
Dysphagia 
Evaluation and 
Treatment

Eiichi Saitoh
Kannit Pongpipatpaiboon
Yoko Inamoto
Hitoshi Kagaya   
Editors

From the Perspective of 
Rehabilitation Medicine

123



Dysphagia Evaluation and Treatment



Eiichi Saitoh • Kannit Pongpipatpaiboon 
Yoko Inamoto • Hitoshi Kagaya
Editors

Dysphagia Evaluation 
and Treatment
From the Perspective of Rehabilitation 
Medicine



Japanese-language and Thai-language rights are retained to the editors.
ISBN 978-981-10-5031-2    ISBN 978-981-10-5032-9 (eBook)
https://doi.org/10.1007/978-981-10-5032-9 

Library of Congress Control Number: 2017954327

© Springer Nature Singapore Pte Ltd. 2018
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims 
in published maps and institutional affiliations.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721, Singapore

Editors
Eiichi Saitoh
Department of Rehabilitation Medicine I, 
School of Medicine, Fujita Health 
University
Toyoake, Aichi  
Japan

Yoko Inamoto
Faculty of Rehabilitation, School of 
Health Sciences, Fujita Health  
University
Toyoake, Aichi  
Japan

Kannit Pongpipatpaiboon
Department of Rehabilitation Medicine I, 
School of Medicine, Fujita Health 
University
Toyoake, Aichi  
Japan

Hitoshi Kagaya
Department of Rehabilitation Medicine I, 
School of Medicine, Fujita Health 
University
Toyoake, Aichi  
Japan

https://doi.org/10.1007/978-981-10-5032-9


v

Foreword

Dysphagia is a common and potentially serious problem, especially in neurological 
disorders, and is particularly frequent in elderly individuals. Dysphagia is associated 
with significant morbidity and mortality including dehydration, malnutrition, airway 
obstruction, and aspiration pneumonia. Severe dysphagia has a devastating impact 
on quality of life as it can eliminate the pleasure of eating and drinking. Less recog-
nized is the impact of dysphagia on psychosocial functions. It can lead to isolation as 
the patient withdraws from activities involving food such as family mealtimes, group 
dinners, and teatime. These issues are especially important in rapidly aging societies 
such as Japan, which has the highest percentage of elderly people in the world.

Japan is unique in its early recognition and embrace of the team approach to 
dysphagia rehabilitation among professionals across a spectrum of disciplines and 
specialties. Speech language hearing therapists (SHLTs), dentists, nurses, dental 
hygienists, dieticians, and physiatrists (rehabilitation physicians) actively collabo-
rate in the Japanese dysphagia team. Indeed, the Japanese Society for Dysphagia 
Rehabilitation is the world’s largest multidisciplinary organization dedicated to 
research, education, and patient care in swallowing disorders. This team approach 
contributes to both the effectiveness and efficiency of patient care.

Fujita Health University (FHU) is one of the pioneering facilities where dyspha-
gia rehabilitation is approached systematically and scientifically using the concept 
of the team approach. Their new textbook, Dysphagia Evaluation and Treatment: 
From the Perspective of Rehabilitation Medicine, is designed to support the highest 
level of practice, scientifically, clinically, and ethically. The chapter authors and edi-
tors are highly skilled experts in dysphagia rehabilitation.

I can attest to the exceptional knowledge and expertise of my colleagues at Fujita 
Health University based on our close and ongoing collaboration since my first visit 
to Japan in 1996. I have had the good fortune to witness and learn from my col-
leagues at FHU during many visits to Japan as a visiting professor, especially 
Professor Eiichi Saitoh, a pioneer and renowned leader in dysphagia research and 
practice. Additionally, more than 30 Japanese clinicians and researchers have taken 
research fellowships in my laboratory at Johns Hopkins University, including six 
current FHU faulty members.
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Along with the anatomy and physiology, this textbook highlights basic as well as 
advanced principles of patient care, including the approach to the patient, bedside 
examination and screening, instrumental evaluation including traditional as well as 
novel methods (such as swallowing CT and high resolution manometry), and an 
approach to treatment based on the science of motor learning. Case studies illustrate 
the comprehensive team approach to patient care.

This textbook serves as an excellent guide to the latest developments in the prac-
tice of dysphagia rehabilitation. This approach, if implemented early and main-
tained over time, can enhance the health and quality of life of people with dysphagia. 
It also points the way to improving our knowledge and practice in the future.

Jeffrey B. Palmer, MD
Professor Emeritus, Johns Hopkins University

Baltimore MD 21218, USA
Distinguished Professor, Fujita Health University

Toyoake, Aichi, Japan

Foreword



vii

Overview

Difficulty swallowing (dysphagia) occurs in all age groups, with a high prevalence 
in older individuals. The swallowing process requires intricate coordination 
between the central nervous system and multiple muscles of the face, mouth, phar-
ynx, larynx, and esophagus for safe and effective deglutition. Consequently, dys-
phagia significantly impacts survival and may become a life-threatening 
disability.

The older adult population is increasing worldwide. The proportion of indi-
viduals ≥60 years of age increased from 9.2% in 1990 to 11.7% in 2013 and is 
expected to reach 21.1% by 2050 [1]. Japan is at the forefront of the aging popula-
tion. The older population in Japan is increasing more rapidly than in any of the 
developed Western European countries or the United States [2]. Japan surpasses 
all other nations with the highest proportion of older citizens; 26.5% of citizens 
are >65 years, 12.8% are ≥75 years, and 3.9% are ≥85 years, according to the 
most recent government statistics in 2015 (final estimates) [3]. Thailand is another 
Asian country with a growing population of older adults. The number of Thai 
people aged ≥60  years in 2013 was approximately 9.6  million, accounting for 
14% of the population [4]. By 2040, Thailand’s older population is expected to 
increase to 17  million, accounting for 25% of the population [5]. As the older 
population increases, the incidence of dysphagia associated with the aging pro-
cess and/or diseases that affect older patients may also increase. For this reason, 
dysphagia is an increasingly common and concerning problem in Asian 
societies.

Pneumonia is one of the most common adverse effects of dysphagia and has been 
a leading cause of death during the past decade. The World Health Organization 
reported that pneumonia was ranked the fourth leading cause of death worldwide in 
2012 (Fig. 1), with a similar trend in Asian countries such as Japan and Thailand 
(Fig. 2).

Furthermore, pneumonia contributes to increased rates of hospitalization and 
mortality. The impact of pneumonia in older patients may be more substantial than 
in other age groups. Data reported by the Nationwide Hospital Admission of 
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population by leading cause of death in Thailand in 2014 (data derived from the office of the 
Permanent Secretary for Public Health, Ministry of Public Health) [8]
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Thailand in 2010 and a demographic survey performed by the Japanese Ministry of 
Health, Labour and Welfare in 2015 indicated a rising trend of pneumonia with 
advancing age and showed a substantially higher mortality rate in afflicted persons 
aged >60 years (Figs. 3 and 4).

In 2013, a population survey reported by the Japanese Ministry of Health, Labour 
and Welfare showed that pneumonia was the third leading cause of death overall [7]. 
Approximately 60% of hospitalized older patients were diagnosed with aspiration 
pneumonia; this was particularly notable in patients aged ≥70 years [11]. In addition, 
asphyxiation accounted for the highest proportion of accidental deaths (fifth leading 
cause of death) in Japan. Many of these patients had dysphagia. These data indicate 

© FHUR 2017
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that dysphagia-related deaths have been increasing and that dysphagia must be thor-
oughly recognized and understood by healthcare professionals. In 2012, the Fujita 
Swallowing Team at the Fujita Health University Rehabilitation Complex (FHUR) 
surveyed the prevalence of dysphagia in Japan and reported 73.7% in chronic hospi-
tals, 59.7% in nursing homes, and 58.7% in long-term care facilities [12]. Similarly, 
a national survey in 2009 found a relatively large number of  geriatric long-term care 
residents with feeding tubes as well as difficulty swallowing in orally fed residents 
[13]. This study also indicated that swallowing evaluation in patients with dysphagia 
is often limited and incomplete [13]. These findings suggest that older residents with 
dysphagia are not receiving appropriate swallowing evaluation and intervention.

Dysphagia is associated with several problematic outcomes. The severity of dys-
phagia ranges from mild difficulty to complete inability to swallow and may subse-
quently give rise to aspiration pneumonia, suffocation, dehydration, malnutrition, 
and declining quality of life. From the viewpoint of rehabilitation medicine, swal-
lowing is one of the major targets of “activity medicine” (medicine to improve func-
tion). Thus, physiatrists and all therapists who play a role in dysphagia management 
require fundamental knowledge and skills in evaluation and intervention to facili-
tate safe swallowing and prevent recurrence and other adverse events.

A team approach is indispensable to dysphagia rehabilitation. Interdisciplinary 
teamwork is a complex process in which staff members from different disciplines 
work together to share expertise, knowledge, and skills to provide the highest stan-
dard of care to patients with dysphagia. Another team approach that involves a joint 
effort from varying disciplines and is particularly suitable for dysphagia rehabilita-
tion is the transdisciplinary teamwork model. In this model, participating disciplines 
collaboratively develop a total healthcare plan that addresses all necessary diagno-
ses and treatments. The Japanese Society of Dysphagia Rehabilitation (JSDR) was 
founded under the concept of transdisciplinary teamwork [14].

Swallowing teams include specialists from different disciplines, such as physiat-
rists, dentists, speech-language-hearing therapists, dysphagia-certified nurses, ward 
nurses, dental hygienists, and dieticians. However, the team may be led by different 
practitioners based on availability. In Japan, for example, a teamwork-centered 
approach to dysphagia rehabilitation is emphasized, and speech-language-hearing 
therapists lead the team in implementing direct and indirect dysphagia training exer-
cises and integrating comprehensive treatment with other disciplines. In other Asian 
countries, such as Thailand, occupational therapists primarily provide dysphagia 
rehabilitation services in the form of exercise training regimens for patients with 
swallowing disorders.

JSDR is a leader in the development and advancement of dysphagia rehabilita-
tion in both clinical and research settings. During the past 20 years, the membership 
of the JSDR has rapidly risen to more than 11,000 medical professionals (11,653 as 
of 30 August 2014) from several disciplines (Fig. 5).

Moreover, the JSDR is currently developing relationships with other dysphagia 
societies in North America, Europe, Asia, and elsewhere across the world to pro-
mote international collaboration in the emerging field of deglutition.

Overview
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In many Asian countries, dysphagia has become a pressing issue for both phys-
iatrists and rehabilitation therapists. Unfortunately, there may be limited recogni-
tion of the prevalence of dysphagia and dysphagia professionals despite the 
effectiveness of a dysphagia healthcare team. Furthermore, many clinicians are still 
unfamiliar with dysphagia and lack detailed guidance and practice protocols. 
Individual clinicians may assess and treat dysphagia differently, complicating 
research methodology and development of practice consensus. Additionally, patients 
who present with rare etiologies or subtle signs and symptoms of dysphagia may 
pose a challenge to clinicians with limited practice.

Instrumental evaluation is necessary to a comprehensive assessment of swallow-
ing of both known and undiagnosed etiologies. Imaging is critical for diagnosing 
the cause of dysphagia, selecting optimal treatments, and assessing the effects of 
treatment by accurate measurement of the oropharyngeal swallowing response. The 
instrumental assessment of dysphagia is a relatively new area of expertise within the 
field of rehabilitation that has developed over the past several decades in Asian 
countries. Additionally, considering the shortage of formal dysphagia rehabilitation 
teams with several specialized clinicians, highly trained professionals are essential 
for dysphagia management in all settings.

The purpose of this book is to provide all healthcare professionals who are inter-
ested in swallowing with the basic practical knowledge required for a broad clinical 
perspective on dysphagia rehabilitation. This book is neither exhaustive nor ency-
clopedic; instead, it presents a practical approach to the management and treatment 
of patients with dysphagia in a real-world clinical setting.
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This book is divided into four parts. Part I introduces the general aspects of 
deglutition and dysphagia with a focus on anatomy and physiology. Part II discusses 
clinical approaches using both non-instrumental and instrumental evaluation of 
swallowing. The instrumental evaluations presented include videofluoroscopy, 
which is considered the gold standard evaluation technique for swallowing  disorders, 
videoendoscopy, and, in brief, 320-row area detector computed tomography, which 
was recently introduced to analyze three-dimensional swallowing kinematics. 
Part III addresses the management and treatment of swallowing disorders. Finally, 
Part IV presents case studies that demonstrate clinical approaches to dysphagia as 
well as common etiologies encountered in a clinical setting.

The contents of this book follow the model of dysphagia rehabilitation used at 
FHUR. The Fujita Swallowing Team hopes that it will guide healthcare  professionals 
at all levels and serve as an excellent starting point for the development of expertise 
in swallowing rehabilitation.

References

 1. United Nations, Department of Economic and Social Affairs, Population 
Division. World Population Ageing 2013. ST/ESA/SER.A/348. 2013.

 2. Kuzuya M. Process of physical disability among older adults — contribution of 
frailty in the super-aged society. Nagoya J Med Sci. 2012;74:31–7.

 3. Population estimates by Age. Statistics Bureau, Ministry of Internal Affairs and 
Communications website. 2015. http://www.stat.go.jp/english/index.htm. 
Accessed 31 July 2015.

 4. Situation of The Thai Elderly 2013, Foundation of Thai Gerontology Research 
and Development Institute (TGRI). 2013. http://thaitgri.org/?p=37134. 
Accessed 31 July 2015.

 5. UN Department of Economic and Social Affairs, Population Division, 2001, 
World Population Ageing 1950–2050. 2014. http://ageingasia.org/ageing-
population- thailand1/. Accessed 31 July 2015.

 6. The World Health Organization (WHO). 2012. http://www.who.int/mediacen-
tre/factsheets/en/. Accessed 24 October 2017.

 7. The demographic population survey by Ministry of Health, Labour and Welfare. 
2014. http://www.mhlw.go.jp/toukei/saikin/hw/jinkou/geppo/nengai14/dl/gai-
kyou26.pdf (Japanese). Accessed 31 July 2015.

 8. National Statistical Office. Office of the Permanent Secretary for Public Health, 
Ministry of Public Health, Thailand. 2014. http://www.nso.go.th/ (Thai). 
Accessed 31 July 2015.

 9. Reechaipichitkul W, Thavornpitak Y, Sutra S. Burden of adult pneumonia in 
Thailand: a nationwide hospital admission data 2010. J Med Assoc Thai. 
2014;97(3):283–92.

 10. The e-Stat data (an official site of Japanese Government Statistics) by Ministry 
of Internal Affairs and Communications. http://www.e-stat.go.jp/SG1/estat/
List.do?lid=000001137965 (Japanese). Accessed 31 July 2015.

Overview



xiii

 11. Teramoto S, Fukuchi Y, Sasaki H, Sato K, Sekizawa K, Matsuse T, et al. High 
incidence of aspiration pneumonia in community and hospital-acquired pneu-
monia in hospitalized patients: a multicenter, prospective study in Japan. J Am 
Geriatr Soc. 2008;56:577–9.

 12. Saitoh E, et al. Survey of distribution of dysphasia patients using Dysphagia 
Severity Scale 2012 Grant-in-aid of Geriatric Health promotion project, Report 
of achievement in investigation research of swallowing disorders.

 13. Sugiyama M, Takada K, Shinde M, Matsumoto N, Tanaka K, Kiriya Y, et al. 
National survey of the prevalence of swallowing difficulty and tube feeding use 
as well as implementation of swallowing evaluation in long-term care settings 
in Japan. Geriatr Gerontol Int. 2014;14(3):577–81.

 14. Saitoh E, Matsuo K, Inamoto Y, Ishikawa M, Tsubahara A. Twenty years of 
trans-disciplinary approach development for dysphagia rehabilitation in Japan. 
Dysphagia. 2015;30(1):102–3.

Toyoake, Aichi, Japan Eiichi Saitoh 
Toyoake, Aichi, Japan Kannit Pongpipatpaiboon
Toyoake, Aichi, Japan Yoko Inamoto
Toyoake, Aichi, Japan Hitoshi Kagaya

Overview



xv

Acknowledgments

This book would not be possible without the gracious support, unfaltering patience, 
and shared expertise of our coauthors and all the members of the Fujita Swallowing 
Team. We are fortunate to have a strong transdisciplinary team approach for dyspha-
gia rehabilitation, and we believe our team provides an excellent model for the 
management of dysphagic patients. We would like to express our deep appreciation 
and sincerest thanks to Professor Jeffrey B. Palmer, our mentor, for his significant 
contributions, to Dr. Rachel Mulheren for editorial assistance, and to Dr. Cathy 
Lazarus for providing patient instruction on how to perform the Effortful swallow. 
And we must thank our patients, who generously participated in some of the imag-
ing studies presented in this text.



xvii

Part I Overview and Physiology

 1 Overview of Structures and Essential Terms . . . . . . . . . . . . . . . . . . . . .   3
Kannit Pongpipatpaiboon, Yoko Inamoto, Koichiro Matsuo,  
Yoichiro Aoyagi, Seiko Shibata, and Hitoshi Kagaya

 2 Evolution and Development of Human Swallowing  . . . . . . . . . . . . . . .  11
Kannit Pongpipatpaiboon, Yoko Inamoto, Koichiro Matsuo, 
 Yoichiro Aoyagi, Seiko Shibata, and Hitoshi Kagaya

 3 Physiological Models of Swallowing  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17
Kannit Pongpipatpaiboon, Yoko Inamoto, Koichiro Matsuo,  
Yoichiro Aoyagi, Seiko Shibata, and Hitoshi Kagaya

Part II Clinical Approaches

 4 Dysphagia from the Viewpoint of Rehabilitation Medicine  . . . . . . . . .  29
Kannit Pongpipatpaiboon, Yoko Inamoto, Yoichiro Aoyagi,  
Seiko Shibata, Hitoshi Kagaya, and Koichiro Matsuo

 5 Clinical Evaluation of Dysphagia  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35
Kannit Pongpipatpaiboon, Yoko Inamoto, Yoichiro Aoyagi,  
Seiko Shibata, Hitoshi Kagaya, and Koichiro Matsuo

Part III Treatment

 6 Oral Hygiene Care  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101
Yoko Inamoto, Kannit Pongpipatpaiboon, Seiko Shibata,  
Yoichiro Aoyagi, Hitoshi Kagaya, and Koichiro Matsuo

 7 Swallowing Exercises  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109
Yoko Inamoto, Kannit Pongpipatpaiboon, Seiko Shibata, 
 Yoichiro Aoyagai, Hitoshi Kagaya, and Koichiro Matsuo

Contents



xviii

 8 Other Swallowing Treatments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  157
Yoko Inamoto, Kannit Pongpipatpaiboon, Seiko Shibata,  
Yoichiro Aoyagai, Hitoshi Kagaya, and Koichiro Matsuo

Part IV Case Studies

 9 Case Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  167
Yoko Inamoto, Kannit Pongpipatpaiboon, Seiko Shibata, 
Yoichiro Aoyagai, Hitoshi Kagaya, and Koichiro Matsuo

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  195

Contents



xix

About the Editors

Eiichi Saitoh, MD, DMSc
Physiatrist, Executive Vice President of Fujita Health University, 
Professor and Chairperson of Department of Rehabilitation 
Medicine I, School of Medicine, Fujita Health University, Toyoake, 
Aichi, Japan

Kannit Pongpipatpaiboon, MD
Physiatrist, Research Fellow of Department of Rehabilitation 
Medicine I, School of Medicine, Fujita, Health University, 
Toyoake, Aichi, Japan

Yoko Inamoto, SLHT, PhD
Speech-Language-Hearing Therapist, Associate Professor of 
Faculty of Rehabilitation, School of Health Sciences, Fujita Health 
University, Toyoake, Aichi, Japan

Hitoshi Kagaya, MD, DMSc
Physiatrist, Professor of Department of Rehabilitation Medicine I, 
School of Medicine, Fujita Health University, Toyoake, Aichi, 
Japan



xxi

Seiko Shibata, MD, DMSc
Physiatrist, Senior Assistant Professor of Department of 
Rehabilitation Medicine, School of Medicine, Fujita Health 
University, Toyoake, Aichi, Japan

Yoichiro Aoyagi, MD, PhD
Physiatrist, Associate Professor of Department of Rehabilitation 
Medicine I, School of Medicine, Fujita Health University, Toyoake, 
Aichi, Japan

Koichiro Matsuo, DDS, PhD
Dentist, Professor and Chairperson of Department of Dentistry, 
School of Medicine, Fujita Health University, Toyoake, Aichi, 
Japan

About the Authors



xxiii

3D Three-dimensional
320-ADCT 320-row area detector CT
ADL Activities of daily living
CT Computed tomography
DSS Dysphagia Severity Scale
EMST Expiratory muscle-strengthening exercise
ESS Eating Status Scale
FHUR Fujita Health University Rehabilitation Complex
FIM Functional independence measure
HRM High-resolution manometry
JSDR Japan Society of Dysphagia Rehabilitation
LES Lower esophageal sphincter
MEP Maximum expiratory pressure
mGy Milligray
MPR Multiplanar reconstruction
mSv Millisievert
MWST Modified water swallowing test
NG Nasogastric tube
RSST Repetitive saliva swallowing test
SLHT Speech-language-hearing pathologist
SWR Swallowing ward rounds
Threshold PEP™ Threshold positive expiratory pressure device
TOR-BSST© Toronto Bedside Swallowing Screening Test
TVFs True vocal folds
UES Upper esophageal sphincter
VE Videoendoscopy
VF Videofluorography
WST Water swallowing test
W/V Weight/Volume

Abbreviations



Part I
Overview and Physiology



3© Springer Nature Singapore Pte Ltd. 2018 
E. Saitoh et al. (eds.), Dysphagia Evaluation and Treatment,  
https://doi.org/10.1007/978-981-10-5032-9_1

Chapter 1
Overview of Structures and Essential Terms

Kannit Pongpipatpaiboon, Yoko Inamoto, Koichiro Matsuo,  
Yoichiro Aoyagi, Seiko Shibata, and Hitoshi Kagaya

Abstract This chapter discusses common dysphagia terminology. A common 
understanding of important terms relevant to dysphagia enables healthcare 
 professionals to communicate clearly and rapidly. The basic knowledge of ana-
tomical structures associated with swallowing is fundamental to understanding 
the whole swallow process including the evaluation and treatment of 
dysphagia.

1.1  Terminology of Dysphagia

Swallowing is one of the most frequent activities of humans. Swallowing serves as 
a vital primary function to ensure nutrition and hydration and contributes to quality 
of life. Specific terminology is used among healthcare workers to communicate in 
a common language and is used every day for speaking and writing in medical 
charts.

A description of the common terms used in the field of dysphagia is provided in 
Table 1.1.
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1.2  Overview of Structures

Fundamental knowledge of the anatomy and motor control of eating and 
 swallowing is imperative and serves as an important basis for evaluating the 
physiology of the swallow. Swallowing is a complicated sequence of move-
ments. A normal swallow requires the precise coordination of more than 30 
muscles located within and around the oral cavity, pharynx, larynx, and esopha-
gus. These muscles are controlled by cranial and peripheral nerves that are cen-
trally mediated via the brain stem (mainly the medulla oblongata as the 
swallowing center) and cooperate with the cortical and subcortical regions of 
the brain [1, 2].

1.2.1  Anatomical Structures [1–3]

The oral cavity serves as the entrance to both the digestive pathway and upper 
airway. The tongue rests on the floor on the mouth, exposing both the oral and 
pharyngeal surfaces. The arched opening of the posterior oral cavity is bordered 
by the fauces, which separate the oral cavity from the pharynx. The pharyngeal 
wall consists of three main pharyngeal constrictor muscle groups (the superior, 
middle, and inferior parts) and long pharyngeal muscles (stylopharyngeus, salpin-
gopharyngeus, and palatopharyngeus). The upper esophageal sphincter (UES) is 
defined as a high- pressure zone located at the pharyngoesophageal junction and 

Table 1.1 Terminology of dysphagiaa

Swallowing/deglutition A series of movements that promote bolus transportation from the 
mouth to the stomach

Eating/ingestion The process of taking a bolus into the body by mouth
Eating disorder A psychological disorder characterized by abnormal or disturbed 

eating behaviors (e.g., anorexia nervosa, bulimia nervosa)
Dys- Impaired or abnormal
Phag- Eating
Eating problem/dysphagia Eating failure or dysfunction, defined as a disturbance of the 

passage of a swallowed bolus from the mouth to the stomach
Aspiration Entry of saliva, liquid, or food into the airway under the level of 

the true vocal folds
Penetration Entry of swallowed material into the laryngeal vestibule during 

swallowing, as above of the level of the true vocal folds
Retention Presence of a residual swallowed bolus locating in the oral cavity, 

vallecula, and/or hypopharynx (pyriform sinus) that is left behind 
after the swallow

aAdditional terminology is shown in Appendix (Table 1.2)

K. Pongpipatpaiboon et al.
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has a semicircular shape in the horizontal view. It consists of three muscular por-
tions: the inferior fibers of the inferior pharyngeal constrictor, the cricopharyngeal 
muscle, and the upper fibers of the esophagus. The UES  contracts at rest and 
relaxes during swallowing to allow a swallowed bolus to enter the esophagus and 
to prevent regurgitation of bolus from esophagus and stomach (Figs. 1.1 and 1.2).

The hyoid bone plays an important role in swallowing function. The suprahy-
oid muscles, which include the mylohyoid, geniohyoid, anterior and posterior 
bellies of the digastric, and stylohyoid, and one of the infrahyoid muscles, 
 thyrohyoid, play one of the key roles in opening of the UES because they control 
hyoid and laryngeal excursion in the superoanterior direction, allowing a bolus 
to pass into the esophagus. The larynx acts as an airway valve, separating the 
trachea from the upper aerodigestive tract. The airway is protected by laryngeal 
closure, a process that occurs at three levels: approximation of the true vocal 
folds (TVFs, glottis), approximation of the false vocal folds, and approximation 
of the aryepiglottic folds to the base of the epiglottis. The tongue base, pharynx, 
epiglottis, larynx, and UES comprise the oropharynx and hypopharynx. Three 
pockets or recesses exist in the oropharyngeal area (vallecula) and in the 
 hypopharyngeal area (two pyriform sinuses), providing a physiologic storage 
area for food and fluid and decreasing the risk of aspiration. Figure 1.1 provides 
an  overall image of the anatomical structures in the oral cavity, pharynx, and 
larynx. The swallowing muscles that contribute to the pharyngeal stage are illus-
trated in Appendix (Figs. 1.4 and 1.5).

