in timing,*® aspiration
risk associated with timing,”!" and related sensorineural
deficits'*!"* with mechanistic deficits receiving less atten-
tion. Reports suggest differences in hyoid and laryngeal
displacements but are mixed (Table 1).">'® A more com-
prehensive understanding of covariant swallowing
mechanics including hyoid and laryngeal movements,
tongue base retraction, pharyngeal shortening, and head
and neck extensions could not only highlight the dys-
function underlying stroke-associated penetration and
aspiration but also suggest which treatment goals would
be more salient.'”?

Another important factor that could be contributing to
dysfunction of swallowing mechanics is the impact of left
versus right hemispheric lesions. Although the consen-
sus in the literature supports the idea that swallowing
is bilaterally innervated,* some studies suggest that 1

hemisphere is more dominant, varying by person.”>? In-
creasingly, recent studies indicate that right hemisphere
lesion is associated with deficits in the pharyngeal stage
of swallowing.*** Teismann et al and Mihai et al showed
a shift of neural activity to the right hemisphere during
the pharyngeal stage of swallowing in healthy subjects.”*
Other authors support the notion that the 2 hemi-
spheres do, in fact, control different aspects of swallowing.®
Support for this theory dates back to 1993 when Robbins
et al found right hemispheric strokes to be associated with
longer pharyngeal transit and response times as well as
increased risk of penetration and aspiration when com-
pared to left hemispheric strokes.” However, consensus
on whether there is a dominant hemisphere, varying by
person, or whether there are instead distinct roles as-
signed to each hemisphere remains unclear. Furthermore,
the specific impact of hemispheric stroke on the multi-
ple muscle group actions underlying pharyngeal
swallowing mechanics is unreported.

Conventional univariate displacement measurements
from videofluoroscopic swallowing studies are helpful to
quantify stroke impact, for example, on hyoid move-
ment. The impact of multiple stroke variables, however,
on multiple interacting elements of swallowing mechan-
ics requires a different approach. Pharyngeal swallowing
is complex. Computational analysis of swallowing me-
chanics (CASM) utilizes geometric morphometrics to
quantify overall shape differences associated with vari-
ables of interest. Once these overall differences are
determined, eigenvectors are used to visualize the impact
of variables on covariant pharyngeal swallowing me-
chanics. As such, the traditional outcome of distance
measurements is replaced by eigenvectors that provide

Table 1. Previous literature reporting differences in swallowing mechanics associated with stroke

Landmark Authors Relevant finding
Hyoid Bingjie et al'! Reduced vertical movement in aspirating versus nonaspirating stroke patients
Horizontal movement showed no significant difference between groups—stroke or healthy
Paik et al'® No significant difference for vertical movement
Decreased anterior movement in dysphagic stroke patients as compared to normal
Kim et al'® Slightly decreased but nonsignificant difference in aspirating versus nonaspirating
stroke patients in vertical and horizontal directions
Seo et al'’ Nonsignificant decreases in movement for nonrecovered stroke aspirators compared to
recovered
Larynx Bingjie et al! Reduced vertical displacement in aspirating versus nonaspirating stroke patients
Hyolaryngeal Han et al'® Penetration—aspiration status predicted reduced hyolaryngeal elevation in

complex stroke survivors
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