Nasal cavity

Hard palate

Lip

Oral cavity

Mandible

Hyoid bone

Thyroid cartilage
(Adam’s apple)

TracheaVocal cord

Esophagus

Larynx

Epiglottis

Pyriform sinus

Pharynx

Soft palate

Vallecula

Base of skull
(basilar part of occipital bone)

Nasal septum

Pharyngeal
recess

Soft palate

Uvula

Root of tongue

Epiglottis

Laryngeal inlet

Aryepiglottic fold

Cuneiform tubercle
Corniculate tubercle

Piriform fossa

Interarytenoid notch

Prominence over
lamina of cricoid
cartilage

Trachea
© FHUR 2017

Tongue

Nasopharynx

Oropharynx

Laryngopharynx

Esophagus

Fig. 1.1 Illustration of the anatomical structures (including oral cavity, pharynx, and larynx) 
 contributing to the swallowing function

1 Overview of Structures and Essential Terms
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1.2.2  Neural Control of Swallowing [1, 4]

Swallowing is a dynamic process involving complex neuronal networks with voli-
tional and reflexive components. The parts of the central nervous system that con-
trol swallowing are mainly the supratentorium (cortical and subcortical cortex) and 
infratentorium (brain stem). These central networks collaborate with the peripheral 
nervous system, including several cranial nerves that control sensorimotor swallow-
ing function, to integrate coordination of several structures and muscles as illus-
trated in Fig. 1.3 and Appendix (Table 1.3).

Fig. 1.2 Two-plane computed tomography images of the upper esophageal sphincter illustrate its 
semicircular shape in the horizontal view at the pharyngoesophageal junction

Motor neurons

VLM (ventral)

Swallowing muscles

© FHUR 2017

Sensory receptors in the
oropharynx, laynx, and

esophagus:
CN V, VII, IX, X

Afferent fibers

Cerebral cortex

NTS (dorsal)
BS-SW (CPG)

NA

V VIII IX X XII C1-3

Fig. 1.3 Diagram of neural 
control of the pharyngeal 
stage of swallowing. NTS 
nucleus tractus solitaries; 
BS-SW brain stem swallowing 
center; CPG central 
pattern generator; 
VLM ventrolateral medulla;  
NA nucleus ambiguous

K. Pongpipatpaiboon et al.
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 Appendix

 Additional Terminology of Dysphagia

 Swallowing Muscles Contributing to the Pharyngeal Stage

Buccinator m.

Digastric m.
(anterior belly) Mylohyoid m.

Hyoid bone

Thyroid cartilage

Cricothyroid ligament

Cricothyroid m.

Cricoid cartilage

Trachea

Esophagus

© FHUR 2017

Cricopharyngeus m.
(part of inferior pharyngeal constrictor)

Inferior pharyngeal constrictor m.

Thyrohyoid membrane

Hyoglossus m.

Middle pharyngeal constrictor m.

Stylopharyngeus m.
Stylohyoid ligament
Styloglossus m.
Superior pharyngeal constrictor m.

Levator veli palatini m.

Tensor veli palatini m.

Fig. 1.4 Lateral view of the pharynx illustrating constrictor and suspensory muscles of the 
 pharynx as viewed from the side (m muscle)

Table 1.2 Additional terminology of dysphagia

Drooling Defined as flowing of food, liquid, or saliva outside of the mouth 
unintentionally

Nasal regurgitation Passing out of food from the oral cavity into the nasal cavity
Pharyngeal 
regurgitation

Swallowed bolus flows back into the pharynx through the junction of 
pharynx and esophagus passing the cricopharyngeal sphincter

Gastroesophageal 
regurgitation

Retrograde movement of the stomach’s contents back up into the 
esophagus

1 Overview of Structures and Essential Terms
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 Neural Control of Swallowing

Basilar part of occipital bone

Digastric m.
(posterior belly)

Stylohyoid m.

Medial pterygoid m.

Stylopharngeus m.

Superior pharyngeal
constrictor m.

Middle pharyngeal
constrictor m.

Epiglottis

Inferior pharyngeal constrictor m.

Cuneiform tubercle

Corniculate tubercle

Cricopharyngeus m.
(part of inferior pharyngeal constrictor)

Longitudinal esophageal m.

Circular esophageal m.

© FHUR 2017

Cricopharyngeus m.
(part of inferior pharyngeal constrictor)

Posterior cricoarytenoid m.

Pharyngeal aponeurosis

Arytenoid m.
(Transverse and oblique)

Longitudinal
pharyngeal m.

Stylopharyngeus m.

Middle pharyngeal constrictor m.

Palatopharygeus m.

Uvula

Superior pharyngeal constrictor m.

Salpingopharyngeus m.

Levator veli palatini m.

Fig. 1.5 Pharyngeal muscles seen in the posterior view and with the right side of the pharynx cut 
open, allowing it to be viewed from the inside (m muscle)

Table 1.3 Major swallowing-related muscles, innervations, and actions

Category Muscle Innervation Action

Base of tongue Hyoglossus XII Retraction of base of tongue 
Styloglossus
Palatoglossus X

Pharyngeal 
constrictors

Superior pharyngeal 
constrictor

X Generating positive pressure to the 
bolus tail through superiorly to 
inferiorly sequential contractionsMiddle pharyngeal 

constrictor
UES Thyropharyngeus

Cricopharyngeus Contracting tonically at rest and 
relaxing during swallowing

Long 
pharyngeus

Stylopharyngeus X Pharyngeal shortening, assisting 
laryngeal elevationSalpingopharyngeus X

Palatopharyngeus X

K. Pongpipatpaiboon et al.
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Category Muscle Innervation Action

Suprahyoid Geniohyoid C1 Hyolaryngeal superoanterior 
movement of trajectoryMylohyoid V

Digastrics V
Stylohyoid VII

Infrahyoid Thyrohyoid XII, C1 Depressing and posteriorly displacing 
hyoid and larynxSternohyoid C1–C3

Sternothyroid
Omohyoid

Table 1.3 (continued)
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Chapter 2
Evolution and Development  
of Human Swallowing

Kannit Pongpipatpaiboon, Yoko Inamoto, Koichiro Matsuo,  
Yoichiro Aoyagi, Seiko Shibata, and Hitoshi Kagaya

Abstract This chapter will describe the human swallowing in comparison with 
other mammals.

Besides, the context will focus on swallowing and feeding development in 
infants. The basic knowledge of how evolutionary and developmental changes of 
human swallowing allows an insight into which swallowing-related problems may 
directly relate.

An understanding of the evolution of human swallowing begins from a comparative 
mammalian context. The larynx is a focal point in this comparison. Many other 
mammals, such as the rat, horse, pig, cat, and others, have remarkably similar ana-
tomical templates of the structures involved in swallowing (Fig. 2.1).

The position of the larynx is relatively high in the neck relative to the base of the 
cranium. The larynx is located in the opening of the intranarial array, providing a 
continuous airway from the nose to the lungs. Other than the anatomically high 
position of the larynx in many other mamals, the part of the epiglottis that touches 
or overlaps above the soft palate (so-called intranarial larynx) permits the margins 
of the soft palate to seal the airway from food passage. This structure enables the 
larynx to open directly into the nasopharynx and generates a physical separation of 
the two pathways (breathing and swallowing) to ensure survival. Furthermore, the 
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tongue in other mammals lies almost entirely within the oral cavity; no portion is 
present in the pharyngeal part [1, 2].

Comparison of the oropharyngolaryngeal anatomy in humans and other mam-
mals (Fig. 2.2) illustrates three main principles of swallowing:

 1. In the standing position, the oral and pharyngeal regions in humans are at a right 
angle to each other, bending sharply at 90°, as shown in Fig. 2.2. In contrast, the 
angle between the oral and pharyngeal regions is relatively flat in other mam-
mals. This means that in humans, liquid easily enters the larynx before flowing 
into the esophagus.

 2. The pharynx of other mammals is comparatively small, with the laryngeal open-
ing to the nasal cavity (intranarial larynx). This structure therefore serves as a 
protective mechanism to prevent aspiration during swallowing.

 3. The entire posterior part of other mammals’ tongues is located inside the mouth. 
In contrast, the posterior part of the human’s tongue is connected to the pharynx, 
forming part of the anterior pharyngeal wall (Fig. 2.3).

Nasal cavity

Tongue

Oral cavity
Intranatial larynx

Hyoid bone

Esophagus

© FHUR 2017

Fig. 2.1 Illustration of the 
midsagittal section of the 
head and neck regions of 
the horse

© FHUR 2017

Posterior part of tongue
connects with pharynx

Relatively low larynx

Enlarged pharynx

Posterior part of tongue is
totally inside the oral cavity

Fig. 2.2 Comparative oropharyngolaryngeal structures between humans and other mammals

K. Pongpipatpaiboon et al.
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These structural differences arose from the evolutional demand for rich phona-
tion in the human being. Thus, the pathways of breathing and swallowing converged 
in the pharynx, and the functions of this common pathway have no clear separation 
in humans. This results in a higher risk of aspirating food from the shared orophar-
ynx into the larynx. Although this anatomical arrangement enables safe swallowing 
in other mammals, it significantly limits the array of sounds (phonation). This 
 limitation in the range of sounds that can be produced is similar to that in a human 
infant.

2.1  Development of Swallowing in Humans

Proper development of the anatomical structures involved in swallowing is crucial 
to subsequent normal swallowing function. For this reason, an understanding of the 
evolution of the normal anatomy involved in the human swallowing mechanism is 
required. There is clear evidence of differences in the anatomy of the head and neck 
between infants and adults, and these anatomical differences influence feeding and 
swallowing [3–5].

Bolus formation

Opened larynx

in oral cavity

Bolus formation

Same place,
different meaning

in pharynx

© FHUR 2017

Fig. 2.3 Comparison of the location of bolus formation in humans and other mammals. Although 
the bolus is located at the same place (posterior part of the tongue), the significance in terms of 
swallowing differs. Bolus formation occurs in the oral cavity in other mammals and in part of the 
pharynx in humans. This is because in humans, the posterior part of the tongue is opened in larynx. 
Thus, the bolus cannot stay here during chewing

2 Evolution and Development of Human Swallowing
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The oral cavity in the newborn is totally occupied by the tongue because of the 
small and slightly retracted lower jaw. The hard palate is flat and no teeth have 
emerged. Additionally, thicker fat pads are present in the cheeks and provide sta-
bility during suckling. Because of these structures, the space in the oral cavity is 
smaller in newborns than in adults, and infants are more efficient at suckling than 
chewing. The pharynx is relatively short, and the hyoid bone and larynx lie at a 
much higher level and closer to the base of the epiglottis than in the adult, provid-
ing added airway protection. In addition, the tip of the epiglottis contacts the soft 
palate at the second cervical level; thus, the larynx opens directly to the nasal cav-
ity, similar to nonhuman mammals as described previously (Fig. 2.4).

These anatomical differences create a separation between the respiratory and 
digestive routes, affording natural protection of the airway and providing an optimal 
arrangement for safe feeding.

Flat hard palate

Apposition of tip
of the epiglottis
and the soft palate

Short pharynx

© FHUR 2017

High position of
hyoid and larynx

© FHUR 2017

Lengthened pharynx

Larynx descends
in the pharynx

Posterior one-third
of the tongue as a
part of pharyngeal

anterior wall

a

b

Fig. 2.4 Mouth and 
pharynx, (a) newborn, (b) 
adult in sagittal section
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The anatomy involved in swallowing gradually changes as follows throughout 
development:

 – The dentition develops.
 – The oral cavity enlarges.
 – The larynx descends in the pharynx.
 – The pharynx lengthens vertically.
 – The posterior one-third of the tongue descends into the pharynx and bends at a 

right angle relative to the oral portion, lying in a vertical plane and forming the 
upper anterior wall of the pharynx. The oral cavity and oropharynx are thus open 
to the nasopharynx and hypopharynx.

The upper aerodigestive tract begins to closely resemble that of an adult by 
approximately 5 months of age.

This change in the human requires elaboration of airway protection, functionally 
separating the two pathways. The respiratory and digestive tracts now cross each 
other in the pharyngeal area, minimizing aspiration protection. This is one reason 
why older individuals are at higher risk of swallowing problems. Although humans 
have acquired the disadvantage of pharyngeal swallowing because of anatomical 
changes, the descent of the larynx provides an advantage. The longer pharyngeal 
portion enables rich sound production at the vocal folds (phonation) and the ability 
to fully articulate speech.
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Chapter 3
Physiological Models of Swallowing

Kannit Pongpipatpaiboon, Yoko Inamoto, Koichiro Matsuo,  
Yoichiro Aoyagi, Seiko Shibata, and Hitoshi Kagaya

Abstract Swallowing is a complex activity in humans that involves coordinated 
activity of the mouth, pharynx, larynx, and esophagus. Thorough knowledge of 
these physiological processes is necessary to understand the complexity of swallow-
ing and serves as an essential module for explaining the fundamental mechanisms 
that operate in swallowing activity. In addition, an understanding of the mechanism 
of swallowing allows us to formulate new questions that serve as the basis for exper-
iments and detect specific problems that must be managed in the clinical setting. 
The swallowing sequence is divided into stages, each involving different food man-
agement behaviors. Two common models of drinking and eating are widely used.

The first is the four-stage sequence model for drinking, and the second is the process 
model for eating (chew–swallow complex) solid food. In addition to these, a two- 
stage model comprising the pharyngeal and esophageal stages was recently reported. 
This model revealed that the isolated pharyngeal swallow, in which the food bolus 
is not transported by the tongue in the oral cavity, is a part of normal human feeding 
(Fig. 3.1).

A brief summary of the current understanding of these swallow stages and the 
differences among them is clearly outlined in the following text.
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Swallowing is traditionally divided into four stages: the oral preparatory, oral 
propulsive, pharyngeal, and esophageal stages. The four-stage swallowing model is 
used to explain the command swallow (swallowing under order during an 
 experiment) and the discrete swallow (one spontaneous swallow) of liquids and the 
concept that bolus propulsion to the pharynx normally does not occur until the ini-
tiation of swallow onset. However, this model does not adequately represent the 
mechanism of eating and swallowing solid food. One of the most important funda-
mental differences between the processes of drinking liquids and eating solids, 
other than the consistency of the food, is the chewing process before swallowing as 
well as the coordination between chewing and intraoral food transport with swal-
lowing. This means that the major difference is in the oral stage, whereas the pha-
ryngeal and esophageal stages have minor differences (Fig. 3.1).

3.1  Four-Stage Model

The four-stage model comprises the oral preparatory stage, oral propulsive stage, 
pharyngeal stage, and esophageal stage [1].

3.1.1  Oral Preparatory Stage

A liquid bolus is collected in the anterior part of the oral cavity and placed in a 
swallow-ready position. Two regions in the oral cavity may hold a liquid bolus prior 
to initiating the swallow: the floor of the mouth in the anterior part of the oral cavity 
(dipper type) and the tongue surface against the hard palate (tipper type) [2]. 

Pharyngeal
stage

Pharyngeal
stage

Stage II transport

ProcessingStage I
transport

Oral
Preparatory

stage

Oral
Propulsive

stage

Pharyngeal
stage

Esophageal
stage

Esophageal
stage

Esophageal
stage

© FHUR 2017

Two stages Model : Isolated Pharyngeal swallow• 

Process Model : Chew swallow• 

Four stages Model : Liquid swallow• 

Fig. 3.1 Illustration of three physiological models of swallowing: two-stage, four-stage,  
and process models
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The lips are sealed, and the tongue tip elevates to contact the anterior alveolar ridge 
and thus prevent drooling. The tongue creates a cuplike shape to entrap the bolus on 
its dorsum. The posterior part of the oral cavity is closed by tongue–palate contact 
behind the bolus, which is mainly controlled by the palatoglossus muscle, to  prevent 
premature leakage into the oropharynx before the swallow.

3.1.2  Oral Propulsive Stage

The tip and sides of the tongue are anchored to the alveolar ridge. The posterior 
region of the tongue is depressed to open the posterior portion of the oral cavity. The 
bolus is subsequently propelled from the oral cavity to the pharynx through the 
fauces by a stripping action of the tongue along the palate from the anterior to pos-
terior part using a squeezing mechanism [3]. The bolus is pushed to the back of the 
mouth and toward the pharynx (Fig. 3.2).

3.1.3  Pharyngeal Stage

The pharyngeal stage usually occurs subsequent to the oral transport stage. The 
pharyngeal swallow is voluntarily initiated by propelling the bolus from the pharynx 
into the esophagus. This stage is the most critical stage of the swallow because air-
way protection occurs, preventing the bolus from entering the respiratory system.

The physiological activities during the pharyngeal stage occur step by step as 
follows:

 1. The soft palate is raised and contacts the lateral and posterior pharyngeal walls 
primarily by the levator and tensor veli palatini muscles, palatopharyngeus mus-
cle, and superior pharyngeal constrictor muscle, completely closing the velopha-
ryngeal part to isolate the nasopharynx from the oropharynx and prevent food 
material from entering the nasal cavity (nasal regurgitation).

 2. The larynx and hyoid move superiorly and anteriorly by contraction of the supra-
hyoid and thyrohyoid muscles. This anterosuperior movement of the larynx and 
hyoid bone is important for several reasons [1, 5, 6]. First, this movement brings 
the larynx to a position under the tongue base and out of the descending bolus 
pathway and may facilitate the epiglottis to tilt backward. Second, the elevation 

Fig. 3.2 Diagram of normal swallowing of liquid bolus. The bolus is readily held between the 
anterior surface of the tongue and hard palate. The posterior tongue–palate contact separates the 
oral cavity and pharynx. The posterior tongue drops down and the soft palate rises with swallowing 
onset, allowing the bolus to flow into the pharynx (Reproduced from [4] with permission)

3 Physiological Models of Swallowing
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of the pharynx and larynx shortens and widens the pharynx, creating a vacuum 
of negative pressure (suction force) in the hypopharynx to pull the bolus into the 
esophagus. Third, this action creates a pulling force to open the cricopharyngeal 
muscle and UES by tracking the cricoid cartilage up and forward away from the 
posterior pharyngeal wall.

 3. The base of the tongue is retracted toward the posterior pharyngeal wall, prevent-
ing the food from reentering the mouth and delivering the bolus to the pharynx 
by the tongue’s driving force.

 4. The contractions of the pharyngeal constrictor muscles from the upper to lower 
part help to squeeze the bolus downward, reducing the pharyngeal volume and 
increasing the pharyngeal pressure.

 5. Closure of the larynx occurs. Laryngeal closure involves three main aspects: the 
TVC, laryngeal vestibule (false vocal folds and aryepiglottic folds), and epiglot-
tic inversion [7–9].

• TVC: TVC closure has been described as the first event of laryngeal closure 
[7, 8]. Recent CT study [10], however, revealed that timing of TVC closure 
was adjusted by the bolus viscosity, suggesting TVC as adaptable component 
of swallow. TVC closure may occur before swallowing or at any time during 
swallowing responding to bolus flow.

• At the level of the laryngeal vestibule, the false vocal folds contract, and the 
arytenoids tilt forward and inward to contact the epiglottic base.

• The epiglottis is retroverted. It folds backward over the top of the larynx, and 
the base of the epiglottis contacts the adducted arytenoids, tilting forward. 
This mechanism protects the airway, diverting the bolus into the pyriform 
sinus by sliding down on the epiglottis.

 6. The pharyngeal stage ends when the UES relaxes and permits the bolus to 
enter the esophagus entirely. The opening of the UES is dependent upon the fol-
lowing three conditions [11]: relaxation of the tonically contracted UES; traction 
forces through the anterior hyolaryngeal excursion; the distensibility property of 
muscles, which allows the UES to stretch and accommodate the bolus passage; 
and the increase in intrabolus pressure with the expanding effect of the approach-
ing bolus.

3.1.4  Esophageal Stage [1, 5, 12]

This stage starts once the bolus passes through the UES. The UES is under tension 
in the resting state and relaxes while food passes into the esophagus. After the bolus 
has successfully entered the esophagus, the cricopharyngeal muscle returns to its 
contracted state to prevent the bolus from flowing back into the hypopharynx in a 
retrograde manner (pharyngeal regurgitation), which can possibly lead to 
aspiration.

K. Pongpipatpaiboon et al.
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Primary esophageal peristalsis is activated in response to arrival of the bolus; 
this stretches the esophageal lumen when it occurs in connection with the pharyn-
geal swallow, propelling the bolus toward the lower esophageal sphincter (LES). 
The wavelike process of secondary esophageal peristalsis then occurs by local 
distension to squeeze the bolus into the stomach under control by the autonomic 
nervous system. Likewise, gravity partly assists bolus transfer in the upright posi-
tion. The esophageal transit time should normally range from approximately 8 to 
20 s [13]. The LES relaxes so that the bolus can enter the stomach. The LES is 
also contracted at rest, as is the UES, after the bolus passes into the stomach to 
prevent gastroesophageal regurgitation. The swallowing process is complete at 
this point, and digestion begins after the bolus enters the stomach through the 
LES.

3.2  Process Model

The process model is used to describe the mechanism of eating and the chewing 
process before swallowing solid food [4, 14–17].

3.2.1  Oral Stage

As previously mentioned, it is important to note that highly variable differences are 
present depending on the food consistency (solid versus liquid) in the oral stage. 
The process model is used to describe the process of mastication and swallowing 
of solid food. The solid food is first taken into the mouth and chewed in the oral 
cavity. The fauces is not sealed because the tongue and soft palate move continu-
ously during mastication and the food bolus moves down into the pharynx prior to 
swallowing. Thus, pre-swallowing bolus formation of solid foods usually occurs in 
the oropharynx, whereas pre-swallowing bolus formation of liquids occurs in the 
mouth.

3.2.2  Stage I Transport

In the process model, after the food has been placed in the mouth, it is moved from 
the tongue surface to the postcanine region (molar area) by pulling back movement 
of tongue. The tongue then rotates laterally and places the food on the occlusal sur-
faces of the lower teeth for food processing in the molar region; this is called the 
pullback mechanism (Fig. 3.3).
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3.2.3  Food Processing

Food processing immediately follows stage I transport. The food is continuously 
chewed in the oral cavity and softened by moistening with saliva until the food 
bolus reaches optimal cohesiveness and is ready for swallowing (triturated food).

The tongue moves cyclically, anteroposteriorly, mediolaterally, and rotationally 
during chewing to carry pieces of food from side to side. Additionally, tongue move-
ment in the vertical dimensions coordinates with jaw and hyoid bone movements 
during this process.

3.2.4  Stage II Transport

Stage II transport is an active process driven by squeezing of the tongue upward 
against the palate. The swallow-ready chewed solid food is placed on the dorsal 
surface of the tongue and propelled back from the oral cavity through the fauces to 
the oropharyngeal tongue surface by the squeeze-back mechanism (Fig. 3.3).

Stage II transport occurs intermittently throughout the motion cycles of the jaw 
during food processing; accordingly, a portion of chewed solid food commonly 
reaches the oropharynx (either in the upper oropharynx or vallecula) or the hypo-
pharynx at the time of swallow onset. As seen in Fig. 3.1 (the process model), food 
processing and stage II transport overlap substantially in time.

Clear evidence shows that stage II transport is primarily actively driven and 
accomplished by the tongue squeezing food back along the palate; it does not 
depend on gravity. Chewed food is swallowed and actively transported to the val-
lecula; however, some liquid within two-phase foods may move into the hypophar-
ynx under the influence of gravity (chew–swallow complex) (Fig. 3.4).

Stage I transport: Pullback mechanism

Stage II transport: Squeeze-back mechanism

Fig. 3.3 Schematic diagrams of mechanisms involved in stage I and stage II transport. Pullback 
mechanism: The food is carried posteriorly on the tongue surface to the molar region during intra-
oral transport. Squeeze-back mechanism: The food is transported posteriorly by pressing the 
tongue against the palate (Reproduced from [4] with permission)
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The bolus gradually accumulates on the oropharyngeal surface of the tongue 
and in the vallecula; it may be collected for up to 10 s before the onset of the pha-
ryngeal swallow. This part of the process exhibits individual variability. A person’s 
overall chewing behavior influences the timing of food transport and swallow ini-
tiation and must be considered while evaluating swallow disorders. Early bolus 
arrival in the oropharynx or hypopharynx is associated with a higher risk of aspira-
tion, particularly in individuals with impairments in their swallowing and airway 
protection mechanisms. Upon completion of bolus aggregation, swallowing is ini-
tiated, and the bolus is transported from the pharynx through the UES to the 
esophagus.

3.3  Two-Stage Model

The pharyngeal stage usually occurs subsequent to the oral transport stage. 
Nevertheless, the swallow can be initiated at the pharyngeal level during normal 
human feeding; this is called the isolated pharyngeal swallow, wherein no bolus is 
transported from the oral cavity [19]. This appears to be similar to the phenomenon 
observed in an experimental animal model in which the swallow was triggered by 
direct infusion of water into the pharynx. The reflexive or pharyngeal swallow 
occurs nonvolitionally in response to pharyngeal stimulation. This phenomenon 
suggests that the isolated pharyngeal swallow is likely an airway protective mecha-
nism to prevent aspiration.

The leading edge location of liquid

Lower border
of mandible Vallecula Pyriform sinus Swallow onset

No aspiration or
penetration

2.99s 5.00s 5.30s 6.17s 7.14s

Fig. 3.4 Eating of a two-phase food (corn beef hash and liquid barium) observed simultaneously 
by videofluorography and videoendoscopy in a healthy subject. Arrows indicate the leading edge 
of the barium until swallowing (Reproduced from [18] with permission)
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3.4  Coordination of Deglutition and Respiration

Coordination of respiration and swallowing is vital for airway protection because 
these two processes share a common pathway that crosses in the pharynx [20, 21]. 
Both breathing and swallowing are under close neuronal control by a brain stem 
central pattern generator. Respiration and swallowing have tight temporal coordina-
tion. A large amount of evidence shows that swallowing mostly occurs during the 
expiratory phase. Respiration is inhibited to accommodate swallowing (this is called 
swallow apnea) due to central inhibition of the brain stem, which has been described 
as an important mechanism of airway protection. The duration of the respiratory 
pause that occurs involuntarily during each swallow is approximately 0.5–1.5 s in 
healthy adults. Expiration resumes afterward. This typical respiration–swallowing 
pattern (“exhale–swallow–exhale”) is a protective mechanism that reduces the 
probability of inhalation of food material into the airway after swallowing [21]. This 
pattern occurs in >75% of the swallows of healthy adults. Although most swallows 
occur during expiration, swallowing can be initiated during a brief interruption of 
inspiration; aspiration is prevented by laryngeal adduction. This pattern (“inhale–
swallow–exhale”) occurs in about 20% of swallows. In rare cases, swallowing is 
followed by inspiratory flow.

Several factors can vary the conditions of the respiration–swallowing coordina-
tion pattern. Advanced age has an impact on the coordination between respiration 
and deglutition. Older adults have been shown to have prolonged swallow apnea to 
accommodate swallowing and a higher incidence of inspiration both before and 
after the swallow. This pattern predisposes older adults to aspiration pneumonia. 
Likewise, swallows that occur during the inspiratory phase of breathing are more 
frequent in individuals with cerebrovascular disease, Parkinson’s disease, chronic 
obstructive pulmonary disease, or other neurological diseases and may be related to 
the rising incidence of aspiration pneumonia due to disruption of this protective 
mechanism pattern.

Variations in the bolus viscosity and volume also influence the swallow- 
associated respiratory cycle. During the chew–swallow of solid food in stage II 
transport of the process model, respiration does not stop when the bolus is trans-
ported downward into the vallecula and hypopharynx. This can be a causal factor in 
the higher risk of aspiration. Similar to sequential liquid swallows, which involve 
longer durations of the transitional stage (as in drinking with a cup or straw), longer 
sustainment of airway closure is needed and an additional demand on respiratory–
swallowing coordination is present because of a significant increase in the resump-
tion of inspiration after swallowing, especially in the elderly and patients with 
pulmonary or neurological diseases.
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Chapter 4
Dysphagia from the Viewpoint 
of Rehabilitation Medicine

Kannit Pongpipatpaiboon, Yoko Inamoto, Yoichiro Aoyagi,  
Seiko Shibata, Hitoshi Kagaya, and Koichiro Matsuo

Abstract Dysphagia is a common problem in medical situations. Many disease 
processes are associated with a high incidence of dysphagia. Individuals with 
 dysphagia may have multiple problems and need assessment and treatment that 
requires the input of multiple health professional specialists. Good team approach 
will increase the efficacy of dysphagia treatment.

Dysphagia is also common in aging societies because of the physical changes in 
structure and function that occur in these populations [1–5]. However, swallowing 
disorders have various etiologies and can affect persons of any age.

As mentioned in the first section, the oropharyngolaryngeal space is involved in 
multiple functions including breathing, phonation, and swallowing. These three 
functions exhibit trade-off relationships. Accordingly, this space is associated with 
a risk of choking during swallowing, and any dysfunction in this system can lead to 
dysphagia and possible aspiration. Dysphagia adversely affects the patient’s eating 
ability, which is one of the great pleasures in life. Some patients face long-standing 
swallowing problems with adverse consequences [4–9] such as malnutrition, dehy-
dration, aspiration pneumonia, and asphyxiation, significantly reducing their qual-
ity of life as well as increasing their rehabilitation time, need for care provision, and 
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need for long-term care assistance [10–12] (Fig. 4.1). Thus, the consequences of 
dysphagia include significant morbidity and mortality and increased healthcare 
costs. A well-coordinated care plan can prevent or minimize the development of 
dysphagia-related complications.

It is imperative that both specialists and general physicians recognize and under-
stand the contribution of dysphagia to patients with various conditions and develop 
the ability to prioritize proper evaluation and treatment plans. There is a definite 
need to increase the importance of dedicated patient care and research in the emerg-
ing field of dysphagia.

Treatment of dysphagia has been a new task in rehabilitation medicine during the 
past few decades. Japanese insurance began coverage of dysphagia treatment in 
1994. One year later, the The Japanese Society of Dysphagia Rehabilitation (JSDR) 
was established. The JSDR had 1,600 members in 1996 and has rapidly expanded 
its membership since. The objective of this unique society is to perform activities 
related to research, education, dissemination, and structuralization in the field of 
dysphagia rehabilitation to resolve problems in individuals with eating and swal-
lowing difficulties.

Annual publication of the Japanese Journal of Dysphagia Rehabilitation began 
in 1997. The field of dysphagia rehabilitation began growing thereafter and has 
progressed more rapidly since 2000. The JSDR also holds annual meetings to pro-
mote the progress and spread of knowledge regarding the diagnosis of, evaluation 
of, and transdisciplinary approaches to dysphagia through presentation of papers 
and their practical applications, exchange of knowledge and welfare activities, 
encouragement of continuing medical education for members, and enhancement of 
mutual coordination and cooperation among members and related domestic and 
foreign societies.

As shown in Fig. 4.2, dysphagia rehabilitation in Japan started with the clinical 
application of videofluorography (VF) in the mid-1980s. The first original paper to 
mention the usefulness of VF for rehabilitative approach was published in 1986. 
This paper described analysis of the postural effect on dysphagia management.

Aspiration pneumonia
and Suffocation

Dehydration and Malnutrition Reduced
quality of life

© FHUR 2017

Fig. 4.1 Serious problems in dysphagic patients from the viewpoint of rehabilitation medicine
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4.1  Dysphagia Team Development in Japan

The concept of a team approach to swallowing disorders has developed over time 
[13–15]. The team approach is generally divided into the following three categories 
according to the relationships among disciplines: the multidisciplinary approach, 
interdisciplinary approach, and transdisciplinary approach (Table 4.1).

The transdisciplinary teamwork model is suitable for dysphagia rehabilitation 
and is common in Japan, especially for the small facilities that may face shortages 
in the number and kinds of healthcare workers [16, 17]. In this model, participating 
disciplines  complement the scope of one another without rigid borders between 
them. Practitioners from various disciplines freely share fundamental knowledge, 
perspectives, and skills. This model thus leads to more efficient integration, permits 
better understanding, and achieves more effective evaluation. The JSDR was 
founded under the concept of a transdisciplinary team approach for dysphagia 
rehabilitation.

The swallowing team at the FHUR provides one of the best examples of the 
 attitude that a transdisciplinary team should exhibit. This team comprises 
 professionals in several fields: physiatrists, dentists, certified dysphagia nurses, 
speech-language- hearing therapists (SLHTs), otolaryngologists, dental hygienists, 
dieticians, and ward nurses.
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Fig. 4.2 Bar chart showing the number of articles related to dysphagia in four major rehabilitation 
journals in Japan (Jpn J Rehab Med since 1965, Sogo Rehab since 1973, J Clin Rehab since 1992, 
and Jpn J Dysphagia Rehab since 1997)
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Physiatrists play an important role in the treatment-oriented evaluation and man-
agement of dysphagia using videoendoscopy (VE) and VF to perform swallowing 
examinations.

In Japan, dentists also play a major role in the field of dysphagia rehabilitation by 
using VE and VF to evaluate swallowing function and diagnose swallowing disor-
ders. Moreover, dentists and dental hygienists work together in the care and treat-
ment of oral health problems to improve eating function and reduce the risk of 
aspiration pneumonia.

Otolaryngologists closely cooperate as necessary in both research and surgical 
treatment of severe dysphagia.

SLHTs mainly perform dysphagia rehabilitation in the form of intensive 
exercise.

Certified dysphagia nurses play a primary role in patient screening, integration 
and collaboration with professionals in other disciplines, and eating function ther-
apy. In addition, assessment of patients’ activities of daily living (ADL) is necessary 
to determine their task performance ability and need for assistance by a caregiver.

The team members meet weekly in a conference to discuss their interpretations 
of patients’ findings and possible directions for further interventions. Treatment 
plans are made, and treatment outcomes are followed in these conferences. In addi-
tion to clinical care, the team contributes to scientific discussions on swallowing 
disorders to enhance and encourage the dissemination of knowledge derived from 
research of dysphagia.
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Chapter 5
Clinical Evaluation of Dysphagia

Kannit Pongpipatpaiboon, Yoko Inamoto, Yoichiro Aoyagi,  
Seiko Shibata, Hitoshi Kagaya, and Koichiro Matsuo

Abstract Clinical evaluation, both instrumental and noninstrumental, plays an 
important role in the swallowing assessment of the patients with dysphagia. The 
gathered information from thorough evaluation contributes the presence of dyspha-
gia, dysphagia severity level, rehabilitation planning, and both the problem and the 
potential solution. The dysphagia screening, clinical and instrumental assessment, 
and new perspectives in advanced swallowing assessment will be described in this 
chapter.

Dysphagia is a complication commonly associated with cerebrovascular accidents 
and occurs within 3 days of the cerebrovascular accident in approximately 42–67% 
of patients [1]. Cerebral and brain stem strokes are the main cause of swallowing 
disorders. Dysphagia tends to have a greater likelihood of recovery after hemi-
spheric stroke because of the plasticity and compensatory reorganization in the con-
tralateral motor cortex. Conversely, dysphagia in patients with brain stem stroke is 
more likely to remain prominent. Dysphagia contributes to a greater risk of aspira-
tion and pneumonia ranging in severity from the need for outpatient treatment to 
death. Stroke patients with dysphagia, regardless of its severity or the presence of 
aspiration, are approximately three times more likely to develop pneumonia than 
are patients without dysphagia [2].
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Emerging evidences have shown that early identification of dysphagia and the 
risk of aspiration can help to reduce adverse health consequences such as 
 pulmonary complications, dehydration, and malnutrition; shorten the hospital 
stay; and reduce overall healthcare costs [3–6]. Positive changes in health out-
comes indicate that early and reliable screening of patients at risk of swallowing 
disorders is a vital first step in effective and appropriate dysphagia management. 
Clinical screening methods with which to identify patients who require referral for 
further swallowing functional evaluation, including videofluorography (VF), are 
essential.

The basic parameters in a swallowing evaluation are the patient’s performance sta-
tus (including consciousness level and respiratory status), intellectual function, oro-
pharyngeal structure and function, level of ADL, caregiver use, and available resources.

Basic evaluation should be in the following order before planning further man-
agement, including dysphagia screening, instrumental swallowing assessment, and 
clinical swallowing assessment.

The presence or absence of dysphagia is first determined using screening tests. 
Further evaluation using techniques such as VF, videoendoscopy (VE), or others is 
then performed if the screening test failed and more details of diagnosis are needed 
to achieve a diagnosis. Upon completion of a comprehensive evaluation, the level of 
the patient’s swallowing dysfunction with quantification of aspiration is determined 
with the Dysphagia Severity Scale (DSS) [7] to summarize the functional problem 
(Table 5.1). Additionally, the patient’s eating condition is determined using the 
Eating Status Scale (ESS) (Table 5.2). The patient’s medical stability is determined 
to be unstable or stable, where stable means no signs of dehydration, malnutrition, 
or pneumonia found by observations performed every 2 weeks.

Both the DSS and ESS are correlated with each other and important for treatment 
planning, including making recommendations regarding the diet level,  independence 

Table 5.1 Function severity score of dysphagia using the Dysphagia Severity Scale, a seven-point 
ordinal scale

Severity 
score Definition Characteristics

7 Within normal limits No condition of dysphagia
6 Minimum problem Some symptoms of dysphagia but no need of rehabilitation 

or exercise
5 Oral problem Significant symptoms of oral preparatory or oral stage 

without aspiration
4 Occasional aspiration Possible aspiration or aspiration is suspected due to much 

pharyngeal residue
3 Water aspiration Aspiration of thin liquid. Changes in food consistency will 

be effective
2 Food aspiration Food aspiration with no effect of compensatory techniques 

or food consistency changes
1 Saliva aspiration Unstable medical condition because of severe saliva 

aspiration
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level, interventions, management plan, and the monitoring of swallowing improve-
ment after exercise therapy.

These scales are helpful in comparing the level of swallowing dysfunction within 
and across patients and reevaluating swallowing impairment with respect to treat-
ment effectiveness. Use of the DSS in conjunction with the ESS is essential. 
Although swallowing function (assessed with the DSS) is not altered during reex-
amination, the eating status (assessed with the ESS) can demonstrate improvement 
if safe swallowing and a decrease in the risk of aspiration are achieved by appropri-
ate food adjustment.

5.1  Dysphagia Screening

Evaluation of swallowing in patients who present to the hospital with swallowing 
dysfunction begins with screening. The screening of swallowing function is a rapid 
procedure with the purpose of identifying patients at risk for oropharyngeal dyspha-
gia. Screening should be applied as soon as the patient’s medical condition allows, 
to guide further assessment and determine whether the patient can safely take food 
by mouth. Clinicians should understand the importance of this screening and 
remember that it cannot be used to diagnose dysphagia.

Depending on the setting, screening can be conducted by a physician, nurse, or 
SLHT. Additionally, various screening tests are used in different work settings. No 
single dysphagia screening tool can be regarded as the most effective and ready for 
complete clinical implementation [2, 8].

Patients who undergo a failed initial screening require referral for both clinical 
(noninstrumental) and instrumental swallow assessments. These evaluations allow 
clinicians to obtain a more comprehensive, in-depth understanding of the swallow 
physiology; determine the presence, location, and severity of the impairment; and 
plan further management.

Screening tools need to involve easy-to-perform protocols, few time-consuming 
procedures, and noninvasive methods with which to determine the risk of dysphagia 
and/or aspiration. Above all, the screening tool must have proven reliability and 
validity [9, 10] for use in the clinical setting. Additionally, because the aim of 
screening tools is to identify patients at greater risk of dysphagia, these tools must 
also have high sensitivity and a low rate of false-negative results.

Several dysphagia screening tools are used in Japan. The main screening tests 
performed on a routine basis at FHUR are described below.

Table 5.2 Eating Status Scale, a five-point ordinal Score Characteristics

5 Oral feeding
4 Modified oral feeding
3 Oral > tube
2 Oral < tube
1 Tube feeding only
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5.1.1  Repetitive Saliva Swallowing Test

The repetitive saliva swallowing test (RSST) was developed to safely and simply 
screen patients with functional dysphagia. It detects the patient’s ability to voluntarily 
swallow repeatedly and correlates the results with the risk of aspiration. The patient 
stays in a resting posture and is asked to repeatedly swallow saliva (dry swallow) as 
many times as possible within 30 s. The examiner counts the number of swallows by 
palpation or inspection of laryngeal elevation movement during the swallowing reflex 
(Fig. 5.1). A patient with two or fewer dry swallows within 30 s is likely to have dys-
phagia associated with aspiration and should be further investigated.

The sensitivity and specificity of the RSST to detect aspiration diagnosed using 
VF as reference test are 0.98 and 0.66, respectively [11, 12]. However, the RSST has 
limited clinical applicability in patients with cognitive or linguistic dysfunction 
because these patients may lack the ability to follow instructions.

5.1.2  Modified Water Swallowing Test

The modified water swallowing test (MWST) is used to detect aspiration when 
swallowing water and monitoring the response. A 3-mL volume of cold water is 
placed on the floor of the mouth with a syringe, and the patient is instructed to swal-
low the water followed by two saliva swallows (Fig. 5.2). If the patient is unable to 
swallow or experiences dyspnea, coughing, or wet-hoarse dysphonia after swallow-
ing, a score of 1–3 is recorded and the test is terminated. If the patient is able to 
swallow the water safely, a score of 4 or 5 is recorded depending on the patient’s 
ability to perform the two dry swallows afterward.

Breathing, coughing, and voice quality are scored using a five-point scale (Table 5.3).
The entire procedure is repeated twice more. The final score is determined as the 

lowest score of any trial. This test is an easy, simple, and safe method with which to 
evaluate swallowing function.

The sensitivity and specificity of the MWST to detect aspiration using VF for 
concurrent validity are 0.70 and 0.88, respectively, when the cutoff score is 3 [13, 14].

Hyoid bone
Laryngeal prominence

(Adam’s apple)

© FHUR 2017

Fig. 5.1 The examiner 
places the index and 
middle fingers on the hyoid 
bone and thyroid cartilage, 
respectively, during the 
repetitive saliva 
swallowing test
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5.1.3  Food Test

The food test is a modification developed to screen for solid food dysphagia. The 
procedure and scoring are nearly identical to those of the MWST. A 4-g bolus of 
pudding or jelly is placed on the dorsum of the tongue with a spoon, and the patient 
is then instructed to swallow. In addition to scoring the components of MWST, oral 
residue after swallowing must be inspected (Fig. 5.3; Table 5.4).

Fig. 5.2 The examiner places 3 mL of water 
into the mouth (under the tongue) with a 
syringe during the modified water swallowing 
test

Table 5.3 Scoring system for modified water swallowing test

Score Characters

1 No swallow, cough, and/or frequent breathing
2 Swallowed successfully without coughing but with changes in breathing  

(e.g., frequent breathing)
3 Swallowed successfully with normal breathing but with cough and/or wet-hoarse 

voice
4 Swallowed successfully with normal breathing, no cough, and no wet-hoarse voice
5 Score 4, plus two or more additional dry swallows in 30 s

a b

Fig. 5.3 (a) The examiner places a 4-g bolus of jelly into the mouth with a spoon during the 
food test. (b) Pudding or jelly may be used for the food test ((b) Reproduced from Otsuka 
Pharmaceutical Factory, Inc. with permission)
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The sensitivity and specificity of the food test to detect aspiration as diagnosed 
by VF are 0.72 and 0.62, respectively, when the cutoff score is 4 [14].

5.1.4  30-mL Water Swallowing Test

The 30-mL water swallowing test (WST) was originally described by Kubota [15, 
16] using 30 mL of water at room temperature to detect aspiration. The patient is 
asked to drink water from the cup in the sitting position as usual. The drinking pro-
file is based on a five-point scale, and the occurrence of drinking episodes (described 
below) and duration of drinking are monitored and assessed (Table 5.5).

5.1.4.1  Drinking Episodes

Examples of drinking episodes include sipping, holding water in the mouth while 
drinking, escape of water from the mouth, a tendency to try to force himself/herself 
to continue drinking despite choking, and drinking water in a cautious manner.

5.1.4.2  Diagnosis

Normal: Completed Profile 1 within 5 s
Suspected aspiration: Completed Profile 1 in more than 5 s or completed Profile 2
Abnormal: Completed any of Profiles 3 through 5

Table 5.5 Scoring system for 30-mL water swallowing test

Score Characters

1 Drink all the water in one gulp without choking
2 Drink all the water in two or more gulps without choking
3 Drink all the water in one gulp but with some choking
4 Drink all the water in two or more gulps but with some choking
5 Chokes and has difficulty drinking all the water

Table 5.4 Scoring system for food test

Score Characters

1 No swallow, cough, and/or frequent breathing
2 Swallowed successfully without coughing but with changes in breathing  

(e.g., frequent breathing)
3 Swallowed successfully with normal breathing but with cough and/or wet-hoarse 

voice and/or moderate residue in oral cavity
4 Swallowed successfully with normal breathing, no cough, no wet-hoarse voice, 

and almost no residue in oral cavity
5 Score 4, plus two or more additional dry swallows in 30 s

K. Pongpipatpaiboon et al.



41

Nevertheless, because of the high risk of aspiration in patients with stroke and 
older individuals swallowing large amounts of water, the above-described 3-mL 
MWST was developed for use on the first attempt; this is followed by the 30-mL 
WST (Fig. 5.4).

Notably, the laryngeal movement, timing/completeness/number of swallows, 
pre–post-voice quality, coughing/throat clearing, absent or delayed swallowing, and 
oral residue should be observed and recorded during all trial swallows.

At the FHUR, a certified nurse of dysphagia nursing is the main person who 
administers the swallowing screening test to patients who are at risk of dysphagia or 
are suspected to have dysphagia. Figure 5.5 shows a diagram of dysphagia screen-
ing executed by a certified nurse of dysphagia nursing at the FHUR.

Safety is an important consideration. A pulse oximeter for monitoring the arterial 
oxygen saturation, tools for clinical observation, and a suction unit should be ready 
in case they are needed during the swallow test. Furthermore, these screening tests 

Type of test

Level of difficulty

30-ml WST

3-ml MWST

RSST

FT

© FHUR 2017

Fig. 5.4 Degree of test 
difficulty. *The accuracy 
of the screening result can 
be increased by the 
combination of different 
screening tests

Unstable medical
condition •

no swallow reflex

RSST

Thick LQ 3 ml

Thick LQ 10 ml

Water 3 ml

Water 10 ml
Cup water

30 ml FT

cough

Cough • hoarseness
Cough • hoarseness •
Pharyngeal residue

Denture
problem

© FHUR 2017

Oral residue

DSS 1

DSS 2

DSS 3 DSS 4

DSS 7

DSS 6
DSS 5

Fig. 5.5 Guideline of dysphagia screening tests in FHUR. The Dysphagia Severity Scale is used 
to determine the severity of swallowing dysfunction during the swallowing screening
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Suspected / presenting with swallowing
dysfunction

Initial screening tests

FAIL

Goal :
1. Identify patients with greater risk of
 dysphagia (aspiration, penetration)
2. Guide further evaluation

Goal :
1. Identify dysphagia:possible site, severity, prognosis
2. Find most appropriate treatment

© FHUR 2017

Further dysphagia assessment
1. Clinical dysphagia assessment
 and / or
2. Instrumental measures
 (Treatment-oriented examination)

Prescribing individually appropriate treatment

Fig. 5.6 Evaluation of patients with suspected dysphagia

may not detect silent (subclinical) aspiration and cannot always provide information 
that is useful for treatment.

Other than the screening tests used at FHUR, a large amount of emerging evi-
dence shows that dysphagia screening tools are sensitive, specific, and easily admin-
istered without extensive training (Appendix). Moreover, dysphagia screening can 
alternatively be performed with the use of questionnaires, which are being increas-
ingly used to collect data that quantify the symptomatic severity of dysphagia as 
experienced by the patient. These questionnaires also have evidence supporting 
their clinical use (e.g., the ten-item Eating Assessment Tool, Seirei Questionnaire of 
Swallowing, Swallow Disturbance Questionnaire).

Another step after screening is a more comprehensive assessment. Patients with 
suspected dysphagia or who are at high risk of dysphagia require further assessment 
after the screening test has failed.

Swallowing assessment after screening encompasses a clinical swallow assess-
ment and instrumental measures. The combination of clinical and instrumental 
measures contributes to a more comprehensive understanding of the patient’s swal-
lowing problem, allowing the clinician to gather useful information for a proper 
diagnosis and individualized treatment planning. The diagram below  illustrates a 
holistic approach for patients with suspected or confirmed dysphagia (Fig. 5.6).
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5.2  Clinical Swallowing Assessment

A positive (failed) screening result is followed by a clinical swallowing examina-
tion. This pathway is very useful in centers with sufficient amounts of clinicians and 
equipment, like the FHUR. Alternatively, a clinical swallowing examination can be 
performed before further evaluation or instrumental examination in small centers 
with a shortage of human resources and/or equipment.

The clinical swallowing assessment serves to validate and identify the severity of 
dysphagia and guide further management. The main objectives of the evaluation are 
problem recognition, identification of the pathophysiology involved, and acquisition 
of data to determine the etiology of the condition.

This information is gathered to gain a more holistic view of the patient, make 
decisions on his or her swallowing ability, and make predictions regarding the 
presence or absence of dysphagia and aspiration. Thorough history-taking and 
physical examination, including medication use, is essential to determine the 
etiology of dysphagia. Swallowing is a complex process, and dysphagia may result 
from abnormalities in any of the many steps necessary for deglutition. These various 
causes can be classified by patient age range or pathophysiology. The pathophysiologic 
disorders causing dysphagia can be categorized as shown in Table 5.6.

The pie chart in Fig. 5.7 shows the etiologies of VF-diagnosed dysphagia among 
275 patients at FHUR in 2016. The average age of the patients was 66 ± 19 years 
(range, 10.8 months to 97 years). Poststroke dysphagia was the most common eti-
ologies of dysphagia.

Table 5.6 Major categories of various disorders causing dysphagia

Neuromuscular disorders •  Central nervous system diseases (such as stroke, Parkinson 
disease), multiple cranial nerve palsy, bulbar palsy (e.g., multiple 
sclerosis, motor neuron disease)

•  Myasthenia gravis, muscular dystrophy, etc.
Mechanical and 
obstructive disorders

•  Head and neck malignancy and their consequences of surgery 
and/or radiotherapeutic interventions

•  Acute inflammation or infections (e.g., retropharyngeal 
abscesses)

• Zenker diverticulum
• Cervical osteophytes
• Fibrosis/cricopharyngeal bar
• Tracheostomy, etc.

Esophageal disorders •  Structural disorders (tumors, eosinophilic esophagitis, infections, 
radiation injury, esophageal rings and webs, etc.)

•  Dysmotility (achalasia, esophageal spasm, scleroderma, 
connective tissue disease (e.g., myositis))

• Gastroesophageal reflux disease
Others •  Drug-induced, psychogenic, age-related changes, major 

categories of head and neck disorders causing dysphagia
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The most efficient and precise technique with which to identify dysphagia 
requires a thorough comprehensive evaluation of the patient’s medical history and a 
complete physical examination.

5.2.1  Medical History

A comprehensive history must include the information shown in Table 5.7.
This information is ideally obtained directly from the patient. However, when the 

patient is unable to provide this information because of a limited cognitive status or 
language restriction, the history of the swallowing problem is acquired and validated 
by the patient’s family or caregiver, the medical team, and/or the medical record. 
Knowledge of the potential etiology of the dysphagia is critical. A curable or 
ameliorating etiology, such as infection or stroke, respectively, can suggest the 
potential to improve the patient’s swallowing ability. Conversely, a progressive 
 disease such as a neurodegenerative disease or amyotrophic lateral sclerosis suggests 
a poor swallowing prognosis over time. This information affects the ability to 
establish a feasible and appropriate treatment plan.

5.2.2  Physical Examination

It is important to assess the patient’s physical findings in terms of both structure and 
function. This assessment consists of various general assessments (described below) and 
evaluation of the cranial nerves, particularly cranial nerves V, VII, IX, X, and XII because 
these are strongly associated with the motor and sensory functions of swallowing.

© FHUR 2017
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Fig. 5.7 Etiologies of 
swallowing disorders 
diagnosed by VF at FHUR 
in 2016
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5.2.2.1  General Assessments

The four primary areas of examination in the general assessments are:

 1. Mental status

• Alertness/wakefulness, cooperation, orientation, and communication

 2. Nutritional status

• Type of feeding, signs of dehydration, signs of malnutrition, and body mass 
index

Table 5.7 Medical history required for diagnosis

Patient presenting 
symptoms

•  Difficulty initiating a swallow, repetitive swallowing
•  Take extra effort to swallow liquids/solids/pills
•  Changes of tastes
•  Nasal speech, nasal regurgitation
•  Drooling
•  Coughing and/or choking (before, during, or after swallowing)
•  Globus pharyngeus (feeling of food stuck in the throat)
•  Painful swallow
•  Dysarthria
•  Wet hoarseness (gurgling voice)
•  Changes voice/speech after swallow
•  Changes in breathing when eating or drinking
•  Increasing secretion
•  Halitosis
•  Weight loss, etc.

Past history and 
current medical 
status

•  Diagnosis of neurological diseases (e.g., stroke, Parkinson disease, 
myasthenia gravis, cranial nerve-involved diseases)

•  Other underlying diseases accompanying dysphagia or related to 
possible coexisting swallowing disorders (e.g., head and neck cancer, 
chronic obstructive pulmonary disease, congestive heart failure, 
gastrointestinal diseases)

•  Dental disorder and previous treatment
Current medication •  Anticholinergics, antipsychotics, tricyclic antidepressants, antiepileptic 

drugs, skeletal muscle relaxants, sedative drugs, etc.
Specific 
swallowing history

•  Onset, duration, and course of problem: gradually worse in case of 
neurological disorders in particular

•  Weight loss, loss of appetite
•  History of recent and recurrent pneumonia
•  Eating condition: oral/dental status, feeding dependency, difficult food/

liquid items, length of meal time taken, precipitating or alleviating 
factors, episodes and frequency of choking/coughing, drooling/difficulty 
of saliva swallowing, energy level

•  Previous swallowing assessment (intervention and treatment provided)
Sociocultural 
status

•  Cultural background, personal and environmental support
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 3. Respiratory status

• Respiratory rate, arterial oxygen saturation, breathing patterns, ability to hold 
breathing, and difficulty of breathing

• Chest auscultation
• Weakness of voluntary cough
• Presence of tracheostomy and type of tracheostomy tube
• Saliva aspiration and the presence of secretion
• Suction equipment

 4. Oral healthcare and dentition

• Oral hygiene, oral mucosa (moist/dry), food residue, dentures, tooth decay, 
mucositis/gingivitis, etc.

In addition, postural control (ability to maintain the sitting position), mobility 
function, ambulatory level, and requirement of assistance should be assessed.

5.2.2.2  Assessment of Oromotor Control and Vocal Function

• Jaw movement,  labial function, and cheek and facial movement
• Lingual function (at rest and during movement)
• Soft palate and pharynx: weakness, asymmetry, and sensation of the posterior 

pharyngeal wall
• Laryngeal function

 – Vocal quality (normal, hoarseness, wet/gurgling voice)
 – Volitional cough (strong, weak, absent)
 – Throat clearing (strong, weak, absent)
 – Phonation time (seconds)

• Others: dysarthria, oral apraxia, laryngeal elevation, and reflexes (gag reflex, bite 
reflex)

The evaluation guidelines proposed by the JSDR in 2011 suggest the need to 
clinically evaluate the patient with respect to at least eight items:

 1. Cognition
 2. Observation of eating
 3. Range of motion of the head and neck
 4. Dental prosthesis and oral hygiene
 5. Oral motor and sensory examination
 6. Phonation and articulation
 7. Pulmonary function
 8. Nutrition and hydration

Clinical diagnosis of dysphagia in Japan is performed by physiatrists, SLHTs, 
and nurses. Nevertheless, it is important to note that the clinical swallowing 
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examination has several limitations. It cannot be used to identify the underlying 
swallowing impairment, confirm airway invasion, determine the effects of 
compensatory strategies, or recommend appropriate rehabilitation approaches. 
Instead, an instrumental swallowing evaluation (VF and/or VE) is warranted for 
these purposes and should be implemented.

5.3  Instrumental Swallowing Assessment

The instrumental swallowing assessment helps the clinician to identify the biome-
chanical aspects of the patient’s swallowing dysfunction, determine the risk of aspi-
ration, assess the patient’s compensatory strategies, and make swallowing 
rehabilitation training recommendations through the appropriate use and interpreta-
tion of a diagnostic swallow procedure. Instrumental swallowing assessment 
involves any or all of the following procedures to examine a particular aspect of 
swallowing. Such assessment not only provides valuable information with which to 
achieve a clinical diagnosis but also facilitates establishment of the most appropri-
ate swallowing rehabilitation training program.

• Assessment of structural and functional swallow
• Assessment of adequacy of airway protection
• Assessment of coordination of respiration and swallowing
• Screening of esophageal motility and gastroesophageal regurgitation
• Assessment of the effects of changes in bolus delivery, changes in bolus charac-

teristics (consistency and volume), and compensatory swallowing strategies 
using therapeutic postures or maneuvers

Aspiration is concerning because it can lead to aspiration pneumonia or pulmo-
nary disease, which can be fatal in many cases. Therefore, accurate assessment of 
aspiration and identification of pathophysiology under aspiration is essential.

An instrumental swallowing assessment is indicated to achieve the correct 
diagnosis and plan appropriate management that ensures safe and effective swal-
lowing in patients who have dysphagia or are at high risk of developing dysphagia 
when:

• Signs and symptoms are not consistent with the clinical examination findings.
• Further detailed information is needed to determine the most likely diagnosis or 

underlying swallowing impairment.
• The safety and efficiency of the swallow are being assessed.
• Compensatory strategies are being assessed, and the most appropriate rehabilita-

tion protocol is being individually recommended, including behavioral and 
dietary management.

• The swallow function changes after treatment, or the patient has a chronic degen-
erative disease that is known to gradually progress.
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The two main swallowing diagnostic tools are VF and VE. Both procedures are 
considered to be the gold standard techniques for swallowing evaluation because 
they are outstanding treatment-oriented tools and have undergone evidence-based 
validation. Which procedure is needed for a swallow evaluation is determined by 
individual patient characteristics and the purpose of the evaluation.

5.3.1  Swallowing Examination by Videofluorography (VF)

Swallowing examination using VF is a treatment-oriented evaluation that provides 
real-time visualization of the bolus trajectory in the oral cavity, oropharynx, hypo-
pharynx, and esophagus using various consistencies and volumes of barium-coated 
trial materials.

VF has been proposed as the gold standard assessment method with which to 
establish a standard for image evaluation and is considered a mandatory tool for 
swallowing evaluation. It allows for a kinematic evaluation during the study and a 
more detailed kinematic analysis using the recorded image after the study, 
contributing to the establishment of a treatment plan.

VF provides two essential feedback parameters for treatment: knowledge of 
results and knowledge of performance. Knowledge of results is the feedback regard-
ing whether aspiration and/or residue is present. Knowledge of performance is the 
feedback regarding how to eliminate this aspiration/residue. Thus, for knowledge of 
results, identifying the least difficulty task that can prevent aspiration and/or residue 
is essential, and for knowledge of performance, detecting the tip to eliminate aspira-
tion and/or residue is essential. Determining appropriate food modification, postural 
techniques, and swallowing maneuvers as the least difficulty task and tip are the 
basis of evaluation. VF also allows the clinician to assess the availability, adequacy, 
and effect of the intervention in terms of reaching the treatment goal.

Four evaluation points are important when performing VF:

• Handling bolus in mouth (chewing, bolus formation, bolus propelling)
• Position of the bolus head
• Evidence of aspiration/penetration (before, during, or after swallow)
• Volume and location of the oral and/or pharyngeal residue

The results of these evaluations will help to determine the most effective strate-
gies (e.g., bolus modification or postural techniques during VF) that ensure efficient 
and safe swallowing. Other details should also be observed depending on the 
individual patient’s problems.

Laryngeal penetration and the risk of aspiration associated with the bolus type 
are observed while performing VF. The order of the tests is not fixed; the clinician 
adapts the examination to the individual patient. The clinician can select the bolus 
materials depending on the patient’s swallowing impairment and complaints about 
foods that are difficult to swallow. According to the differences between eating 
and drinking, clinicians should evaluate both of these behaviors in terms of the 

K. Pongpipatpaiboon et al.



49

chew–swallow complex. One study demonstrated that the act of chewing was a 
prime determining factor of the chew–swallow complex during stage II transport 
of the process model [17].

As seen in Fig. 5.8, the two-phase food (mixed food) is associated with the high-
est risk of aspiration because the bolus head is significantly lower in the food path-
way at swallowing onset than either liquid or corned beef hash. The leading edge of 
the two-phase food reaches the vallecula or a lower area of the hypopharynx before 
swallowing onset. This means that the patient’s chewing manner influences the depth 
of the leading edge of the bolus at the onset of pharyngeal swallow. This occurs even 
when drinking liquid by performing chewing. Clinicians should therefore assess the 
chew–swallow complex in addition to performing conventional VF, and a two-phase 
food should be used to evaluate the risk of aspiration (Table 5.8).

0

Mixed chew swallow

Cookies chewing
swallowing

Corned beef chewing
swallowing

Liquid chew swallow

Liquid command swallow

Oral cavity (OC)

Vallecula (VAL)

Hypopharynx (HYP)

Upper oropharynx (UPO)

© FHUR 2017
20 40 60 80 100%

Fig. 5.8 The bolus position at the time of the swallowing onset based on the bolus characteristics. 
A mixed chew–swallow refers to a two-phase food comprising liquid barium and corned beef hash. 
*This was the result of ten healthy subjects (six male, four female; age, 29 ± 4 years) using 10 mL 
of liquid barium, 8 g of corned beef hash, 8 g of cookie, and a bolus of mixed consistency (4 g of 
corned beef hash and 5 mL of liquid barium)

PD CB LQ4 LQ10 CUP MX

PD ○ ○ ○ ○ ○
CB ● ○ ○ ○ ○
LQ4 ● ● ○ ○ ○
LQ10 ● ● ● ○ ○
CUP ● ● ● ● ○
MX ● ● ● ● ●

●  More likely to cause aspiration
○  Less likely to cause aspiration
PD pudding-thick texture, CB corned beef hash, LQ4 4 mL of 
thin liquid, LQ10 10  mL of thin liquid, CUP one swallow 
from a cup, MX two-phase mixture of 4 g of corned beef hash 
and 5 mL of thin liquid

Table 5.8 Paired comparisons 
to determine risk of aspiration 
among various types of foods 
and drinks [18]
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Patients with dysphagia should be assessed with caution when eating multi- 
textured food to clarify the most appropriate bolus types for each patient. 
Prepared bolus materials should be initially tested from the safest and easiest to 
the most difficult materials, and the patient should begin the examination using 
a small amount of liquid barium or a small bolus of food to enable safe assessment 
of the patient’s basic swallow physiology and clarification of further management. 
If the bolus can still be safely swallowed after modification of its consistency 
and volume, the study proceeds by administration of the next bolus with a higher 
risk of aspiration (more difficult task). This step-by-step administration is 
continued until the clinician detects the task that results in aspiration. Various 
foods and liquids that differ in volume, consistency, and texture are used. Liquid 
barium is administered by syringe for 4- and 10-mL boluses placed under the 
tongue and by cup or straw for 30-g boluses to observe sequential drinking. 
**The patient is asked to hold the bolus in his or her mouth until instructed to 
swallow.

In addition to modification of the boluses administered during VF, postural tech-
niques (e.g., head rotation, trunk rotation, reclining posture, head/neck flexion) and 
swallowing maneuvers (e.g., super-supraglottic swallow, Mendelsohn maneuver, 
Effortful swallow) can be utilized to enhance safety and facilitate selection of 
appropriate treatment. These procedures help to determine how to improve the 
oropharyngeal swallow and return the patient to full oral intake as quickly as 
possible (Table 5.9).

Table 5.9 Summary of common bolus materials, postural techniques, and therapeutic maneuvers 
used during videofluorography

Various foods and liquids
    •  Volume 2 mL and then go further with 4 mL, 10 mL, and cup drinking (30 g)
    •  Bolus
          − Thin liquid, nectar-thickened liquid, and honey-thickened liquid
          − Semisolid, solid food, and two-phase food (chew–swallow)
Posture strategies
    • Head and/or neck flexion (chin tuck)
    • Head rotation
    • Reclining
    • Trunk rotation
Swallowing maneuvers
    • Effortful swallow
    • Mendelsohn maneuver
    • Supraglottic swallow
    • Super-supraglottic swallow
    • Etc.

K. Pongpipatpaiboon et al.
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The most important image of the swallowing study is the lateral view, which 
enables observation of the movement of the tongue base, soft palate elevation, 
hyolaryngeal elevation, laryngeal closure, contraction of the pharyngeal 
constrictor, and opening of the upper esophageal sphincter (UES). However, the 
anteroposterior view must also be assessed because it provides important 
clinical information regarding the pharyngeal constriction, the laterality of 
bolus flow (symmetrical characteristic), the side on which the pharyngeal 
residue is located, and anatomical abnormalities such as pharyngeal diverticula. 
This view also allows for assessment of the esophageal stage, including delayed 
esophageal transit time (<30 s is acceptable) and gastroesophageal regurgitation 
(Table 5.10).

Table 5.10 Key features observed in the lateral and anteroposterior fluoroscopic views

Lateral view AP view

Boundaries of lateral fluoroscopic view
     •   Nasopharynx superiorly
     •   Cervical esophagus inferiorly 

(below UES)
     •  Lip anteriorly
     •  Cervical spine posteriorly

Boundaries of AP fluoroscopic view
•  Nasopharynx superiorly
•  Cervical esophagus inferiorly (below UES)
•  Lateral pharyngeal walls

Point of view: structural movement
     •  Lip closure
     •  Tongue motion
          − Base of tongue retraction
          − Squeeze back
     •  Soft palate elevation
     •  Epiglottis inversion
     •  Pharyngeal contraction
     •  UES opening

Point of view: structural movement
•  Tongue motion
− Tongue rotation
− Mastication
− Food transport
•  Pharyngeal contraction
•  Symmetry of bolus trajectory
•  UES opening
•  Esophageal motion

Bolus flow trajectory and functional 
abnormalities
     •  Leakage from lip (drooling)
     •  Poor bolus formation and transfer
     •  Premature spillage
     •  Penetration/aspiration (before, during, 

after swallowing)
     •  Impaired pharyngo-laryngeal elevation
     •  Residue (oral, pharynx, vallecular, 

pyriform sinuses)
          − Amount
          − Location
          − Patient response
     •  Nasal/pharyngeal regurgitation

Bolus flow trajectory and functional 
abnormalities
•  Tongue motion weakness
•  Poor bolus formation and transfer
•  Impaired pharyngo-laryngeal elevation
•  Impaired pharyngeal contraction
•  Laterality of bolus flow (asymmetrical property)
•  Residue located side
•  Incompetent esophageal peristalsis
•  Slow esophageal transit through the esophagus
•  Esophago-pharyngeal regurgitation and 

gastroesophageal regurgitation
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5.3.1.1  Swallowing Study by VF: Anatomical Overview

Figures 5.9 and 5.10

Hyoid bone

Vallecula

Epiglottis

Laryngeal vestibule

Vocal cord

© FHUR 2017

Cervical
esophagus

Pyriform sinus

Hypopharynx

Oropharynx

Nasopharynx

Trachea

Fig. 5.9 Overview of oral 
and pharyngeal lateral 
fluoroscopic view

© FHUR 2017

Vallecula

Pyriform
sinus

Fig. 5.10 Anteroposterior fluoroscopic images. (Left) overview of oral and pharyngeal view. 
(Right) esophageal view

K. Pongpipatpaiboon et al.
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5.3.1.2  Three Mandatory Evaluation Points During VF

Position of the Bolus Head at Swallow Initiation

Figure 5.11

Aspiration and Penetration

Figures 5.12, 5.13, and 5.14

© FHUR 2017

Two-phase mixtureCorned-beefLiquid

Fig. 5.11 Three leading edges of boluses. In a normal subject, the leading edges vary depending on 
the bolus type at swallowing onset, (left) liquid; swallowing onset occurs when the bolus head 
reaches the lower jaw line, (middle) corned beef; swallowing onset occurs when the bolus head 
reaches the vallecular, (right) two-phase food; swallowing onset occurs when some of the  
bolus reaches the lower area of the hypopharynx

Fig. 5.12 Penetration (arrow) during swallowing on the lateral fluoroscopic view. The dotted line 
indicates the level of the true vocal cords
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Determination of the cause of aspiration is the main purpose of a VF study, as 
shown in Table 5.11.

Aspiration

Pharyngeal residue
throughout the pharynx

Oral residue
Fig. 5.13 Aspiration is demonstrated 
during a swallow on the lateral fluoroscopic 
view. The bolus enters the laryngeal 
vestibule down to the anterior wall of the 
trachea. Evidence of residue is present 
throughout the bolus pathway including the 
oral cavity, pharyngeal wall, vallecula, and 
pyriform sinus

During swallow reflex Before swallow reflex After swallow reflex
© FHUR 2017

Fig. 5.14 Three types of aspiration (during, before, and after swallow), providing information 
regarding the patient’s physiological abnormalities

Table 5.11 Possible causes of aspiration at three time points during videofluorography

Aspiration time Possible causes

Aspiration during the swallow Impaired laryngeal elevation
Impaired laryngeal closure

Aspiration before swallow 
reflex triggered

Reduced tongue control, delayed or absent swallow reflex

Aspiration after the swallow 
(when the larynx lowers and 
opens for respiration)

Remained residue in the vallecula and pyriform sinuses from 
any reasons (such as weakened pharyngeal constrictors, 
reduced hyolaryngeal elevation, cricopharyngeal 
dysfunction), esophago-pharyngeal regurgitation

K. Pongpipatpaiboon et al.
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Pharyngeal residue

Both the amount and location of the residue should be considered because this 
might allow the clinician to determine the risk of aspiration. The possibly impaired 
mechanisms may be identified from the location of the residue (Fig.  5.15; 
Table 5.12).

5.3.1.3  Other Abnormalities Identified by VF study

Figures 5.16 and 5.17
As previously described, VF is a treatment-oriented tool that can be used to 

determine the least difficulty task to provide swallowing rehabilitation training for 
prevention of aspiration while swallowing and reduction of the volume of residue in 

© FHUR 2017

Residue in pyriform
sinus

Residue in vallecula

Fig. 5.15 Bolus residue at the vallecula and pyriform sinuses on the lateral and anteroposterior 
fluoroscopic views

Table 5.12 Possibly impaired mechanisms as predicted from the location of the residue

Location of 
residue Impaired mechanism

Oral cavity Incompetent bolus formation and propulsion (due to oromotor weakness)
Nasopharynx Incompetent velopharyngeal closure
Tongue base Inadequate lingual propulsion
Vallecula Reduced/absent epiglottic retroflexion (due to reduce hyoid elevation), 

reduced base of tongue retraction
Pyriform sinus Reduced pharyngeal shortening or reduced UES opening
Posterior 
pharyngeal wall

Reduced base of tongue retraction, weakened pharyngeal constrictors

5 Clinical Evaluation of Dysphagia
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the pharynx. Aspiration and laryngeal penetration during VF can often be identified 
in dysphagic patients depending on various clinical variables. Essentially, VF can 
provide a clinical approach to enhancement of the safety of swallowing by changing 
the position of the patient’s head and/or trunk and modifying various food parame-
ters including consistency and bolus volume. The applicability of these postural 
strategies and food modifications is described in Part III (Figs.  5.18, 5.19, 5.20, 
5.21, and 5.22)

Fig. 5.16 Esophageal retention 30 s after 
swallowing caused by incompetent 
esophageal peristalsis; poor esophageal 
transit through the esophagus

Fig. 5.17 Tracheoesophageal fistula is demonstrated during a swallow in an infant. The bolus 
passes into the laryngeal vestibule and enters the trachea

K. Pongpipatpaiboon et al.



57

These factors should be included in each VF study to determine the most effec-
tive way to ensure safe swallowing. This will allow the clinician to recommend 
techniques to avoid aspiration, especially in patients with a high risk of silent 
aspiration.

Liquid Paste Liquid / Reclining

Aspiration (+)
during swallowing

Aspiration (−) Aspiration (−)

© FHUR 2017

Fig. 5.18 VF provides an understanding of the least difficulty task that exists among these photo-
graphs. (Left) aspiration of liquid, (middle) modification of the food to become more paste-like can 
prevent aspiration, and (right) postural technique (reclining) to prevent aspiration during a liquid 
swallow. Thus, a safe exercise plan can be prescribed with combinations of these postures and food 
modifications

Sitting Reclining 60°

Fig. 5.19 Effect of the reclining posture during VF with a spoonful of rice porridge. (Left) sitting 
position; a large amount of residue is present in the oral cavity and vallecula after swallowing. 
(Right) reclining 60°; a decreased amount of residue is present in both the oral cavity and vallecula, 
and the time required for the swallow has been shortened

5 Clinical Evaluation of Dysphagia
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5.3.1.4  Analyses, Interpretation, and Reporting

The medical review of committee of JSDR published a manual for the standard VF 
procedure in 2001. VF evaluation forms and detail instructions regarding scoring are 
available in this manual. Analysis of the VF study results at FHUR is performed 
using the FHUR-VF evaluation form, which was originally made mostly based on 
the recent manual of the standard VF procedure [19]. Eighteen components are 

© FHUR 2017 © FHUR 2017

© FHUR 2017

Head neutral Left head rotation Left head rotation with
right trunk rotation

Fig. 5.20 Effect of trunk rotation with opposite head rotation to prevent aspiration during VF with 
a 2-mL bolus of nectar-thickened liquid (arrow = aspiration). (Left) neutral head position; a large 
amount of residue is present at the bilateral pyriform sinuses after swallowing, and aspiration has 
occurred after the swallow because of the residue in the pyriform sinuses and insufficient laryngeal 
closure. (Middle) left head rotation helps to reduce residue accumulation because of stronger pha-
ryngeal contraction on the right side. However, head rotation alone is not enough to protect against 
post-swallowing aspiration. (Right) left head rotation with right trunk rotation; no signs of aspira-
tion are seen even with a small amount of residue remaining

Neck extension:
aspiration during swallowing

Head and neck flexion:
prevent aspiration

© FHUR 2017

Fig. 5.21 Effect of head and neck flexion to prevent aspiration during VF with a 4-mL bolus of 
thin liquid

K. Pongpipatpaiboon et al.
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evaluated, six in the oral domain, ten in the pharyngeal domain, and two in the 
esophageal domain (Fig. 5.23). Additionally, the eight-point Penetration- Aspiration 
Scale is used to evaluate aspiration. This scale provides reliable quantification of 
penetration and aspiration events during VF study [20]. The Penetration-Aspiration 
Scale is well known and has become the standard tool with which to describe the 
severity of penetration/aspiration. The scale is divided into eight different levels, and 
any score of >2 is considered abnormal (Table 5.13).

To summarize the results of each VF study, the SLHT scores every component 
for each bolus trial while performing the VF study. The DSS and ESS are used to 
rate the patient’s functional swallowing problems and conditional eating status as 
well as guide the future treatment plan (Table 5.14) and recommendations regarding 
safe foods for the patient (Fig. 5.24).

Upon completion of the VF evaluation, the physiatrist, SLHT, and any other 
healthcare members involved in the investigation analyze all of the collected 
information.

The VF study report provides the following data:

 1. Result of swallowing under all conditions used during the study

• Lateral and anteroposterior views
• Various volumes, consistencies, and textures of foods and liquids
• Postural techniques and swallowing maneuvers
• Behavior and compliance of patient

 2. Nature of the swallowing problem: most likely pathophysiologic mechanism of 
swallowing impairment

Fig. 5.22 (Left) a patient with Wallenberg syndrome. Bolus residue is present in the right pyriform 
sinus. (Right) right head rotation manipulates the space for changing the path of bolus flow in the 
pharynx and helps to minimize bolus residue in the right pyriform sinus, leading to a decreased risk 
of aspiration
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Fig. 5.23 VF evaluation form used at FHUR (Modified and translated into English)

K. Pongpipatpaiboon et al.
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 3. Timing (before, during, or after swallowing) and cause of aspiration
 4. Decisions regarding the most appropriate treatment plan

• Safest modified food and drink
• Essential therapeutic interventions and exercises needed

5.3.1.5  Equipment

At FHUH, we use a digital X-ray television system (ZEXIRA DREX-ZX80; 
Toshiba Medical Systems Corporation, Otawara, Japan) and a digital video recorder 
(WVD9000; SONY, Tokyo, Japan). The fluoroscopy system typically consists of a 
radiograph detector, radiograph source (X-ray tube), and a monitor and is located in 
the examination room. The X-ray is converted into video images that can be recorded 
for further evaluation and analysis. The ability to record the studies using the high-
est possible number of images generated per second is essential for accurate inter-
pretation and analysis. The optimal frame rate is ≥30 frames per second captured on 
a recording system. This frame rate is used in our center and is a practical recom-
mendation to prevent the clinician from missing significant pathology. A VF study 
chair (Tomei Brace Co., Ltd., Seto, Japan), the reclining level of which can be 
adjusted based on the patient’s ability, is used during the examination.

5.3.1.6  Oral Contrast Media for VF study

The test material used during VF is important. To view a bolus under fluoroscopy, 
all foods and drinks must contain a radiopaque portion for visualization of the 
dynamic movement of the swallow under fluoroscopy. No gold standard technique 
of preparing contrast media for VF has been established. The most recommended 

Table 5.13 Penetration-Aspiration Scale [20]

Score Descriptions

1 Material does not enter the airway
2 Material enters the airway, remains above the vocal folds, and is ejected from the 

airway
3 Material enters the airway, remains above the vocal folds, and is not ejected from 

the airway
4 Material enters the airway, contacts the vocal folds, and is ejected from the airway
5 Material enters the airway, contacts the vocal folds, and is not ejected from the 

airway
6 Material enters the airway, passes below the vocal folds, and is ejected into the 

larynx or out of the airway
7 Material enters the airway, passes below the vocal folds, and is not ejected from 

the trachea despite effort
8 Material enters the airway and passes below the vocal folds, and no effort is made 

to eject

5 Clinical Evaluation of Dysphagia
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concentration for oropharyngeal swallowing examination is 40% weight/volume 
(W/V), which provides adequate visibility and prevents the clinician from missing 
critical events such as silent aspiration. Alteration of the barium concentration could 
influence the result of the evaluation. Thus, clinicians must carefully consider this 
issue when conducting and interpreting a VF study.

A barium sulfate formulation with a 100% W/V ratio (Bamstar S 100; KAIGEN, 
Osaka, Japan) is used to make an oral contrast media for VF study at FHUR. Foods 
and liquids with various viscosity, consistency, and texture are prepared according 
to our recipe. We dilute the barium sulfate suspension by 50% using water, and we 
then add a thickening powder to adjust the consistency as needed. The bolus 
materials prepared for VF in our institution are thin liquid barium, nectar-thickened 
liquid barium, honey-thickened liquid barium,  spoon-thick liquid barium, corned 
beef hash (100 g/can of corned beef is mixed with 10 mL of 100% W/V barium 
suspension and 15 g of barium powder), rice porridge, soft and hard barium jelly, 
and cookie (Fig. 5.25; Tables 5.15 and 5.16).

Iodine-based, nonionic contrast medium (low osmolality) such as Iopamiron 
300 (Bayer Japan, Tokyo, Japan) is recommended for VF in infants and young 

No oral feeding

DSS2
DSS3

DSS5

DSS4 DSS6

Jelly food

Paste food

Rice gruel, chopped food with
thickened soup

Rice gruel mechanical soft food

Soft rice and soft food

Regular food

© FHUR 2017

Fig. 5.24 Dysphagia 
Severity Scale score is 
used to recommend the 
most appropriate diet type 
for dysphagic patients 
(Recommended diet of 
DSS 2 is used merely in 
swallowing exercise with 
professionals)

Hard jelly 4g

Corned beef

8g Rice porridge

Thin LQ
30g

Soft jelly

Thin
LQ

Cookie
Grape jelly

© FHUR 2017

Nectar Honey
Spoon-

thick

Thin LQ, 1%, 2, 4% thickened liquid barium

Fig. 5.25 (a) Liquid 
suspension and powder 
form of barium sulfate 
used at FHUR. (b1, b2) 
Equipment prepared for 
VF study

K. Pongpipatpaiboon et al.
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children and is used at FHUR. This contrast agent is a clear, colorless water solution 
with sufficient efficacy to provide images. It is commonly used to visualize vessels 
but can also be used for other purposes (e.g., intrathecally, intra-abdominally, and 
for cystourethrography). The advantage of this contrast agent is that it is more 
easily absorbed and less irritating to tissues when leakage into the tissues occurs. 
Additionally, it is less likely to cause pulmonary edema or fluid shifts in patients if 
they had occured aspiration of contrast agent into the lungs during VF. Because of 
its high cost, this agent is predominantly utilized in infants and young children. A 
number of pediatric studies have revealed that this lower-osmolality contrast agent 
is well-tolerated by infants, including medically fragile patients, during 
gastrointestinal tract examinations.

5.3.1.7  Performance of VF study

The setup for a VF study using a special swallowing chair and the positioning 
required for lateral projection are shown in Fig. 5.26. The patient’s posture can be 
adjusted based on his or her history and condition. The patient is initially placed in 

Table 5.15 Summary of the properties of modified foods used for VF study at FHUR

Category Bolus
Concentration of 

barium Texture

Liquid Thin liquid 50% W/V 16 mPa s
Nectar- 

thickened liquid
140 mPa s

Honey- 
thickened liquid

467 mPa s (50 s–1, 20°C)

Jelly Soft jelly

Hard jelly

40% W/V Hardness, 1698 N/m3; cohesiveness, 0.5; 
adhesiveness, 40.0 J/m2 

Hardness, 17280 N/m3; cohesiveness, 0.3; 
adhesiveness, 194.5 J/m2

Semisolid Rice porridge Mixed with Ba Hardness, 5120 N/m3; cohesiveness, 0.7; 
adhesiveness, 1542 J/m2

Corned beef 
hash

Mixed with Ba Hardness, 24,000 N/m3; cohesiveness, 0.5; 
adhesiveness, 3570 J/m2

Solid Cookie Coated with Ba

Table 5.16 Sequence of 
boluses commonly used 
during VF study at FHUR

1. 4 mL of honey-thickened liquid barium
2. 4 mL of thin liquid barium
3. 10 mL of thin liquid barium
4. 8 g of corned beef hash
5.  Two-phase food (mixture of 4 g corned beef hash and 5 mL 

of thin liquid barium)
6. Cup drinking (30 g) of thin liquid barium
7.  Other test materials are used occasionally based on 

patient’s condition
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the lateral position to obtain an overview of the entire swallowing process. The 
oxygen saturation and heart rate are monitored in every patient during VF. A suction 
system is prepared as necessary.

In 1999, the Fujita Swallowing Team developed a special swallowing chair for 
VF study (“VF style” chair; Tomei Brace Co., Ltd.). The third and most recent 
modification was released in 2014. This model was designed for  multifunctional use 
with an emphasis on more convenience. It acts like a multifunctional electric chair 
and has the following features (Fig. 5.27):

 1. The chair is compact and smooth. It can be used in the limited space of a radio-
graphic room. This chair also provides casters which rotate in multiple directions 
and is therefore easily moved the position from lateral view to the A-P view dur-
ing the VF study.

 2. The posture of the chair is easy to adjust during the VF study. Both a reclining 
angle and sitting height can be used, and these changes are made with an electric 
remote control to shorten the adjustment time.

 3. The chair is stable and comfortable; it provides a headrest, leg rest, and foot rest 
as well as a brake locking system.

5.3.1.8  Radiation Safety

Many studies have confirmed that the effective dose of radiation associated with VF 
studies is safe [21–23]. One study in our center determined the amount of 
fluorescence after X-ray exposure during VF based on a 5-min interval, which is the 
standard time required for VF from both the lateral and A-P views [24]. The 
maximum exposed dose absorbed through the skin was 25.30 milligray (mGy) 

Fig. 5.26 Fluoroscopy suite 
prepared for swallowing 
examination using a special 
swallowing chair and 
positioning required for 
lateral projection
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(1.05 millisievert, mSv), which was smaller than the threshold value of 2000 mGy 
for early adverse skin effects (transient erythema). This means that VF can be 
performed using minimal radiation doses within a safe range and that the level of 
detrimental radiation associated with VF is acceptable.

5.3.2  Swallowing Examination by Videoendoscopy (VE)

Like VF, swallowing examination using VE has been proposed as a gold standard 
assessment technique. VE allows for treatment-oriented evaluation of swallowing 
function, enabling the patient to achieve a safe swallow and the clinician to formulate 
an effective treatment plan based on the patient’s swallowing ability. It has relatively 
low invasiveness, is well-tolerated, is low-cost, and has the advantage of portability, 
allowing it to be easily and quickly performed at the bedside without radiation 
exposure.

VE is performed with the use of a flexible laryngoscope placed into the nose and 
extending down to the pharynx to view the pharyngeal and laryngeal structures 
during swallowing. VE permits a static and dynamic evaluation of the structures in 
the upper airways and upper digestive tract. It allows for easy, direct visualization 
of the pharynx during swallowing and the ability to gain information regarding 
pathophysiological deficits of the palate, pharynx, and larynx.

Headrest

Legrest

Footrest

Brake

Caster

© FHUR 2017

Remote control

Fig. 5.27 Multifunction electric chair for VF study
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VE provides direct views of the surface anatomy, mucosal abnormalities, effects 
of altered structures on bolus flow and airway protection, vocal cord closure, bolus 
path, and bolus location in the hypopharynx. This technique also exhibits pooling 
of secretions, bolus formation and movement, and the patient’s ability to swallow 
 various bolus textures and consistencies. VE has therefore become a useful 
assessment tool with which to identify salient findings and guide treatment 
planning.

Figures 5.28 and 5.29 illustrate the anatomic structures viewed with VE.
During the performance of VE, three main observational points must be care-

fully considered for a thorough anatomic-physiologic assessment (Table  5.17; 
Fig. 5.30).

© FHUR 2017

Arytenoid

True vocal 
fold

Epiglottis

False vocal fold

Ventricular 
space

Anterior
commisure

Interarytenoid space

Trachea

Fig. 5.29 Close view of 
laryngeal structures as 
seen with the endoscope

Aryepiglottic fold Arytenoid Posterior pharyngeal wall

Vocal cord Epiglottis Pyriform sinus Vallecula Tongue base
© FHUR 2017

Fig. 5.28 Anatomic structures viewed with the endoscope placed within the oropharynx and 
hypopharynx (home position)
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Vocal cord

Arythenoid

Vallecula

Epiglottis

Soft palate

Posterior
pharyngeal wall

1st view: Nasopharynx

2nd view: Oropharynx

3rd view: Hypopharynx
(posterior to the epiglottis)

Posterior pharyngeal wall

Epiglottis
(back side)

Fig. 5.30 Comparison of three main observational views between VE and VF

Table 5.17 Three main observational views during VE study

View no. Location area Key lookings

First Nasopharynx Soft palate, Lateral and posterior pharyngeal 
walls

Second Oropharynx Overview: secretion status
Structures: tongue base, posterior pharyngeal 
wall, vallecula, pyriform sinuses

Third Hypopharynx or 
laryngopharynx (posterior to 
epiglottis)

Vocal cords, arytenoids, pyriform sinuses

5.3.2.1  First View: Nasopharynx

The main target of the first view is functional evaluation of the nasopharyngeal 
structures, including soft palate elevation and nasopharyngeal muscle contraction. 
During vocalization and swallowing, VE allows for visualization of velopharyngeal 
closure upon contraction of the upper lateral pharyngeal walls and elevation of the 
soft palate, and both sides can be equally viewed. Thus, velopharyngeal insufficiency 
or saliva/bolus reflux can be observed in this view (Figs. 5.31, 5.32, and 5.33).

5.3.2.2  Second View: Oropharynx

This view is the pre-swallow position (high position, home position). The tip of the 
endoscope is maintained between the soft palate and tip of the epiglottis, where the 
entire larynx and recesses are visualized as shown in Fig. 5.28.

VE captures several structures that can be used to identify anatomical abnormali-
ties at rest, including signs of inflammation (redness, edema), tumors, and the prop-
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© FHUR 2017Soft palate

Posterior pharyngeal wallFig. 5.32 View after tip of the endoscope has 
been advanced to the nasopharyngeal area

© FHUR 2017

Vocalization
(Velopharyngeal closing)

Contraction of the upper lateral pharyngeal wall

Contraction of the
posterior pharyngeal wall

Soft palate elevates

Inspiration
(Velopharyngeal opening)

Posterior pharyngeal wall

Fig. 5.33 Velopharyngeal closure during vocalization

Nasal septum

Posterior pharyngeal
wall Soft palate
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Fig. 5.31 Nasopharyngeal 
view. The laryngoscope is 
inserted transnasally through 
the inferior nasal meatus
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erties of the mucous membrane (pale, dry). It is important to evaluate the presence 
of pharyngeal and/or laryngeal secretion as well as the amount and location of 
 accumulation. Tongue base movement while testing the bolus flow of various foods 
and liquids can also be observed in this view.

The bolus formation ability, especially with food that requires chewing, is an 
extra examination point in VE that provides useful information. Additionally, the 
position of the bolus head at the onset of the swallowing response can be directly 
inspected in the oropharyngeal view. This visualized position allows for optimum 
identification of premature spillage of a bolus and delayed pharyngeal response to 
the bolus.

5.3.2.3  Third View: Hypopharynx or Laryngopharynx 
(Posterior to the Epiglottis)

This view is a low position. The endoscope is directed along the posterior pharyn-
geal wall and reaches behind the epiglottis. The arytenoids, projections of the cor-
niculate and cuneiform cartilages, aryepiglottic folds, true and false vocal cords, 
and ventricles are well visualized in this position (Fig. 5.29). Slight rotation of the 
endoscope in this position will clearly reveal the pyriform sinuses.

With a view of the hypopharynx, the endoscopy captures the onset of tongue retrac-
tion, epiglottal retroflexion, and lateral pharyngeal wall contraction during swallowing 
(so-called white-out, during which the scope is positioned against the posterior wall, 
while light reflects into the objective lens). When approaching the larynx, the endo-
scope allows for direct visualization of laryngeal closure, which includes both airway 
protection and the anterior wall of the trachea. Laryngeal closure involves the arytenoid 
approaching to the base of the epiglottis, vocal cord adduction, and backward folding of 
the epiglottis to cover the arytenoids and glottis. The occurrence of penetration or aspi-
ration is also determined from this point of view, which shows whether bolus material 
or saliva has fallen into the subglottic region (Figs. 5.34 and 5.35).

5.3.2.4  VE Procedure at FHUR

The VE study and important findings obtained from the VE study are explained 
below. All VE studies are video-recorded for further analysis.

Hypopharyngeal view 
during chewing rice porridge 

in oral cavity

Start epiglottic retroflexion 
and lateral pharyngeal

walls contraction

“White-out” Epiglottic retroflexion is
releasing

Back to resting state

© FHUR 2017

Fig. 5.34 Events before and after white-out
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Evaluation Before the Use of Bolus Materials

 1. The anatomy and function of the oral cavity are assessed.

• Tongue movement (up–down, left–right, licking around lips), tongue 
deviation

• Oral hygiene inside the oral cavity, the presence of oral residue or secretions
• Soft palate elevation during phonation of “Ah” (symmetrical or 

asymmetrical)

 2. Lubricant gel is applied to the distal part of the laryngoscope, avoiding contact 
with the tip of the scope (objective lens).

 3. The laryngoscope is slowly and gently passed through the nasal cavity while avoid-
ing contact with the nasal wall until the scope reaches the nasopharyngeal area.

 4. The patient is instructed to phonate “ka” three times and then swallow saliva 
(dry swallow). The movement of the posterior pharyngeal wall, lateral 
pharyngeal walls, and soft palate elevation (velopharyngeal closure) is carefully 
observed.

 5. The tip of the endoscope is advanced to a position between the soft palate and the 
tip of the epiglottis (behind the level of the uvula; “high position”). This position 
allows for visualization of the pharyngeal cavity and larynx at rest. The pharyn-
geal cavity includes the vallecula, base of the tongue, posterior pharyngeal wall, 
lateral pharyngeal walls, pyriform sinuses, epiglottis, arytenoid cartilages, and 
laryngeal inlet. Bolus transit in the oral preparatory/propulsive stage prior to 
swallow initiation is also easily observed in this view.

 6. The hypopharyngeal space is observed. The presence, amount, and location of 
saliva, secretions, and residue are noted, especially in the vallecula space, pyri-
form sinuses, laryngeal vestibule, and trachea. If secretion is present, the ability 
of the patient to manage the secretion and swallow will be assessed by coughing 
and then swallowing.

 7. The endoscope is advanced to a position closer to the larynx (“low position”). 
Anatomical abnormalities of the larynx and laryngeal vestibule, such as polyps, 
cysts, or edema, are observed. The functional movement of the true vocal folds 
(glottic closure) during phonation of “ee” is observed. The patient is asked to 

© FHUR 2017
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Fig. 5.35 (a) Aspiration of saliva, (b) aspiration during the swallow, and (c) penetration with a 
large amount of residue in the vallecula and left pyriform sinus

K. Pongpipatpaiboon et al.



73

perform this phonation repeatedly to check the symmetry and precision of glottic 
movement (Fig. 5.36).

 8. The patient is instructed to hold his or her breath lightly (for inspection of clo-
sure of the true vocal folds) and very tightly (for inspection of the ventricular 
folds and arytenoids) and then cough for evaluation of airway protection (laryn-
geal closure). The patient is also instructed to hold his or her breath for a few 
seconds to determine whether the duration of the maintenance of laryngeal 
closure during the pharyngeal swallow is sufficient (Fig. 5.37).

 9. The patient is asked to perform a dry swallow for observation of pharyngeal 
constriction. This causes the light from the tip of the laryngoscope of reflect off 
of the tissue apposition (so-called white-out). This occurs in approximately half 
a second in normal subjects and prevents visualization of the pharynx bolus 
during swallowing.

 10. Examination is performed with the use of bolus materials.

© FHUR 2017

a b

Fig. 5.36 (a) Normal glottis closure, (b) left recurrent laryngeal nerve palsy (left vocal cord 
paralysis)

© FHUR 2017

a b c

Fig. 5.37 (a) Normal breathing, (b) holding breathing lightly (closure of true vocal folds), and 
(c) holding breath tightly (closure of all laryngeal structures)

5 Clinical Evaluation of Dysphagia



74

Evaluation with the Use of Bolus Materials

 1. At the “high position,” the swallowing reflex (pharyngeal response) is observed 
after the patient is instructed to swallow or chew–swallow; the bolus progression 
and bolus formation, particularly during the chew–swallow, are also observed. 
During the swallowing reflex, a white-out image is formed due to tissue 
apposition.

 2. After the white-out period, bolus retention in the valleculae and pyriform sinuses 
is observed, and the endoscope is rapidly advanced into the area of the laryngeal 
vestibule to check for penetration (the bolus enters the laryngeal vestibule but is 
still above the level of the true vocal folds) and aspiration (the bolus enters the 
subglottic region).

 3. At certain times, bolus aspiration may create an endoscopic blind spot at the 
posterior wall of the subglottic airway. If aspiration is suspected, the clinician 
should ask the patient to cough and monitor ejection of the bolus from the 
subglottic area. Changes in the voice quality, such as the development of a 
gurgling voice, should also be evaluated.

 4. Various bolus volumes, consistencies, and textures should be used to clarify the 
patient’s swallowing function. The VE study also allows the clinician to 
determine the effects of various combinations of postural strategies and 
swallowing maneuvers on pharyngeal residue and aspiration.

 5. The safest and most appropriate foods, drinks, exercises, and treatment strategies 
for the patient are determined.

The VE promotes determination of the difficulty level of tasks, serving as a 
treatment- oriented tool, used in swallowing rehabilitation training (food modifica-
tion and postural strategies) to prevent aspiration and eliminate residue in the pharynx 
(Tables 5.18).

While administering the VE study, the examiner should primarily focus on 
the  bolus formation ability, timing of swallowing onset (delayed/absent), 
aspiration/penetration before or after swallowing, bolus clearance ability, and loca-
tion and amount of residue. The types of food boluses and order of food testing are 
individually determined. The safest bolus food is always used first, and the diffi-
culty of the swallow test is gradually increased. The level causing aspiration/residue 
should be detected to determine the patient’s swallowing ability. The efficacy of 
therapeutic strategies (repetitive swallow, effortful swallow, etc.) and postural 
changes (neck or head flexion, head rotation, etc.) should be evaluated to find the 
strategy to eliminate aspiration and/or residue.

During the VE study, the patients and/or caregivers can observe the swallow on 
the monitor screen. Real-time visual biofeedback allows them to view and 
understand the swallowing ability, including the effectiveness of therapeutic 
strategies. This is helpful in enhancing patient compliance during dysphagia 
rehabilitation and ensuring successful outcomes.

However, VE does have some limitations. It does not enable visualization of 
certain critical aspects of the pharyngeal swallow (e.g., tongue base retraction, level 
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of airway closure, UES opening). Additionally, the oral and esophageal stages of the 
swallow (e.g., chewing ability, esophageal transit, gastroesophageal regurgitation) 
cannot be assessed well. There is also a temporarily blocked view (white-out) from 
the endoscope during laryngeal elevation while swallowing; this may cause the 
clinician to miss an aspiration event such as that resulting from a bolus located at the 
posterior wall of the trachea. In these cases, VF is more likely to reveal problems 
(Table 5.19).

5.3.2.5  Equipment

Figures 5.38 and 5.39
In our facility, we prepare several types of foods and liquids for VE study as 

shown in Fig.  5.40. Blue- or green-dyed food and liquid materials of various 
volumes and consistencies are used during the VE study to enhance the bolus 
visualization.

Table 5.18 Important issues that must be examined during VE

Part 1: before bolus testing

1. Oral mechanism examination
    •  Movement of the tongue, soft palate
    •  Oral hygiene, oral residue or secretion, denture
2. Overall appearance of the oropharynx, hypopharynx, and larynx
    •  Anatomical abnormalities: edema, erythema, excrescences (nodule, lump, cyst), evidence of 

reflux
3. Secretions
    •  Patient’s tolerance
    •  Dry swallow initiated
    •  Characteristics of secretion (thick, clear, yellow, bubbly)
4. Function
    •  Velopharyngeal closure (competence)
    •  Base of tongue retraction
    •  Sensation for swallowing initiation
    •  Pharyngeal contraction
    •  Laryngeal closure (epiglottis retroflexion, complete and symmetrical closure of bilateral true 

vocal cords, medicalization and forward tilting of bilateral arytenoids)
Part 2: while bolus testing

Monitor path of bolus at two points:
1. Pre-swallow position (oropharynx)
2. Post-swallow position (hypopharynx)
1. Mastication
    •  Duration, the property of bolus formation in vallecula
2. Premature spillage, delayed pharyngeal response
3. Penetration (deep, shallow)/aspiration
4. Residue
    •  Amount, location, patient’s response
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5.3.2.6  Performance of VE study

Before performing VE, clinicians should have adequate knowledge of the anatomi-
cal structures around the nasal and pharyngeal cavity, pharynx, and larynx.

The patient either sits or reclines depending on his or her medical condition. A flex-
ible endoscope is placed transnasally through either the inferior nasal meatus (lowest 

Table 5.19 Common indications for VE and VF 

Characteristics VF VE

Oral stage dysfunction ✓
UES dysfunctiona ✓
Esophageal stage dysfunction ✓
The effectiveness of compensatory strategies and maneuvers ✓
Hyolaryngeal excursion ✓
Laryngeal penetration and aspirationb ✓ ✓
Pharyngeal residue ✓ ✓
Delayed swallowing response ✓ ✓
Poor oral hygiene/oral residue ✓
Secretion and saliva aspiration ✓
Direct visualization of laryngeal structure ✓
Real food/liquid evaluation ✓
ICU patient/bedside evaluation (portable) ✓

aUES upper esophageal sphincter
bExcept aspiration during swallowing reflex can be detected only by VF

Videocassette recorder
(VCR)

VDO monitor

Camera

Cold-light fountain
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The chip camera portion of the CCD (connected with
the eyepiece of the fiberoptic endoscope)

Fig. 5.38 Portable endoscopy unit used during VE study
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nasal passage between the inferior nasal concha and nasal floor) or middle nasal 
meatus (space between the middle nasal concha and inferior nasal concha) (Fig. 5.41). 
The flexible laryngoscope is advanced to the nasopharynx until it reaches the position 
at which the clinician attains a holistic view of the oropharynx. The clinician can 

Fiberoptic light cable

Insertion section

Control section

Angulaition lever
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Eye piece

Focus ring

Light guide

Fig. 5.39 Configuration of basic flexible laryngoscope
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Jelly

Rice and rice gruel

Modified food

Thin, Nectar-thick, and Honey-thick
liquid colored in green

Fig. 5.40 Bolus materials prepared for VE study
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visualize the image directly through the eyepiece or by using a camera attached to the 
laryngoscope, which shows the image on a video monitor. The video in connection 
with the recording of results is also available for further analysis.

5.3.2.7  Examination Safety

VE is a safe and effective swallowing evaluation method. The overall rate of com-
plications associated with VE is <1% [25]. Moreover, none of these complications 
are serious. Most patients cooperate and tolerate the VE study well [26]. The 
potential risks associated with VE include nasal bleeding, vasovagal syncope, 
laryngospasm, and gagging [25, 27]. A previous study revealed that only three 
(<1%) cases of nasal bleeding occurred among 500 flexible endoscopic evalua-
tions of swallowing with sensory testing and there was no evidence of laryngo-
spasm, vasovagal response, or airway compromise [28]. Likewise, in 2009, a 
prospective study of the safety of flexible endoscopic evaluation of swallowing in 
patients with acute stroke demonstrated that nasal bleeding is the most prevalent 

Nasal septum

Nasal floor

Nasal floor
© FHUR 2017

Inferior turbinate
(Inferior nasal concha)

Nasal septum

Inferior turbinate
(Inferior nasal concha)

Middle turbinate
(Middle nasal concha)

a

b

Fig. 5.41 Insertion of endoscope through the nostril (a) via the inferior nasal meatus and (b) via 
the middle nasal meatus
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VE-associated complication. However, all events were mild in severity and 
required no treatment, and all of the patients were able to continue the VE proce-
dure [29].

5.3.3  Systematic Evaluation in an Acute-Care Hospital 
(FHUR): Swallowing Ward Rounds with VE

FHUR utilizes a highly efficient team structure for all dysphagic patients and con-
ducts systematic evaluations using VE or VF after screening tests. These instrumental 
measures are therapeutically oriented examinations that allow for the diagnosis and 
evaluation of dysphagia and establishment of a plan for dysphagia rehabilitation.

Figure 5.42 illustrates the procedure for swallowing ward rounds (SWR) at 
FHUR. After a certified nurse of dysphagia nursing screens patients to determine 
who will require detailed investigations, the dysphagia care team conducts the SWR 
and evaluates patients by VE. The FHUR dysphagia care team comprises a 
physiatrist, dentist, SLHT, certified nurse of dysphagia nursing, nurse in charge of 
dysphagia in the ward, dental hygienist, and dietician. After diagnosis and evaluation 
of dysphagia, the treatment plan (including appropriate food, posture, oral care, and 
both direct and indirect training methods) and need for referral for further 
investigation by VF are determined as necessary (Fig.  5.43). All patients are 
followed up by the SLHT or certified nurse of dysphagia nursing even no intensive 
treatment is needed. During this follow-up, the patient’s condition is monitored, and 
the  treatment efficacy is determined. The certified nurse of dysphagia nursing can 
request reevaluation by VE as necessary.

Ward Nurse

Certified Nurse of
dysphagia nursing

Dept. Dentistry

feedback

feedback

feedback

Attending doctor

Dept. Rehabilitation
Physiatrist, SLHT

ScreeningScreening

• Determination of food type and posture adjustment
• Dysphagia rehabilitation by ward nurse and oral hygienist
• Swallowing training by SLHT
• Treatment by dentist
• VF evaluation as necessasy

Swallowing Round using portable VE
system with transdisciplinary team
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Swallowing Round
VE swallowing evaluation

Dysphagia
Patient

Fig. 5.42 System of swallowing ward rounds at FHUR
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Videoendoscopy evaluation sheet

Name: operator:

Date: with/without tracheotomy: type

Consciousness

Evaluation of Structure/function

Oral cavity hygiene: good/not (tongue coat/drying/bleeding/food residue)

Tongue motion: good/not

tube: direct/cross/other

hygiene: good/not

phonation

swallowing

motion: good/not

laterality: +/−

+/−

+/−

laterality: +/−

side of palsy: left/right

side of palsy: left/rightSoft palate

salivary collection: not/small/moderate region: epiglottic vallecula/piriform recess/

left/right

bleeding

comment

wall motion laterality:

phonation

motion: good/not

wall motion laterality: exist/not

vestibule salivary collection: exist/not aspiration: exist/not

arytenoid motion: good/not

laterality: +/−

laterality: +/−

side of palsy: left/right

interarytenoid fold/all

side of palsy: left/right

side of palsy: left/right

vocal cord

degree. sitting

motion: good/not

white out: exist/not clear/not

aspiration: not/small/moderate/unclear

penetration: not/small/moderate

residue: not/small/moderate

Expectoration: able/not/spontaneous/order

Expectoration: able/not/spontaneous/order

Expectoration: able/not/spontaneous/order

comment

degree. sitting

aspiration: not/small/moderate/unclear

penetration: not/small/moderate

residue: not/small/moderate

Expectoration: able/not/spontaneous/order

Expectoration: able/not/spontaneous/order

Expectoration: able/not/spontaneous/order

comment

degree. sitting

aspiration: not/small/moderate/unclear

penetration: not/small/moderate

residue: not/small/moderate

Expectoration: able/not/spontaneous/order

Expectoration: able/not/spontaneous/order

Expectoration: able/not/spontaneous/order

laterality: +/− side of palsy: left/right

side of palsy: left/right

swallowing

pharyngeal cavity

larynx

type of food:

posture

head rotation: right/left

type of food:

posture

head rotation: right/left

type of food:

posture

head rotation: right/left

RESULT:

Exercise

DSS: aspiration: apparent/occult request to dentist: need (denture/oral care/indirect exexcise)/not

ST: direct/indirect (

Morsal limitation/pasing/adding swallowing/alternate swallowing (thickened water gelly)/coughing

staple food: paste/gruel/soft rice/rice other food: paste/coarse paste/soft food & thickened water/soft food/rather soft food/normal

© FHUR 2017

Water: 2.0%/1.5%/1.0%/liquid (spoon/spout cup/straw/cup)

)

degree lateroversion/neck rotation

Dentist: oral care/indirect (functional therapy) ward: indirect/direct (functional therapy)

Feeding condition posture: G–up

Food type:

Next evaluation: after W/ST order/after intake stable

note

with/without tubal feeding (R/L/cross)

SpO2:

Fig. 5.43 VE evaluation form used during swallowing ward rounds at FHUR (modified and trans-
lated to English)
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From September 2006 to March 2010, 1330 patients from the database of the 
FHUR dysphagia care team were identified and screened by a certified nurse of 
dysphagia nursing, and 998 of these patients were analyzed by SWR [30]. The most 
common causes of dysphagia were stroke (46%) and other cerebral diseases (16%) 
as shown in Fig. 5.44.

The patients’ demographic characteristics are shown below.

• The average age was 74 years (range, 2–102 years).
• The median duration between admission and the first intervention was 13 days 

(range, 0–275 days).
• The median duration between the beginning and end of the first intervention was 

24 days (range, 1–337 days).

After SWR using VE, proper treatment was selected from one of the following 
four groups:

 1. Indirect or direct dysphagia rehabilitation performed by the SLHT.
 2. Eating training performed by the SLHT and ward nurse.
 3. Both 1 and 2.
 4. Follow-up performed by the certified nurse of dysphagia nursing, who moni-

tored the patient’s condition after the clinician had prescribed the appropriate 
diet and posture. The ward nurses received advice regarding modifications of the 
food texture, postural adjustment, and training methods.

Treatment resulted in significant improvements in the food texture, ESS score, 
and DSS score between the first and last observations, indicating the effectiveness 
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of SWR. Additionally, the incidence of pneumonia during the observation period 
(3.7%) was lower than that of one-third of patients in previous reports [31–33]. The 
implementation of SWR helped to prevent pneumonia.

According to these results, the SWR approach has the potential to facilitate 
appropriate evaluation and treatment of dysphagia, thus improving swallowing 
safety and efficiency. Notably, the SWR approach is particularly beneficial for 
evaluating swallowing function in the hospital setting.

Members of the FHUR dysphagia team have developed both a clinical practice 
and educational focus. All VE and VF study findings are reviewed and discussed 
weekly in an interdisciplinary team conference that includes a physiatrist, SLHT, 
certified nurse of dysphagia nursing, dentist, dental hygienist, and otolaryngologist. 
The exchange of pooled knowledge, sharing of ideas, and group discussion are 
important communication tools with which to improve the quality of teamwork and 
provide the best treatment to patients.

Moving forward, it will be important to promote scientific research that enables 
clinicians to gain a more comprehensive understanding of swallowing 
pathophysiology and contribute to the development of the best-practice methods for 
patients with dysphagia. Such research will both emphasize clinical inquiry and 
explore basic science. Thus, the FHUR dysphagia care team conducts a 
multidisciplinary research meeting once a month to disclose growth in this field of 
research and present the ongoing research by team members. These meetings 
enhance the interrelationship among practice, research, and education to advance 
the field of dysphagia for the ultimate benefit of the patient.

5.4  New Perspectives in Swallowing Assessment

Advances in technology over the past decade have enabled clinicians to use new and 
innovative tools to obtain more information about swallowing pathophysiology. All 
of the following techniques have been recently utilized for both research and clinical 
use at FHUR.

5.4.1  Swallowing Computed Tomography

Dynamic imaging tools (both VF and VE) are indispensable for standard treatment- 
oriented evaluation of dysphagia. They can be used to detect the risk of aspiration 
and presence of residue and determine the effectiveness of bolus modification and 
therapeutic strategies such as postural adjustments and swallowing maneuvers to 
eliminate aspiration and residue. Although VE and VF contribute to the understanding 
of swallowing pathophysiology, visualization of three-dimensional (3D) complex 
movement is limited. Thus, some mechanisms of swallowing physiology are 
incompletely understood.
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Dynamic swallowing computed tomography (CT), namely, 320-row area detec-
tor CT (320-ADCT) (Aquilion ONE; Toshiba Medical Systems Corporation), was 
developed and introduced in 2007 at FHUR to overcome this limitation (Fig. 5.45). 
This swallowing CT technique provided the first 3D visualization of swallowing 
worldwide. It revolutionized the whole-swallow examination and provided new 
insights into swallowing morphology and kinematics from two primary viewpoints: 
3D dynamic imaging and quantitative measures. The dynamic movements of all 
swallowing structures throughout the swallowing process can be simultaneously 
evaluated from all directions, allowing for a highly accurate quantitative analysis.

5.4.1.1  Equipment and Performance

The 320-ADCT is equipped with 320 rows of 0.5-mm detectors along the body axis. 
It can acquire a volume data set covering a maximum range of 16 cm in one 0.275-s 
revolution with a non-helical scan. A 16-cm range can cover the area from the skull 
base to the upper esophagus, which is required for a complete swallowing analysis. 
Scanning is performed with the 320-ADCT system using a chair designed exclusively 
for the swallowing CT examination (eMedical Tokyo Co., Ltd., Chuo-ku, Japan; 
Tomei Brace Co., Ltd., Seto, Japan). The reclining CT chair is an offset- sliding chair 
that is fixed on a base and designed to slide forward and backward. The CT scanner is 
tilted to 22°. The reclining CT chair is placed on the opposite side of the CT table. The 
patient is seated on the chair in a semi-sitting position at 45°, and the chair is then slid 
backward into the middle portion of the scanning plane (Fig. 5.45).

5.4.1.2  Analysis and Clinical Utility

The CT images are reconstituted to 10 frames/s by the half-reconstruction method 
to create multiplanar reconstruction (MPR) images and 3D-CT images [34, 35]. 
MPR images allow for depicting structures on any arbitrary cross section in any 
orientation with 0.5-mm slice thickness and analyzing time and space quantitatively. 

Fig. 5.45 Swallowing 320-ADCT with dedicated offset-sliding chair and scanning posture at the 
time of the CT
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The 3D-CT images allow for visualization of the overall structural movements and 
performance of volumetric analysis (Fig. 5.46).

The outstanding property of several quantitative measurement tools facili-
tates a comprehensive understanding of both normal physiology and pathophys-
iological swallowing disorders in dysphagic patients. 3D-CT allows for several 
types of kinematic analyses of the temporal state (i.e., timing of structures’ 
movement) and the spatial state (i.e., volume of pharyngeal residue or UES 
cross-sectional area). The following section of text describes the clinical avail-
ability of swallowing CT.

First, the 320-ADCT system is novel in that it allows the clinician to determine 
the opening/closing times of the vocal cords, which cannot be visualized using VF. 
The bolus consistency and volume influence the characteristics of swallowing, 
especially closure of the larynx. This information is very important for clarification 
of the airway protection system (Fig. 5.47).

Second, 320-ADCT allows for measurement of the onset and end of all structural 
movements that occur during the swallow. Measuring the times of all events is 
beneficial for kinematic analysis because it provides an understanding of the 
physiological mechanisms of swallowing, allows for comparison of the responses to 
diverse bolus types, and illustrates the pathophysiology of swallowing disorders 
compared with a healthy swallow (Fig. 5.48).

Third, dynamic measurement of the UES dilatational area is another unique ben-
efit of swallowing CT. The UES can be identified with the landmark of thyroid 
cartilage and cricoid cartilage in the horizontal plane. The ability of 320-ADCT to 
capture dynamic cross-sectional images of the UES area during swallowing 

MPR image

3D-CT image
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Fig. 5.46 MPR and 3D-CT images. (Upper row) MPR images: sagittal, coronal, and axial planes. 
(Lower row) 3D-CT images: lateral, posterior, and inferior views (the vocal cords can be visualized)
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facilitates an understanding of the relationships among hyolaryngeal excursion, 
UES opening, and pharyngeal residue accumulation (Fig. 5.49).

Fourth, during pharyngeal functional analysis, 320-ADCT provides excellent 
measurements of volume. It is possible to measure the volume of the pharynx during 

Thickened
liquid

Thin
liquid

Fig. 5.47 Comparison of physiology between swallowing of thickened liquid and thin liquid. 
Closure of the vocal cords (dot square) occurred in the early stage when swallowing thin liquid 
(Reproduced from [36] with permission)
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Fig. 5.48 Comparison of the whole process of swallowing 10-mL and 20-mL thin liquid boluses 
between a healthy subject and dysphagic patient (a 68-year-old man with dysphagia due to 
polyneuropathy). The figure shows the timing from the onset to end of the movements of various 
swallowing organs at the same time (healthy subject). The onset of hyolaryngeal movement and 
laryngeal closure is earlier when swallowing the larger bolus (patient). The onset of movement of 
all swallowing structures is delayed. The structural movement pattern generally shows no change 
with various bolus sizes. Failure of modification with an increased bolus size and the delayed onset 
of laryngeal closure elicit aspiration (Reproduced from [37] with permission)
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the swallowing and to calculate the pharyngeal constriction ratio. It reflects the 
ability of pharyngeal contraction, promoting the analysis of pharyngeal residue 
accumulation (Fig. 5.50).

Finally, the dynamic motion of the hyoid and larynx during swallowing can be 
measured by analyzing the distance between the origin and insertion of swallowing 
muscles (length of the muscles) associated with the trajectory of these structures. 
Unlike VF, swallowing CT can be used to analyze the dynamics of the thyroid 
cartilage other than hyolaryngeal movement (Fig. 5.51).

One study showed that the average values of upward and forward movement of 
the hyoid bone were 16.5 ± 9.2 and 12.8 ± 5.0 mm, respectively. The study also 
revealed a significant correlation between shortening of the geniohyoid muscle and 
forward movement of the hyoid bone, whereas other suprahyoid muscles (including 
the stylohyoid, posterior digastric, and mylohyoid muscles) significantly contributed 
to upward movement of the hyoid bone [39].

Fig. 5.49 Measurement of cross-sectional area of the UES during swallowing can be determined 
by 320-ADCT
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In addition to evaluation of the pathophysiological changes associated with swal-
lowing disorders, 320-ADCT can be utilized to assess the outcomes of rehabilita-
tion training programs and determine the effectiveness of swallowing strategies 
such as swallowing maneuvers [40] and postural strategies [41] with respect to 
swallowing mechanisms.

Thus, swallowing CT certainly serves as a useful treatment-oriented evaluation 
technique. Since it provided the first dynamic 3D images, swallowing CT has been 
successfully used to precisely visualize the dynamics of swallowing and has 
encouraged quantitative analysis. This has led to the development of more 
sophisticated, broader knowledge of swallowing. Swallowing CT is also becoming 
an indispensable tool for the innovation of new rehabilitative interventions and 
generation of deeply treatment-oriented evaluations to overcome the difficulty 
of tasks.

Nevertheless, 320-ADCT is not intended to replace VF; instead, it comple-
ments VF and allows the clinician to obtain more information while conducting 
a swallowing assessment. Swallowing 320-ADCT is thus a crucial tool that pro-
vides invaluable information in swallowing for both research and in the clinical 
setting. Such information will help in the establishment of new rehabilitation 
approaches.
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Fig. 5.50 Change in pharyngeal cavity during bolus swallowing. Patients with dysphagia show 
weakness of the pharyngeal constriction and a large amount of pharyngeal residue after swallowing. 
The pharyngeal cavity has changed little during swallowing, and the pharyngeal volume 
constriction ratio (PVCR) is nearly two times lower than that in a healthy subject. (Upper) a 
34-year-old healthy woman. (Lower) a 68-year-old woman with dysphagia due to a right 
pontomedullary infarction (Reproduced from [38] with permission)
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5.4.1.3  Examination Safety

With respect to the risk of radiation exposure during 320-ADCT (Aquilion ONE 
ViSION Edition, updated version of the original Aquilion ONE), the maximum 
dose absorbed through the skin is 28.07 mGy, which is smaller than the threshold 
level (2000  mGy) for detection of early transient skin erythema. The effective 
radiation dose for 320-ADCT is 1.08  mSv; this is lower than the 2.8-mSv dose 
required for a single neck CT scan, although it is still high compared with the 
effective radiation dose of a 5-min VF study [24].

a
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b
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Thyrohyoid Thyrohyoid

Geniohyoid

Geniohyoid
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Mylohyoid

Anterior
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Fig. 5.51 Measurement of the distance between the origin and insertion of key swallowing mus-
cles in three planes with the use of bony landmarks (mandible, hyoid bone, and thyroid cartilage), 
(a) anterior view, (b) lateral view, and (c) superior view (Reproduced from [39] with permission)
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5.4.2  High-Resolution Manometry

Quantitative movement analysis generally involves the acquisition of both kine-
matic and kinetic data. Combining both types of data is beneficial for obtaining a 
comprehensive understanding of swallowing physiology and advanced knowledge 
in a more purposeful way. As mentioned earlier, swallowing CT and VF are 
sophisticated techniques with which to perform kinematic analyses; however, 
kinetic data of the swallow, such as the pressure at the base of the tongue and 
pharyngeal constriction, are still lacking.

A new method called high-resolution manometry (HRM) was recently developed 
to obtain information on the pressure in the areas of the pharynx and UES during the 
swallow for a more complete understanding of swallowing pathophysiology.

The pharyngeal swallow is a complex pressure-driven process requiring intricate 
coordination of muscular contractions and pressure generation to efficiently move a 
bolus into the esophagus. While VF is the primary tool with which to obtain 
information on bolus transit, aspiration, and residue, it does not provide quantitative 
information on the changes in pharyngeal pressure underlying bolus transit and 
does not detect incomplete UES relaxation.

HRM can be used to directly measure the pressure along the pharyngeal area and 
provides quantifiably comprehensive data characterizing the real-time swallow. 
These data are recorded for subsequent analysis. Thus, HRM is useful for advancing 
the diagnosis and treatment of oropharyngeal dysphagia.

5.4.2.1  Equipment and Analysis

A typical HRM system includes a solid catheter with 36 circumferential sensors 
placed 1 cm apart to quantitatively measure pressure events (Fig. 5.52).

Pressure from the pharynx to the lower esophagus can be detected by passing and 
placing the catheter through the nose and into the esophagus. The result is displayed 
and analyzed in a spatiotemporal plot (so-called pressure tomography plot). The 
pressure tomography plot displays time on the X-axis and distance (position of 
sensor) on the Y-axis, and pressure values are coded by color. The result can also be 
illustrated with a line plot as shown in Fig. 5.53.

5.4.2.2  HRM Combined with VF or Swallowing CT

Although HRM is a useful tool for evaluation and analysis of contractile forces 
(pressure events) at the pharynx and UES, it alone cannot provide certain information 
that can be obtained from VF. HRM cannot be used to:

 1. Accurately evaluate the pharyngeal response relative to the movement of the 
bolus
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 2. Indicate the level of residue accumulation and aspiration events, precisely iden-
tify swallowing mechanisms of aspiration, or demonstrate how to reduce bolus 
residue

 3. Determine the oral stage of the swallow

Because of these limitations, a combination of HRM and VF can be used 
complement and potentiate each other, revealing important information on both 
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Fig. 5.53 Pressure measurement using HRM displayed as (a) a pressure line plot and (b) a pres-
sure tomography plot

Fig. 5.52 Solid-state 
HRM catheter with 36 
circumferential sensors 
spaced at 1-cm intervals 
(Star Medical, Inc., 
Tokyo, Japan)
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kinematic and kinetic parameters. This increases the diagnostic potential, 
enhances understanding of the underlying physiology, and helps to establish 
effective therapeutic strategies.

The FHUR Swallowing Team has recently been using HRM with VF to achieve 
a precise oropharyngeal diagnosis and assist in clinical decision-making regarding 
treatment. HRM enables to assess pharyngeal strength, UES relaxation, and the 
coordination of pharyngeal and UES activity, especially in patients with severe 
pharyngeal residue causing aspiration.

HRM has also been used to complement the findings of structural changes in 
swallow dynamics obtained by simultaneous VF. Additionally, the pairing of HRM 
with VF allows to precisely define the anatomical location of the manometry 
catheter and the movements corresponding to manifestation of the generated 
pressures (Fig. 5.54).

HRM combined with VF is more common for clinical use in facilities that have 
adequate availability of these techniques and can meet the associated medical costs.

The combination of HRM with VF has several clinical utilities:

 1. Ability to diagnose oropharyngeal swallowing disorders more precisely because 
of detailed data regarding the pharyngeal contractile forces and UES relaxation.

 2. Identification of the interrelationship between two abnormalities (e.g., non- 
relaxing UES and inadequate pharyngeal pressure or non-relaxing UES and 
insufficient hyolaryngeal elevation) and determination of which abnormality is 
the primary cause of the disorder; this information will affect treatment selection.

Fig. 5.54 Concurrent use of HRM and VF allows for correlation of the pressure values on the 
pressure tomography plot with the structural changes observed on VF. VF findings can be 
demonstrated on either the anteroposterior or lateral view

5 Clinical Evaluation of Dysphagia



92

 3. HRM-measured pressure may reflect subtle functional abnormalities that cannot 
be visualized on VF.

 4. Determination of postoperative functional outcomes.

Thus, HRM and its synchronization with kinematic analysis have the potential to 
increase the diagnostic accuracy in patients with dysphagia, clarify the difference 
between a normal and dysfunctional swallow, quantify the effectiveness of 
therapeutic swallowing rehabilitation programs, and facilitate the establishment of 
new rehabilitation interventions.

Quite recently, the simultaneous use of HRM and CT has allowed for a better 
understanding of the physiological and 3D mechanisms of normal and abnormal 
swallowing (Fig. 5.55).

5.4.3  Tongue Pressure Measurement

The tongue is one of the most important structures in the swallowing process. The 
roles of the tongue are (1) the formation, placement, and manipulation of a bolus in 
the oral preparatory stage; (2) smooth transfer of a bolus from the oral cavity to the 
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Fig. 5.55 Concurrent use of HRM with swallowing CT allows for correlation of the pressure 
values on the pressure tomography plot with the structural changes seen on CT, emphasizing the 
biomechanism of pharyngeal dysfunction and residue in the hypopharynx
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pharynx in the oral propulsive stage; and (3) pushing of the bolus downward by a 
driving force at the base of the tongue combined with movement following the 
pharyngeal swallow. Tongue dysfunction is closely associated with oropharyngeal 
dysphagia. Therefore, evaluation of tongue function, including its movement, 
strength, and coordination, is critical for swallowing rehabilitation and eating ability 
because these parameters correspond to bolus holding, formation, and propulsion.

Although VF and VE have been proposed as the gold standard techniques for 
swallowing evaluation, they (especially VE) cannot provide enough information on 
the oral stage, including lingual strength. Thus, it is necessary to use an assessment 
tool that allows for quantitative determination of the oral strength level (objective 
outcome) to provide a clinical benefit during either evaluation or training exercises.

5.4.3.1  Equipment and Performance

In our facility, tongue pressure is measured using a balloon-type, hand-held tongue 
pressure measurement device (Fig. 5.56).

This tongue pressure measurement device consists of a disposable oral probe 
with an air-filled bulb at the tip, a connector tube, and a hand-held recording device. 
The patient is seated upright in a relaxed position. The tongue probe is inflated with 
air to an initial pressure of 20 kPa, and the pressure bulb is then placed on the center 
of the tongue. The patient is asked to raise the tongue and compress the balloon onto 
the hard palate while counting from 1 to 10 with maximum voluntary effort, and the 
maximum value is recorded. We usually perform this measurement six times with 
30-s resting intervals and calculate the mean of the six measurements, which 
represents the patient’s maximum tongue pressure (Fig. 5.57).

Connector tube

Tongue bulb
(Pressure bulb)

Plastic pipe

Plastic cylinder
(for holding)

Disposable tongue
probe
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Fig. 5.56 Balloon-type tongue pressure measurement device (JMS Co. Ltd., Hiroshima, Japan)
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Our facility has also recently been researching tongue pressure measurement 
using another type of device: a sensor plate system. This device has four measuring 
sensors that detect the tongue pressure at four points. This allows us to focus on the 
local tongue strength at each point and compare both sides for symmetry. The 
mouthpiece of the sensor plate is directly attached to the hard palate, preventing the 
sensor from sliding on the tongue surface like the balloon-type pressure bulb and 
increasing the measurement accuracy.

Because of the important role of the tongue pressure in swallowing function, 
measurement of this parameter has high potential for clinical use, especially in 
patients with diseases or conditions associated with the development of tongue 
weakness such as stroke, Parkinson disease, and head and neck cancer. The tongue 
pressure measurement device currently used in our center is multipurpose; it is used 
for evaluation, reevaluation (e.g., posttreatment assessment), and lingual functional 
training exercises to gain tongue muscle strength. This device also provides positive 
feedback, increasing exercise motivation.

In summary, all of the above-described new instrumental swallowing tools have 
clinical capability in the diagnosis of oropharyngeal dysphagia. Information 
obtained from these new techniques augments the current intensive research and 
active rehabilitation strategies used in the clinical care of patients with dysphagia.

 Appendix

 Other Available Dysphagia Screening Tools

These time- and cost-effective tools are used to identify patients at high risk of dys-
phagia who therefore require further assessment. Two recent systematic reviews [8, 
42] of dysphagia impairment identified the following two validated and reliable 
screening tools based on sufficient sample sizes and accepted psychometric criteria 
for clinical use in stroke survivors:

 1. Toronto Bedside Swallowing Screening Test (TOR-BSST©)
 2. Barnes Jewish Hospital Stroke Dysphagia Screen

© FHUR 2017
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 TOR-BSST© [4, 43, 44]

The TOR-BSST© is a stable and accurate dysphagia screening tool for patients with 
stroke. It is one of the highest-ranking dysphagia screening tools and is quick and 
easy to perform, taking less than 10 min to administer and score [42]. The TOR- 
BSST© can be administered by any healthcare professional (e.g., nurse, dietician) 
who has received training by an SLHT using a standardized training program. The 
test consists of three sections: the first two sections involve an oral examination 
(tongue movement and voice quality), and the third section involves a series of 
water swallow tests. A patient who has failed any section of the test stops the 
screening and is referred to an SLHT for further evaluation.

The TOR-BSST© has demonstrated high validity; the sensitivity of the trial 
swallow using water and the negative predictive value were 96.35% and 93.30%, 
respectively, in the acute setting and 80.00% and 89.50%, respectively, in the 
rehabilitation setting. The inter-rater reliability for administration was excellent, 
with an intraclass correlation coefficient of 0.92 (95% confidence interval, 0.85–
0.96). However, the TOR-BSST© is copyrighted and must be purchased before 
administration. Its purchase includes online training and information on how to 
implement the screening protocol, which may be desirable for some facilities.

 Barnes Jewish Hospital Stroke Dysphagia Screen [45, 46]

The Barnes Jewish Hospital Stroke Dysphagia Screen is a simple 2-min bedside 
screening test for acute stroke patients. It involves measurement of the level of con-
sciousness, assessment of several items that indicate the presence of dysarthria 
(asymmetry or weakness in the facial, lingual, and palatal regions), and performance 
of a 3-oz water swallow test. This test showed high sensitivity (95%) using VF for 
concurrent validity, a high negative predictive value (94%), and moderate specificity 
(68%).

Martino et  al. [9] performed another systematic review of bedside screening 
tools with which to detect oropharyngeal dysphagia in patients with neurological 
disorders. The authors identified two clinical screening tools that met the method-
ological quality assessment requirements (validity, reliability, and generalizability) 
and had high sensitivity with moderate specificity:

 1. Volume-Viscosity Swallowing Test
 2. TOR-BSST©, described above

 Volume-Viscosity Swallowing Test [47]

The Volume-Viscosity Swallowing Test was designed to identify clinical signs of 
impaired swallowing efficacy and safety. This test is also used to select the 
appropriate bolus volume and viscosity with which to achieve the highest safety and 
efficacy of deglutition by testing three viscosities (nectar, liquid, and pudding).
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Many other screening methods administered in different settings are available for 
clinical use, including the 3-oz water swallow test described by Suiter and Leder 
[48], the Gugging Swallowing Screen described by Trapl et  al. [49], the Burke 
Dysphagia Screening Test described by DePippo et al. [50], and others.

As in bedside screening, protocols may vary among bedside tests with different 
goals and among different clinical settings, number of trial swallows, chosen cutoff 
points for aspiration or penetration, or bolus consistencies and volumes tested. At 
present, no guideline or consensus exists with respect to the most effective protocol 
in any screening procedure.
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Chapter 6
Oral Hygiene Care

Yoko Inamoto, Kannit Pongpipatpaiboon, Seiko Shibata,  
Yoichiro Aoyagi, Hitoshi Kagaya, and Koichiro Matsuo

Abstract People with dysphagia are at a greater risk of poor oral hygiene and 
health. Dried secretion accumulated in oral cavity reduces oral sensitivity and pro-
mote bacterial growth. Aspiration of these pathogens can lead to life-threatening 
respiratory disorders and pulmonary infection. Oral care is therefore important 
issue from the perspective of preventing aspiration pneumonia and swallowing 
rehabilitation in dysphagic patients.

A growing amount of scientific evidence is showing that oral health care is strongly 
correlated with aspiration pneumonia [1, 2]. Many reports have addressed the 
importance of regular oral care in preventing pneumonia by eliminating bacterial 
colonization in the oral cavity, preventing dental decay, and maximizing the ability 
to eat safely and comfortably [3–7]. This is true in both dysphagic patients and older 
people who cannot independently manage their oral care. Improving or maintaining 
proper swallowing and oral function is important from the perspective of retaining 
patients’ quality of life [8].

Patients with oral dryness (xerostomia) due to reduced salivary flow (e.g., 
patients who cannot feed orally, have a lower level of consciousness, or are being 
treated with certain medications) are very high risk of developing complex oral 
diseases and dental problems. Xerostomia yields many negative consequences 
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including insufficient food bolus formation and transport, mucosal ulceration, 
demineralization of the dentition, dental caries, altered oral flora, and loss of  appetite 
secondary to impaired taste and smell [9, 10]. Dry secretions that accumulate on the 
tongue and palate reduce oral sensitivity and promote bacterial growth, increasing 
the risk of upper respiratory infection and thus aspiration pneumonia [11, 12]. The 
concept of oral health care includes not only oral cleaning but also eating stimulation 
(Fig. 6.1).

Assessment of the patient’s dental and oral hygiene status is necessary during the 
clinical examination, after instrumental investigation with boluses and swallowing 
rehabilitation training. If necessary, appropriate treatment such as dental treatment 
and oral hygiene care is carried out.

Missing teeth and poorly fitted dentures predispose the patient to aspiration 
because these conditions often exhibit chewing difficulty which consequently leads 
the poor coordination with the bolus formation, transportation, and swallowing. 
Infected teeth and poor oral hygiene predispose the patient to aspiration of 

Coated tongue Dry sputum and dry
epithelial peeling

© FHUR 2017

Dental plaque on the teeth
surface

Oral dryness

Fig. 6.1 Common oral problems in dysphagic patients and older people
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 contaminated oral secretions, leading to pneumonia. Although tube-fed patients do 
not feed orally, many studies have shown that feeding tubes do not prevent aspira-
tion of contaminated oral secretions, refluxed enteral foods, or regurgitated gastric 
contents. One research group evaluated 19 observational cohort studies with respect 
to the correlation between the duration of feeding tube placement and the propor-
tion of patients free of aspiration pneumonia and found that a nothing per os status 
provided no protection against aspiration pneumonia [13].

Therefore, to prevent aspiration pneumonia, clinicians must consider oral 
hygiene care and how to prevent aspiration in patients who do not feed orally. 
Additionally, patients with impairments of oral function such as those with hemipa-
ralyzed oral structures (e.g., lips, tongue, soft palate) experience poor mastication, 
poor bolus formation, and accumulation of oral residue, all of which increase the 
risk of aspiration and poor swallowing outcomes.

At FHUR, dentists and dental hygienists play a major role in oral hygiene and 
dental care. The oral care protocol at FHUR was developed by dentists, dental 
hygienists, and certified nurses in dysphagia in cooperating with nursing staff in 
other disciplines, particularly the neurology unit, geriatric unit, pulmonary unit, and 
otolaryngology head and neck cancer unit (Fig. 6.2).

Additionally, the Japanese version of the Oral Health Assessment Tool is utilized 
for dental and oral health screening. This tool includes eight categories: lips, tongue, 
gums and tissues, saliva, natural teeth, dentures, oral cleanliness, and dental pain. 
The score for each category is divided into three levels: 0 = healthy, 1 = oral changes, 
and 2 = unhealthy. These scores are summed to obtain the total score, the maximum 
of which is 16 (Fig. 6.3).

The oral care screening is mostly performed by ward nurses. Patients with a high 
Oral Health Assessment Tool score, poor dentition, a poor oral status, or the need 
for further examination and intensive oral care are referred to the dental department. 
Dentists then individually examine, treat, and prescribe oral hygiene care that is 
carried out by a dental hygienist.

Consult for assistive care if insufficient oral cleaning

Oral care
screening protocol

Intuba-
tion

Oral
feeding

Self care

Assistance needed

ADL

Oral cleaning care
(morning & evening)
with assistive care

YES

NO YES

NO

Oral cleaning care
(after every meals)
with assistive care

Oral cleaning care
(after every meals)

By self care

© FHUR 2017

Fig. 6.2 Oral care protocol at Fujita Health University Rehabilitation Complex
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The oral care protocol involves mechanical cleaning and elimination of contami-
nants. This is achieved through the following steps (also shown in Fig. 6.4):

 1. Oral moisturizing gel is first applied to the lips and then to the soft surfaces of 
the oral cavity to moisturize and soften any dried or hard secretions.

 2. The teeth are manually brushed without a dentifrice; an interdental brush is used 
if necessary.

 3. Softened contaminants are removed with a sponge brush.
 4. The tongue is cleaned with a tongue scraper by scraping from the back to the 

front of the tongue surface.
 5. The palate and other soft tissues are mechanically cleaned with a sponge 

swab.
 6. The presence of residual contaminants in the oral cavity is rechecked; if present, 

they are eliminated by wiping to prevent their entrance into the pharynx (and thus 
decrease the risk of aspiration) and decrease the level of bacteria following oral 
care. Because dysphagic patients can easily aspirate rinsing water, wiping the oral 
cavity with mouth wipes (wet tissue wrapped around a finger) is recommended 
for all parts of the oral cavity including the teeth, gums, tongue, and palate.

 7. A moisturizing gel is applied to the soft tissues of the oral cavity.

In summary, poor oral hygiene predisposes patients to aspiration of contaminated 
oral secretions, leading to pneumonia. Providing regular dental and oral hygiene 
care and cleaning can lower the risk of aspiration pneumonia. Therefore, the devel-
opment of an oral care protocol and maintenance care system is a critical step to 
enhance eating function and prevent pneumonia in patients with dysphagia.

Fig. 6.3 Oral Health Assessment Tool (OHAT) for dental and oral health assessment screening

Y. Inamoto et al.
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Fig. 6.4 Oral care protocol
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Chapter 7
Swallowing Exercises

Yoko Inamoto, Kannit Pongpipatpaiboon, Seiko Shibata,  
Yoichiro Aoyagai, Hitoshi Kagaya, and Koichiro Matsuo

Abstract Before describing the swallowing exercises in this chapter, we first address 
the principle of such exercises. This fundamental knowledge provides a comprehen-
sive understanding of the term “exercise” and the techniques by which to achieve 
effective treatment outcomes. The swallowing exercise-based treatment will be 
described based upon the principle of rehabilitation medicine for which its target aims 
to achieve functional improvement through the changes of physiological impairment.

The main goal of rehabilitation medicine is reconstruction of life. This is achieved 
by systematic integration of four methodologies: comprehensive medical manage-
ment, the activity-function-structure relationship, therapeutic learning, and the 
assistive system (Fig. 7.1).

The activity-function-structure relationship refers to the fact that function and 
structure are adjusted based on the activity level. Basically, immobilization or disuse 
syndrome leads to deterioration of many body functions and the development of vari-
ous diseases. In contrast, encouragement of activity with early rehabilitative inter-
vention helps to prevent disuse syndrome and gain functional ability by the overload 
principle. A greater load than normally experienced on the body can enhance the 
ability of activity-dependent elements (e.g., muscle strength, range of motion) that 
are used for daily activities and contribute to functional improvement (Fig. 7.2).
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The assistive system comprises instrumental aspects (e.g., modified dysphagia 
food, swallowing chair, dental prosthesis) and environmental aspects (e.g., social 
resources, family support, environment). To achieve the reconstruction of life in 
rehabilitation medicine, instruments and the environment are utilized effectively. 
Therapeutic learning is the motor learning process in which target behavior is 
achieved by utilizing activity-dependent elements and the assistive system.

Management for changing activity

Exercise

Activity Function Structure Relationship

Therapeutic Learning

Assistive System
Comprehensive

Medical Management

Reconstruction
of

Life

© FHUR 2017

Fig. 7.1 Four main methodologies that comprise the core components of rehabilitation exercise: 
comprehensive medical management, the activity-function-structure relationship, therapeutic 
learning, and the assistive system
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Fig. 7.2 Activity-function-structure relationship
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7.1  Successful Rehabilitation Strategies Based on Motor 
Learning in Patients with Swallowing Disorders

Motor learning refers to how motor performance is improved and subsequently 
maintained. Motor learning is defined as a set of processes that are associated with 
practice or experience and that lead to relatively permanent changes in the capabil-
ity for skilled performance [1]. The principle of motor learning is based on a limb 
movement system emphasizing kinematic assessment through feedback during 
training. It integrates activity-dependent factors and environment to learn new activ-
ities using critical tasks.

7.1.1  Evaluation of Rehabilitation Strategies  
Based on Motor Learning

A motor learning curve is a graphical representation of the increases of learning 
skill (vertical axis) with exercise (horizontal axis). The plot shows a patient’s motor 
improvement while performing a task repeatedly. A large number of individual tri-
als during training eventually increase the task proficiency and result in a skillful 
experience to recovery of the patient’s functional capacity (Fig. 7.3).

A motor learning curve, especially with respect to skill proficiency, displays 
three phases of performance changes associated with task difficulty:

Too difficult: If a task is too difficult (or the ability of the patient is too low to 
perform the task), the rehabilitation progress is very slow. The performance training 

Learning Curve

Success Rate

Adequate range of difficulty

Amount of Ex

Too easy

Adequate

Too difficult
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Fig. 7.3 Motor learning curve indicating the patient’s ability and exercise dose
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may fail, and the patient is unable to become proficient. Consequently, the patient 
may experience loss of motivation and lethargy during the training program.

Adequate: The ability of the patient to approach the optimal level of task perfor-
mance is helpful for rapid progression in training. The possibility of success in this 
phase is around 70%. A proper task difficulty level allows the patient to further 
improve his or her motor skill.

Too easy: Once a patient practices a too-easy task for which he or she has already 
reached a certain level of motor skill, the progress plateaus within the learning 
curve.

The most effective way to achieve successful performance in motor learning 
must be considered. The principle of motor learning comprises four key factors.

 1. Transferability (task specificity)

Transferability refers to the probability that the patient can transfer from perfor-
mance of a training task to achievement of the final targeted area or function. 
Similarity between the training task and target task is important.

 2. Motivation (psychological driving force)

Motivation should be considered situation-dependent, and the patient should receive 
reinforcement from either intrinsic or extrinsic resources.

 3. Performance change (behavioral modification)

There are three major components to acquiring relatively permanent motor skills:

 a. Feedback

Feedback is composed of knowledge of results and knowledge of perfor-
mance; both influence the motor learning process:

• Knowledge of results is feedback regarding the results, indicating limit- 
difficulty tasks and the success of activity with respect to overall performances 
(e.g., the result of VF study showing penetration, aspiration, or pharyngeal 
residue).

• Knowledge of performance is feedback that provides specific information 
regarding the performance strategy, such as food modifications, postural 
modification, and the effect of swallowing maneuvers. This feedback can 
reinforce exercise training or the application of the swallow maneuver for 
dysphagia treatment.

 b. Quantity (amount/frequency of exercise)

High numbers of repetitions (repetitive tasks) are essential to the success of 
motor learning. The number of repetitions performed in a given exercise 
protocol is based on the progression and regimen used in training. 
Repetition is a very important key for improvement. According to the 
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overload principle, when the threshold of the target intensity is reached, 
the patient will gain both activity-dependent elements and skill 
acquisition.

 c. Difficulty of exercise

Difficulty should be kept in mind when choosing the appropriate task to 
ensure that an exercise is effective, as mentioned in the description of the 
skill proficiency curve. The task that fits the patient’s level (not too easy 
and not too difficult) can be transferable to the target.

Three essential components to overcome task difficulty are:

• Task selection (proper bolus consistency and volume depending on the 
patient’s pathophysiological disorders)

• Instrumental usage (e.g., assistive devices)
• Rehabilitation techniques (e.g., facilitation techniques, swallowing 

maneuvers)

These components will be further clarified in the discussion of treatment.

 4. Retention/application

Exercise helps to maintain task performance. Additionally, high variability in task 
training and the performance of random tasks can improve retention.

7.2  Swallowing Exercises

After completion of treatment-oriented evaluations such as VE and VF, all informa-
tion must be integrated and analyzed to determine the most appropriate treatment 
approach based on the individual patient’s pathophysiological considerations. 
Notably, swallowing treatment is not “one-size-fits-all” therapy. Recognizing 
patients’ individual pathophysiology allows for effective clinical decision-making 
in terms of what type of physiology-based exercise (intervention) is the most suit-
able. The principle of “different physiological disorders, different treatment inter-
ventions” is vital to dysphagia management.

When planning dysphagia treatment, clinicians must consider multiple factors:

• The definitive or most likely diagnosis
• The patient’s general health status (stable/unstable, medical condition, cognitive 

condition)
• The patient’s current swallowing ability and associated problems
• The patient’s current nutritional status (type, amount, time)
• Previous and most recent evaluation and treatment
• Caregiver and social support
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This information is helpful for both planning therapeutic interventions and deter-
mining the proper time for initiation of swallowing rehabilitation on an individual- 
patient basis.

Swallowing exercises aim to achieve permanent functional improvement in 
swallowing through alterations of physiological impairment. In Japan, swallowing 
treatment is generally classified as indirect and direct exercises. Indirect exercise 
focuses on exercises performed without food or liquid as a part of the treatment 
program. In contrast, direct exercise is performed with utilization of food and/or 
liquid. This classification is introduced from the view of swallowing related to risk.

The Fujita swallowing team classifies the swallowing exercise based on the pre-
viously described principle of the four components of rehabilitation medicine as a 
reconstruction of activity (Fig. 7.1):

 1. Element-based exercises (activity-function-structure relationship)
 2. Behavior-based exercises (therapeutic learning)

The goal of element-based exercises is to increase the functional level of activity- 
dependent elements such as muscle strength and endurance, range of motion, and 
coordination of structures. The goal of behavior-based exercises is to integrate 
activity-dependent elements with swallowing activity through the learning. In this 
type of exercise, swallowing behavior is more strongly emphasized and performed 
with a suitable level of difficulty (Table 7.1).

Decisions regarding therapeutic strategies should be based on accurate evalua-
tion and diagnosis of swallowing disorders, ideally identifying physiological 
impairments by VF and/or VE study. The following section of text presents the 
details of each exercise used for dysphagic patients at FHUR.

Table 7.1 Swallowing exercise-based rehabilitation therapies

Element-based exercise  
(activity- function- structure relationship)

Behavior-based exercise  
(therapeutic learning)

Oral element-based exercise
• Lingual range-of-motion exercise
• Lingual strengthening exercise
• Lingual oromotor control exercise

Facilitation technique (including similar effects)
• Thermal-tactile stimulation
• K-point stimulation
• Balloon dilatation

Pharyngeal elemental-based exercise
• Shaker exercise
• Tongue base exercise
•  Tongue-holding exercise  

(Masako maneuver)

Target-oriented exercise
• Swallowing maneuvers
1. Supraglottic swallow
2. Super-supraglottic swallow
3. Mendelsohn maneuver
4. Effortful swallow
•  Postural techniques (single, combine):  

trunk, head/neck
• Diet modifications

Other
Expiratory muscle-strengthening 
exercise
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7.2.1  Element-Based Exercises

Element-based exercises target neuromotor control, which is a prerequisite for 
swallowing function. Knowledge of the activity-function-structure relationship is 
fundamental for a comprehensive understanding of the effects of swallowing inter-
ventions. The particular structure that corresponds to the targeted function must be 
considered. An understanding of this relationship will help clinicians to easily 
determine the most appropriate treatment plan for the patient (Fig. 7.4).

7.2.1.1  Oral Element-Based Exercises

• Organs: lower jaw, lip, cheek, and tongue
• Functions: bolus intake, mastication, bolus formation, and bolus propulsion
• Training: range-of-motion exercise, strengthening exercises (resistant and endur-

ance), and oromotor control exercises

The tongue is the key component in oral element-based exercises and plays the 
most important role in oropharyngeal swallowing, especially in the oral stage, 
which involves oral preparatory functions and oral transit. The major roles of the 
tongue are bolus intake, bolus holding, mastication, bolus formation, and bolus pro-
pulsion. Thus, tongue exercises are essential for improvements in the swallowing 
functional outcome. Many types of exercises are used to improve tongue function 
and are described below.

Structure Function Exercise

• Lip

• Tongue

• Jaw

• Soft palate

• Hyoid

• Larynx

• Pharynx

• Esophagus

• Bolus intake

Tongue exercise
-protrusion
-lateralization
-pulling back
-elevation

Shaker exercise
Tongue holding maneuver

• Labial closure

• Hold the bolus

• Mastication

• Bolus propulsion

• Bolus formation

• Velopharyngeal closure

• Laryngeal elevation

• Laryngeal closure

• Propulsion in pharynx

• Upper esophageal sphincter opening
© FHUR 2017

Fig. 7.4 Relationship between structure and function as the basis of element-based exercises
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Tongue range-of-motion exercises are fundamental for bolus manipulation in 
both the oral preparation and transit stages. All directions of tongue movement are 
important, including elevation from the front to the back, lateralization, protru-
sion, and pulling back. During tongue movement in each direction, the clinician 
asks the patient to hold the tongue in a particular position for a few seconds. A 
gradual increase in frequency and intensity is necessary for functional improve-
ment (Appendix “Tongue Range-of-Motion Exercise”). These exercises also pro-
mote tongue strengthening for bolus formation and propulsion, particularly the 
tongue blade elevation exercise. In addition to manual exercises, several devices 
are used to facilitate tongue strength (Appendices “Tongue Resistance-
Strengthening Exercise” and “Devices to Facilitate Tongue Strengthening 
Exercise”).

Oromotor control exercises are also important for oromotor function. These 
exercises involve not only the tongue but also other oral structures to promote 
improved bolus control (Appendix “Oromotor Control Exercise”). The clinician 
should gradually increase the speed of these exercises when the patient’s ability has 
improved.

7.2.1.2  Pharyngeal Element-Based Exercises

• Organs: tongue base, hyoid bone, pharynx, larynx, and UES
• Functions: hyolaryngeal elevation, laryngeal closure, pharyngeal constriction, 

and UES dilatation
• Training: Shaker exercise, tongue base retraction exercise, and tongue-holding 

exercise (Masako maneuver)

Shaker Exercise

The Shaker exercise or head lift exercise is a combination of an isometric and iso-
kinetic non-swallowing exercise to strengthen the suprahyoid muscles (specifically 
the geniohyoid, mylohyoid, and digastric muscles) and enhance thyrohyoid shorten-
ing. The physiologic principle of the Shaker exercise is an increase in superoante-
rior hyolaryngeal movement by strengthening of the suprahyoid muscles with a 
resultant improvement in UES opening [2]. One study revealed that the Shaker exer-
cise was effective in patients who required tube feedings because of abnormal UES 
opening. The data showed a change in swallowing physiology with clinical improve-
ment (reductions in pyriform sinus residue and post-swallowing aspiration) [3]. The 
Shaker exercise is recommended three times a day for 6 weeks; this results in a 
significant increase in the UES anteroposterior opening diameter and a decrease in 
the hypopharyngeal intrabolus pressure, which is a marker of flow resistance [4] 
(Appendix “Shaker Exercise”). This exercise protocol should be incrementally 
adjusted based on the patient’s ability level. In some dysphagic patients with limited 
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ability to perform the Shaker exercise (such as those with tracheostomy, severe 
weakness of head and neck muscles, limitation of neck movement, and/or inability 
to lift the head), strengthening of the suprahyoid muscles can be facilitated by alter-
native therapeutic interventions such as the jaw-opening exercise [5] (Appendix 
“Jaw-Opening Exercise”).

Tongue Base Retraction Exercise

Tongue base retraction generates pressure with which to drive the pharyngeal bolus. 
The tongue base drives bolus material through the pharynx by moving back, making 
complete contact with the pharyngeal wall and thus applying pharyngeal pressure to 
the tail of the bolus. Therefore, tongue base retraction plays a critical role in pharyn-
geal clearance especially in the vallecula, acting in cooperation with pharyngeal 
constriction. The tongue base retraction exercise is designed to improve the maxi-
mum range of posterior movement of the tongue base, establishing strength to pro-
pel the bolus and ensure clearance of the bolus through the pharynx (Appendix 
“Tongue Base Retraction Exercise”).

For patients who cannot follow the instructions provided by the clinician, the patient 
can pull the tongue back against the pulling force provided by the clinician at the tip of 
the tongue. Alternative therapies include voluntary tongue base strengthening exercises 
to improve impaired tongue base movement (e.g., gargling, yawning) [6].

Tongue-Hold Swallow Exercise (Masako Maneuver)

Contraction of the posterior pharyngeal wall coupled with posterior movement of 
the tongue base during swallowing provides the driving force necessary to assist 
bolus clearance, propelling the bolus through the upper pharynx during swallowing. 
Upper pharyngeal or vallecular residue is observed when insufficient contact is 
present between the tongue base and posterior pharyngeal wall.

The tongue-hold swallow exercise focuses specifically on pharyngeal contrac-
tion by physiologically increasing the anterior movement of the pharyngeal muscu-
lature (the superior pharyngeal constrictor muscle, the muscle fibers of which are in 
conjunction with the intrinsic muscles of the tongue), thus contributing to improved 
contact between the tongue base and posterior pharyngeal wall during the pharyn-
geal stage of swallowing [7–9] (Appendix “Tongue-Holding Swallow Exercise 
(Masako Maneuver)”). This exercise, therefore, is thought to aim for strengthening 
the pharyngeal contraction.

Because of the negative consequences of the tongue-hold maneuver, this exercise 
should not be performed with a bolus or during meals; it should instead be per-
formed with saliva. Increased pharyngeal residue, a shortened duration of airway 
closure, and a longer pharyngeal swallow response time have been reported with the 
use of a bolus in dysphagic patients [10].
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7.2.1.3  Other Exercises

Expiratory Muscle-Strengthening Exercise

The expiratory muscles function in respiration, speech, and voice production. 
Likewise, they have a potential role in swallowing function by enhancing the abil-
ity to perform a productive cough as a defense mechanism. This prevents material 
from entering the airway by providing adequate expiratory or subglottic 
pressure.

The expiratory muscle-strengthening exercise (EMST) is a non-swallowing 
exercise designed to modify the physiological biomechanisms of expiratory tasks 
related to swallowing function for airway protection in dysphagic patients. The 
therapeutic goal of the EMST is to improve the maximal expiratory pressure, cough 
strength, and subglottic pressure, all of which are associated with the coordination 
of swallowing function and help to reduce the risk of penetration and aspiration [11, 
12]. Therefore, the EMST could translate to functional improvement in coughing 
and swallowing. At FHUR, we use two types of handheld airway clearance devices: 
the Portex Acapella® (Smiths Medical Inc., Minato-ku, Tokyo) and the Threshold 
positive expiratory pressure device (CHEST M.I., Inc., Bunkyo-ku, Tokyo). These 
devices combine the resistive feature of a positive expiratory pressure device with 
the vibratory feature of a flutter valve to mobilize retained airway secretions. 
Clearing the airway before swallowing training promotes safe swallowing and min-
imizes the risk of aspiration (Appendix “Expiratory Muscle Strengthening 
Exercise”).

7.2.2  Behavior-Based Exercises

Behavior-based exercises promote therapeutic learning by integrating all the 
activity- dependent elements to the actual swallowing behavior by utilizing assistive 
system. The key of behavior-based exercises involves the task difficulty range. The 
difficulty of a task is one of the main components in motor learning that influences 
the possibility of achieving the targeted result. Methods with which to overcome 
difficult tasks include:

 1. Providing an easier task that can be transferable to the target (e.g., postural tech-
niques, food modifications, swallowing maneuvers)

 2. Changing conditions (e.g., facilitative techniques)

The proper method will provide an adequate range of task difficulty and promote 
achievement of the desired goal (Fig. 7.5).

The combination of both facilitation techniques and target-oriented exercises 
ensures the most effective swallowing treatment. For example, postural strategies, 
diet modification, and/or swallowing maneuvers are manipulated to contribute to the 
difficulty of a task; this is performed along with stimulation technique during the 
swallowing exercises, as shown in Fig. 7.6. Once a patient’s condition has improved, 
the task should be modified toward a higher goal based on the patient’s success rate.
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7.2.2.1  Facilitation Techniques (Including Similar Effects)

Facilitation induces a temporary change in the patient’s ability and encourages suc-
cessful performance of the swallowing exercise. The three most common facilita-
tion techniques are thermal-tactile stimulation, K-point stimulation, and the balloon 
dilatation exercise.

Thermal-Tactile Stimulation [3, 6, 13]

Thermal-tactile stimulation is a sensory stimulation technique most commonly used 
to improve triggering of the pharyngeal swallow in patients with a delayed swallow-
ing reflex and high risk of pre-swallow airway invasion resulting from this delay. 

• Facilitation

Change condition

Provide easier task
transferable to target

2 Ways of Overcome Difficult Tasks

Amount of Ex

Adequate range of difficulty

Limit-difficulty

Difficult target task

• Posture
• Food modification

• Swallowing maneuvers

Success Rate

© FHUR 2017

Change condition

Fig. 7.5 Two methods to overcome difficult tasks based on behavioral exercise
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Fig. 7.6 Exercise task with consideration of task difficulty
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The purpose of cold mechanical stimulation is to heighten the oral sensitivity for the 
swallow and possibly alter central nervous system excitability by stimulus-induced 
cortical plasticity. Cold application also acts as a sensory stimulus to the brain stem, 
inducing improvements in the swallowing physiology, which requires the ability to 
voluntarily swallow without stimulation.

The anterior faucial pillars are particularly recommended for mechanical thermal 
stimulation because they are one of the most sensitive oral areas for triggering of the 
swallowing reflex (Appendix “Thermal-Tactile Stimulation”). Thermal-tactile stim-
ulation is performed on both sides in case of bilaterally equal sensitivity. Other areas 
in the oral cavity are also used to stimulate initiation of the swallow response during 
training, including the tongue base, posterior part of the tongue, velum, and poste-
rior pharyngeal wall.

K-Point Stimulation [14]

K-point stimulation is a swallowing facilitation technique developed by Kojima in 
2002. The K-point is located on the mucosa lateral to the palatoglossal arch and 
medial to the pterygomandibular fold at the height of the post-retromolar pad 
(Fig. 7.7).

This trigger point can be stimulated by a soft touch or light pressure applied by 
the clinician’s finger or a tongue depressor to facilitate swallowing. K-point stimu-
lation mechanically induces a pathological reflex, particularly in patients with pseu-
dobulbar or suprabulbar palsy. The effects of pathological trigger point stimulation 
at the K-point in patients with pseudobulbar palsy include facilitation of the swal-
lowing reflex with mastication-like movement and easier opening of the mouth in 
patients with trismus. Although K-point stimulation has a temporary effect, it allows 
patients to efficiently relearn actual swallowing exercises.

K-point

Pterygomandibular fold

Fig. 7.7 The K-point is 
located on the mucosa 
lateral to the palatoglossal 
arch and medial to the 
pterygomandibular fold at 
the height of the post-
retromolar pad 
(Reproduced from [42] 
with permission)
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In Japan, a special device called the K-Spoon (Aoyoshi Co., Ltd., Niigata, Japan) 
is often used for K-point stimulation (Appendix “K-Spoon”). The K-point can be 
gently stimulated either before or during feeding by placing food from the K-Spoon 
onto the dorsum of the tongue and then touching the K-point with the tip of the 
K-Spoon, particularly in patients with a delayed swallowing reflex. The K-point can 
also be touched during bolus formation if oral movement has stopped while 
chewing.

Balloon Dilatation

Balloon dilatation, first reported in 1997 [15], is an optional conservative treatment 
widely used for cricopharyngeal dysfunction, particularly in patients with a large 
amount of post-swallowing pharyngeal residue in the pyriform sinus [15–17]. This 
procedure is cost-effective, minimally invasive, safe, and generally well- tolerated. 
This balloon-expanding procedure works by stretching the cricopharyngeal muscle 
and surrounding tissues, facilitating the relearned coordinated swallowing process 
between UES relaxation and pharyngeal contraction, and improving the sensory-
motor coordination of the UES [16, 17]. The balloon dilatation technique is demon-
strated in Appendix “Balloon Dilatation” (Figs. 7.8 and 7.9).

At FHUR, balloon dilatation is first performed under VF to ensure accurate posi-
tioning of the dilated balloon at the UES, determine the immediate effect of balloon 
dilatation, and obtain biofeedback of the performance. A round balloon is used 
(Foley, 12–14 Fr). VF is performed twice, before and immediately after balloon 
dilatation, to evaluate bolus flow through the UES. After confirmation of the toler-
ability and immediate effects, balloon dilatation is performed at the bedside by 
SLHTs. The initial volume of air blown into the balloon is 3–4 ml; this is gradually 
increased to 10 ml based on the patient’s condition. Balloon dilatation is usually 
performed 5–10 times per set (2–3 sets/day).

Fig. 7.8 Pulling of the balloon (arrow) 
backward through the UES during VF 
(anteroposterior view)
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7.2.2.2  Target-Oriented Exercises

Target-oriented exercises involve repeated performance of easier, limit-difficulty 
tasks. Patients can become proficient after repeated practice. There are three aspects 
to overcoming task difficulty: swallowing maneuvers, postural strategies, and diet 
modifications.

Swallowing Maneuvers

Swallowing maneuvers involve the application of voluntary controls to a specific 
movement of the pharyngeal muscles used during swallowing [6]. These maneu-
vers change the swallow physiology, providing the patient with a new swallowing 
strategy. Several swallowing maneuvers are available, including the supraglottic 
and super-supraglottic swallow, Mendelsohn maneuver, and effortful swallow. 
Most maneuvers are difficult for patients to understand at their first attempt; thus, 
patients must persist with these exercises to become proficient. Swallowing maneu-
vers are generally initiated with a dry swallow followed by an actual bolus swal-
low; they are also used during meals to ensure swallow safety and efficacy. The 
recommended exercise protocol is usually at least 5–10 times per set, 2–3 sets per 
day, and 7 days per week. Additionally, VE or VF study can be used for visual per-
formance feedback to enhance learning and examine the efficacy of the 
maneuvers.

Supraglottic and Super-Supraglottic Swallow

The supraglottic swallow and super-supraglottic swallow are volitional safe swal-
lowing techniques used before and during the swallow for patients who demonstrate 
reduced airway protection secondary to delayed and/or decreased laryngeal closure. 

Fig. 7.9 Lateral fluoroscopic view, (left) before balloon dilatation; bolus residue is present in the 
pyriform sinus after swallowing, (right) after balloon dilatation; no bolus residue is present after 
swallowing
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Basically, laryngeal closure during swallowing involves approximation of valves 
including the true vocal folds, false vocal folds, and aryepiglottic folds as well as 
epiglottic inversion [18, 19]. Breath holding in both maneuvers facilitates earlier 
laryngeal closure and improves safe bolus passage. Breath holding prior to and 
throughout the swallow increases closure of the true vocal folds and medial approx-
imation of the arytenoids, but the super-supraglottic swallow involves extra effort 
[18–21]. The extra effort involved in breath holding (super-supraglottic swallow) 
provides more effective and supplemental function for greater airway protection via 
closure of the false vocal folds and anterior tilting of the arytenoids toward the base 
of the epiglottis. Subsequent coughing after the swallow and before breathing again 
aims to clear any residual material that has entered the laryngeal vestibule during 
the swallow or material that has been aspirated upon opening of the vocal folds and 
inhalation (Appendix “Supraglottic and Super-Supraglottic Swallow”).

Mendelsohn Maneuver

The Mendelsohn maneuver is designed to augment superior and anterior movement 
of the hyolaryngeal complex and the subsequent increase in the UES opening (both 
the anteroposterior opening diameter and opening duration) during swallowing [22, 
23]. This maneuver also has the potential to improve the timing and coordination of 
swallowing in the pharyngeal stage with the improvement in pharyngeal clearance 
[24, 25]. Furthermore, this maneuver can generally be performed to strengthen and 
enhance hyolaryngeal movement. Clinically, the Mendelsohn maneuver may be dif-
ficult for patients to understand and accomplish. The clinician typically shows the 
patient how to execute the maneuver by palpating the laryngeal elevation during the 
swallow to augment understanding and detecting the distance and duration of laryn-
geal movement (Appendix “Mendelsohn Maneuver”).

Effortful Swallow

The effortful swallow was developed to improve the posterior movement of the 
tongue base [26–29] and increase the degree of pharyngeal constriction during the 
swallow [30]. It is used for patients in an attempt to improve bolus clearance from 
the vallecula [6]. Physiologically, the ultimate goal is to increase propagation of the 
pharyngeal pressure secondary to facilitating bolus flow through the pharynx and 
UES (Appendix “Effortful Swallow”).

Postural Modification

Postural modification involves behavioral interventions to adjust the difficulty of 
swallowing tasks. Two essential principles of postural management are changes in 
gravity (e.g., reclining) and space manipulation (e.g., head rotation, head/neck flex-
ion) of the bolus path, which thus controls bolus flow (direction and speed) through 
the pharynx (Fig. 7.10).
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Several postural strategies have been developed to minimize or eliminate the risk 
of food/liquid aspiration, enhance the efficiency of swallowing function, and main-
tain safe oral intake. Postural modification is often used in target-oriented exercise 
to augment swallowing function and is the first technique applied to prevent pene-
tration or aspiration. This enables maintenance of a normal or near-normal diet and 
accelerates earlier removal of the feeding tube. It is easily utilized in combination 
with bolus modification to reduce the risk of aspiration. Before prescription of the 
postural adjustments, instrumental examination (especially VF) should be per-
formed to precisely determine the efficacy of the postural strategies and the most 
appropriate texture and consistency of foods and fluids; this will allow the clinician 
to assess whether these strategies effectively reduce the risk of aspiration. The most 
common postural techniques used at FHUR, both during instrumental examination 
and swallowing training, are described below.

Reclining Position [31, 32]

The reclining or lying-down position is implemented to ensure a lower risk of aspi-
ration than that associated with the seated-upright position. The reclining position 
changes the impact of gravity, affecting the bolus pathway and speed of bolus 
transport.

In the reclining position, with respect to the inclination of the oral cavity, the 
front of oral cavity is raised, and the back part is lowered. Thus, the bolus is trans-
ported easier from oral to the pharynx with the increased effect of gravity in oral 
cavity. Regarding the inclination of the posterior pharyngeal wall, the slope is get-
ting moderate. Thus, the bolus advances slowly and arrives late at the hypopharynx 
with the decreased effect of gravity in the pharynx. Moreover, the trachea is posi-
tioned above the esophagus, resulting in a decreased incidence of the bolus entering 
the trachea and increasing the ability to hold the bolus in the pharynx without 
 aspiration. Pharyngeal residue is likely to be held in the pyriform sinus, allowing 
patients to safely proceed with a second and third swallow and reducing the 

Utilize gravity

Recline

Head rotation

Manipulate space

© FHUR 2017

Fig. 7.10 Two key principles of postural management

Y. Inamoto et al.



125

possibility of post-swallowing aspiration. This postural technique can be used in 
patients with impaired bolus transportation from the oral to the pharynx (e.g., bilat-
eral reduction in pharyngeal wall contraction). The reclining technique is also use-
ful in patients who have slow pharyngeal response.

The angle of the reclining position can be adjusted based on the patient’s condi-
tion. A 30° reclining posture is often used for patients with severe dysphagia; this 
angle is then incrementally adjusted to ≥60°, which helps the patient to eat without 
any further assistance. Additionally, the impact of gravity in oral cavity must be con-
sidered. When the patient reclines, the speed of bolus flow in the oral cavity is accel-
erated. Severe oral phase problems such as poor bolus holding function may lead to 
premature spillage. Additionally, the head and neck position must be monitored while 
the patient is reclined to reduce the risk of aspiration secondary to an extended head 
and neck position. A pillow is thus recommended to maintain a flexed position.

Head Rotation or Head Turn

Head rotation is a postural strategy used to manipulate the hypopharyngeal space 
for control of the pharyngeal bolus flow through the esophageal inlet. Rotation of 
the head causes narrowing of the hypopharyngeal space on the rotated side and 
widening on the opposite, thus improving bolus clearance, i.e., a greater bolus vol-
ume is able to pass through the wider side of the bolus pathway [33, 34]. Accordingly, 
this postural compensatory technique is used for patients with pharyngeal hemipa-
resis, unilateral laryngeal dysfunction or reduced laryngeal closure, and impaired 
UES opening. Patients are instructed to turn their head to the weakened side as if 
they are looking over their shoulder (Fig. 7.11).

© FHUR 2017

Fig. 7.11 VE images with a drawing of the head posture. Head rotation is performed to manipu-
late the hypopharyngeal space. The bolus proceeds along the wide passage on the opposite side of 
the rotated head (arrow in VE images)
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Combination of Reclining and Head Rotation

When both gravity changes and space manipulation are needed to be utilized, reclin-
ing and head rotation are selected. However, caution is warranted. The bolus is 
transported to the rotated side of the head in the combined reclining and head rota-
tion position because of the gravity effect. Thus, to prevent the bolus propulsion 
toward the rotated side of the head, trunk rotation to the opposite side of head rota-
tion is necessary. For example, if the patient benefits from both right head rotation 
and reclining, left-side trunk rotation is required in combination with right head 
rotation and reclining (Figs. 7.12 and 7.13).

Reclining Reclining and head rotation

© FHUR 2017

Fig. 7.12 (Left) reclining posture manipulates the bolus flow by the effect of gravity. (Right) the 
combination of reclining and head rotation in the semi-supine position may increase the risk of 
aspiration because of bolus going to the unintended right side due to the effect of gravity

© FHUR 2017

Fig. 7.13 VE images and a drawing of the combined posture (reclining and head rotation to the 
affected side). The bolus proceeds directly to the narrower side (head-rotated side) in accordance 
with the force of gravity, which may increase the risk of airway aspiration
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Thus, to utilize both gravity and space manipulation for the purpose of reducing 
aspiration and residue, the postural approach involving combination of trunk rota-
tion (side-lying) toward the sound side with head rotation to the paretic side along 
with reclining was developed. Rotating the body toward the unaffected side allows 
efficient downward movement of a bolus through the strong side with the help of 
gravity, and rotating the head toward the affected side widens the hypopharyngeal 
space on the unaffected side (Fig. 7.14).

Even if the effects of posture management are beneficial, actual performance of 
such manipulations may be difficult because of the need for multiple items, the 
inconsistent accuracy of the recommended posture, and patient fatigue or discom-
fort. These difficulties limit the postural effects and the swallowing ability of the 
patient. The swallowing chair was developed by Tomei Brace Co., Ltd. to overcome 
these barriers. This chair provides simplicity, ease, and comfort throughout the eval-
uation [35]. The swallowing chair also contributes to high reproducibility of postural 
adjustment within a short time. It can be easily adjusted with respect to both trunk 
reclining and rotating functions. Several accessories (including a pillow to support 
the head and neck, triangle pillows, a backrest, and leg guards) are available to 
achieve an accurate, stable, and comfortable posture to facilitate the patient’s 
swallowing ability (Figs. 7.15 and 7.16).

© FHUR 2017

Fig. 7.14 VE images and a drawing of a combined posture: reclining, head rotation to the affected 
side, and trunk rotation to the unaffected side. The bolus advances to the sound side of the pharynx 
with the help of gravity, lessening the occurrence of airway aspiration

7 Swallowing Exercises



128

Head and Neck Flexion

Head and neck flexion is a postural technique used to adjust the pharyngeal space 
and is widely applied in dysphagia management. This maneuver has different physi-
ological effects on different anatomical structures [36].

In head flexion, the whole upper cervical spine (occiput–C1, C1–C2) is flexed, 
pushing the tongue base and epiglottis backward and resulting in greater 

Leg side guard

Triangle
pillow

Pillow Back rest

© FHUR 2017

Fig. 7.15 The novel swallow chair. (Left) the swallow chair can be adjusted using reclining and 
tilting functions (red arrow) in addition to rotation of the seat by 30°, 60°, and 90° (yellow arrow). 
(Middle) accessories of the swallow chair provide rapid, accurate, and stable adjustment of pos-
ture; these include a pillow to hold the head and neck securely, triangle pillows, a backrest to pro-
vide back and hip stability, and leg guards to support the lower extremities. (Right) 30° reclining 
combined with right trunk rotation and left head rotation

© FHUR 2017

Fig. 7.16 Postural adjustment using the swallow chair (right) compared with the typical method on 
a bed (left), which seems uneasy and inconvenient. The use of the swallow chair promotes a more 
comfortable posture and facilitates the performance of swallowing exercises with safe oral intake
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approximation of the tongue base with the posterior pharyngeal wall. This effect is 
useful for patients with bolus residue in the vallecula, which may cause post- 
swallowing aspiration. Conversely, in neck flexion, the middle and lower cervical 
spines (C2–C7) are flexed. Neck flexion widens the vallecula, which helps patients 
with a delayed swallowing reflex and prevents pre-swallowing aspiration. 
Combination of head and neck flexion is commonly performed to achieve safe oral 
feeding (Fig. 7.17).

Diet Modification (Texture Modification and Thickened Liquids)

Diet modification involves alteration of the consistency of foods and liquids to 
limit the difficulty of tasks, addressing both the safety and efficiency of swal-
lowing. Modification of both the texture of foods and thickness of liquids has 
become a routine practice for the evaluation and treatment of swallowing diffi-
culties. The next section of text clarifies the diet modification protocol performed 
at FHUR.

© FHUR 2017

Fig. 7.17 Comparison of anatomical changes induced by head and neck flexion; (left) neutral 
position; (middle) head flexion, the neck is kept straight and the chin is tucked in and slightly 
downward; (right) neck flexion, the chin is brought toward the chest so that the patient is looking 
down at his or her knees
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Texture-Modified Food

Texture modification involves mechanical alterations to the physical properties of 
food, changing the consistency (physical characteristics) of the original food. This 
diminishes the need for chewing or bolus formation, allows for easier consumption, 
and reduces the risk of serious health consequences such as choking and asphyxia-
tion. The main food texture characteristics affecting bolus consistency and therefore 
the level of difficulty of swallowing are as follows:

 1. Cohesiveness: The degree to which the food deforms rather than shears when 
compressed. This parameter reflects the ability of the food to form a united 
whole and withstand compression.

 2. Adhesiveness: The effort necessary to overcome the attractive force of food that 
pulls it toward another contact surface (e.g., tongue, palate, teeth).

 3. Hardness (chewability): The force necessary to compress a food to attain a certain 
degree of deformation (e.g., biting and chewing a solid food just prior to shearing).

During the process of mastication and bolus formation, various physical proper-
ties (including chopping, mincing, grinding, and blending) of normally textured 
food are modified to achieve the safest food for the patient by softening, gathering 
the contents into one bite, and controlling the stickiness (Fig. 7.18).

Mastication, Bolus formation

Mastication / Formation

Cohesiveness

Adhesiveness

Hardness

Bolus is propelled to
pharynx by stage II

transport

low

Safer bolus

high

high

low

high

low

Bolus
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Fig. 7.18 Three main factors affecting bolus consistency (cohesiveness, adhesiveness, and 
hardness)
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Based on the above concepts, the easiest and safest food to ingest is that requir-
ing no chewing or change in bolus consistency. The bolus should be soft (low hard-
ness), have good collectivity in the oral cavity and pharynx (high cohesiveness), and 
be able to be propelled without adhering to the mucous membrane (low adhesive-
ness), which is represented by special jelly (Engelead; Otsuka Pharmaceutical 
Factory, Inc.) [37].

Figure 7.19 shows the level of difficulty of food that has been modified for dys-
phagic patients with regard to the discrete and chew swallow. Both special jelly and 
paste have a homogeneous consistency that can be easily swallowed without chew-
ing (discrete swallow), as shown by the very thin bar of the processing and mastica-
tion stages. Additionally, high cohesiveness and low adhesiveness help the safe 
transport with less likely to cause residue and aspiration. Notably, the special jelly 
does not melt into a liquid even when placed in the oral cavity and/or in the pharynx 
in a certain time of period. Thus, it is often used in the period of initial direct train-
ing as safest food (Fig. 7.20).

After paste, a chopped, thickened food is introduced; this requires a certain 
chewing ability (chew swallow) and increases the burden in the pharynx, resulting 
more risk of aspiration and residue. It is a potentially big step for patients with low 
swallowing ability, who comes to be able to manage paste food somehow. Ideally 
for the next step of paste food, food requiring certain ability of chewing and bolus 
formation in addition to have the same level of pharyngeal function for paste food 
is recommended. Because no actual food meets this description, the Fujita swallow-
ing team collaborated with a company that developed a novel semisolid training 
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Fig. 7.19 Food difficulty adjustment of swallowing task in oral and pharyngeal stages. The width 
of the bar represents the difficulty level of the swallowing task
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food, namely, a chew-swallow managing food (Process Lead; Otsuka Pharmaceutical 
Factory, Inc.) [38], as a training material based on the principle of mastication in the 
oral stage to provide the most appropriate food with respect to the swallowing task 
difficulty (Figs. 7.21 and 7.22).

High cohesiveness
Low adhesiveness

Deformability

Fig. 7.20 Special jelly (Engelead) used in the initial period of direct swallowing training 
(Reproduced from Otsuka Pharmaceutical Factory, Inc. with permission)
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Fig. 7.21 Food difficulty adjustment for swallowing task. The process lead is available to practice 
processing and mastication in the oral stage with similar demand regarding bolus propulsion and 
swallowing ability in the pharyngeal stage
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At FHUR, we classify dysphagic food into six levels:

 1. Jelly diet

Uniform consistency (high cohesiveness and low adhesiveness) that can be 
swallowed as a single bolus

Requires no chewing

 2. Paste diet

Homogeneous, high cohesiveness, and more variability of adhesiveness
Requires no chewing

 3. Modified thickened diet

Consists of rice gruel and chopped softened food with thickened soup.
A thickener is incorporated into all food in the meal.
Bolus formation and transportation easily occur.
Requires very little chewing.

 4. Mechanical soft diet

Consists of rice gruel and mechanical softened foods
The mechanical softened food at a consistency that can be crushed by the gums 

or between the tongue and hard palate
Requires some chewing

Fig. 7.22 Chew-swallow managing food/process lead for facilitation of the chew-swallow exercise. 
Although this food has an initial consistency and hardness requiring chewing, it is deformable, is 
easily coherent with saliva, can be readily propelled to the pharynx without adherence, and easily 
forms a bolus in the pharynx and collected in the vallecula with a texture equivalent to puree at the 
time of swallowing (Reproduced from Otsuka Pharmaceutical Factory, Inc. with permission)
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 5. Soft diet

Consists of softened rice and foods
The softened food at a consistency that requires a higher chewing ability than the 

mechanical softened food

 6. Regular diet (normal diet)

(Levels 4–6; liquid can be thickened with a thickener as necessary) (Fig. 7.23).

This classification system has been used to formulate diets of appropriate 
texture for individual dysphagic patients in our hospital and meets specific 
standards of swallowing safety. This food system is also used for direct swal-
lowing training by SLHTs and nurses. Dieticians help to control the quality 
and consistency of dysphagia diets by ensuring adequate nutrient and energy 
contents.

New Innovation of Dysphagia Diet: Advanced Commercially Food Texture 
Modification in Japan

Advanced modification of commercial food has been developed with respect to 
various designs and tastes. This has been achieved by the enzyme homogeneous 
permeation technique, which produces precisely textured foods in terms of hardness 
and adhesiveness while maintaining the usual appearance of the original food [39] 
(Figs. 7.24 and 7.25).

1. Jelly diet 2. Paste diet 3. Modified thickened diet
: rice gruel and chopped food with thickened soup

4. Mechanical soft food 5. Soft diet 6. Regular diet
: softened rice and foods: rice gruel and softened foods

© FHUR 2017

Fig. 7.23 Six diet modification levels for dysphagic patients at Fujita Health University Hospital

Y. Inamoto et al.



135

0.0
0.0 87.5 175.0 262.5

(160.4, 295.1)

350.0

From EN OtsukaAdhesiveness

(x102 J/m3)

Regular beef
H

ar
en

es
s

(x
10

4  
N

/m
2 )

1.0

2.0

3.0

4.0

© FHUR 2017

(5.3, 1.2)

Enzyme Homogenous
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Fig. 7.24 Modified food in the form of a “beef steak” using the enzyme homogeneous permeation 
technique. Hardness has been converted from 160.4 to 5.3 × 104 N/m2, and adhesiveness has been 
converted from 295.1 to 1.2 × 102 J/m3 (EN Otsuka, Hanamaki, Japan)

Fig. 7.25 Examples of various types of new modified foods by enzyme homogeneous permeation, 
namely, iEat products (Reproduced from Otsuka Pharmaceutical Factory, Inc. with permission)
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The availability of a wide variety of modified foods in the actual clinical setting 
allows patients to achieve better outcomes with respect to quality of life and ensures 
a wide range of foods from which to choose, particularly in the chronic stage of 
dysphagia.

Thickened Liquids

Thickened liquids have a slower speed of transit through the oral and pharyngeal stages 
of swallowing. This enhances safe swallowing by allowing better control. Thickening 
of liquids is widely performed for dysphagic patients, especially those with poor 
oromotor control of thin liquids in the mouth, a delayed or irregular pharyngeal 
response, impaired airway protection, and reduced cognitive function because these 
conditions easily lead to premature spillage, pre-swallowing aspiration, and aspiration 
during swallowing. Evaluation of the bolus volume is also required to determine 
whether volume regulation can prevent airway invasion. At FHUR, thickened liquids 
are classified into three levels of viscosity: thin, nectar, and honey (Table 7.2).

A powdered thickening agent is available for preparation under this classification 
and is used in both evaluation and swallowing exercise. Many commercial thickeners 
for liquid modification and/or flavor release in foods containing thickeners are afford-
able in Japan with relevance to health-related quality-of-life outcomes (Fig. 7.26).

Table 7.2 Classification of thickened liquids corresponding to apparent viscosity (mPa·s) 
measured at a shear rate of 50 s−1, 20 °C

Category Bolus Viscosity (mPa·s) Viscosity by NDD (centipoises, cP)a

Liquid Thin 16 1–50
Nectar-like 140 51–350
Honey-like 460 351–1750

aThe rightmost column presents the four levels of thickened liquids proposed in the National 
Dysphagia Diet (1 cP = 1 mPa·s) [43]

Fig. 7.26 Wide variety of 
commercial thickening 
agents available in Japan
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Fig. 7.27 Exercise task with consideration of task difficulty. A stepwise swallowing treatment 
plan has been formulated in accordance with the motor learning principle

The safety of a texture-modified diet and thickened liquids can be evaluated 
using VF and VE studies. These investigations should be used to determine 
whether dysphagic patients will benefit from diet modifications prior to 
prescription of such diet plans and to determine the adequate level of diet  
and liquid. When the patients attain the 70% success rate of consumption of 
current diet and liquid, next level of modified diet and liquid should be provided 
toward the regular diet. Thus, follow-up of dysphagic patients is needed to 
reevaluate and adjust the diet to ensure safety and adequate level of difficulty 
(Fig. 7.27).

The risks of dehydration and malnutrition, which are commonly problematic 
in dysphagic patients, must be kept in mind. Despite the variety of food 
modifications available for use, dehydration and malnutrition may still contribute 
to patients’ diminished intake and worsen their nutritional status. Partial 
dependence on gastrostomy feeding might be necessary for adequate nutrition in 
patients who have undergone partial restoration of oral intake with an adjusted 
food consistency. Oral supplements can be added to the regular diets of dysphagic 
patients to augment their nutritional intake. Likewise, liquid thickening may 
cause insufficient hydration, necessitating additional water via tube feeding. 
Dysphagic patients should be frequently evaluated for signs of dehydration and 
malnutrition. Accordingly, more aggressive nutritional and water support may be 
warranted.
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 Appendix

 Tongue Range-of-Motion Exercise [6]

Purpose: Improve oral transit (bolus holding, formation, propulsion, and mastication).
Instructions:

 1. Extend the tongue straight out of the mouth as far as possible, and then pull the 
tongue back as far as possible (tongue protrusion exercise).

 2. Elevate the back of the tongue as far as possible (tongue retraction exercise).
 3. Elevate the tip of the tongue behind the top teeth as high as possible (tongue tip 

exercise).
 4. Move the tongue to each side as far as possible within the oral cavity (tongue 

lateralization exercise) (Fig. 7.28).

Exercise protocol:

 1. Perform and release each exercise 5–10 times; attempt to hold each position for 
few seconds (up to 6–10 s).

 2. Perform three to five sets per day.

Note: Other oral element-based exercises, including range-of-motion exercises 
of the jaw, cheek muscle-strengthening exercises, and lip closure training, should be 
considered and concurrently practiced to improve oromotor functional control, par-
ticularly with respect to chewing (Fig. 7.29).

© FHUR 2017

Fig. 7.28 Tongue range-of-motion exercise, (left) tongue protrusion-retraction exercise, (middle) 
tongue lateralization exercise, (right) tongue elevation exercise (Reproduced from [42] with 
permission)

Y. Inamoto et al.
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 Tongue Resistance-Strengthening Exercise

Purpose: Strengthen the tongue to improve oral functions including bolus holding, 
formation, propulsion, and mastication.

Instructions:

 1. Push the tongue against the clinician’s finger, tongue depressor, surface of spoon, 
or Pecopanda*:

 (a) Push the tongue upward against the clinician’s finger or Pecopanda* (tongue 
blade elevation exercise).

 (b) Push the tongue firmly to the left and right sides against a vertical tongue 
depressor.

 (c) Push the tongue forward firmly against the clinician’s finger or tongue 
depressor.

 2. Pull the tongue back with maximum effort against the pulling force provided by 
the clinician (Fig. 7.30).

Exercise protocol:

 1. Hold the pushing or pulling position for a few seconds.
 2. Perform each exercise 5–10 times.
 3. Perform three to five sets per day.

Note: *The Pecopanda is a tongue-strengthening training tool available at five 
resistance levels.

a

b

© FHUR 2017

Fig. 7.29 Other oral element-
based exercises, (a) jaw 
range-of-motion exercise, 
(b) lip protrusion- retraction 
exercise (Reproduced from 
[42] with permission)
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 Devices to Facilitate Tongue-Strengthening Exercise

 Pecopanda (JMS Co., Ltd., Hiroshima, Japan)

The Pecopanda is a commercialized tool produced by JMS Co. for use with tongue 
resistance exercises. This tool has five levels of hardness (soft, soft-medium, 
medium, medium-hard, and hard) depending on the patient’s ability. The Pecopanda 
promotes an understanding of the exercise method and encourages the patient to 
perform the exercise voluntarily.

Exercise protocol: Recommended frequency is three times a day on more than 3 days 
per week with a subsequent gradual increase in the exercise load (Figs. 7.31 and 7.32).

 Tongue Pressure Measurement Device [4, 40]

A balloon-type tongue pressure measurement device is also produced by JMS Co. 
This tool is used to measure the tongue pressure and can also be used for incremen-
tal strengthening exercises. The device has a digital screen that shows the tongue 
pressure while the patient performs the exercise and provides a quantitative out-
come with which to objectively measure the patient’s progression. There is potential 
to reinforce the patient’s exercise performance to achieve the target goal by provid-
ing knowledge of his or her performance as feedback; this encourages the patient to 
achieve a higher pressure and increases patient compliance. The Fujita swallowing 
team uses this device for isometric progressive resistance oropharyngeal therapy as 
described below.

© FHUR 2017

ba

Fig. 7.30 Tongue-strengthening exercises, (a) pulling back against the pulling force, (b) tongue 
blade elevation exercise (Reproduced from [42] with permission)

Y. Inamoto et al.



141

 Isometric Progressive Resistance Oropharyngeal Therapy

Purpose: Strengthen the tongue to improve oral functions including bolus holding, 
formation, propulsion, and mastication.

Instructions:

 1. Sit in a chair in a relaxed position.
 2. Place the balloon (pressure bulb) in the mouth, and hold the plastic pipe at the 

midpoint of the central incisors with closed lips (Fig. 7.33).
 3. Raise the tongue, and firmly compress the balloon onto the hard palate with 

maximum voluntary effort while counting from 1 to 10. The maximum value is 
recorded. Perform this exercise six times. The mean of the six measurements is 
then calculated, representing the baseline maximum tongue pressure.

Pressure against
section

Bite position
section

Handle

S SS MS M H

Fig. 7.31 Pecopanda

Tongue Tongue
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Fig. 7.32 Use of Pecopanda. (Left) place the tool between the hard palate and tongue, ensuring 
stable positioning by fixing the tool using the teeth, and (right) push the tongue upward against the 
tool and hold for a few seconds
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 4. Perform progressive resistance exercises for 8 weeks, modified from Robbins 
et al. [41]:

• First week: 60% of maximum tongue pressure training.
• Second week: 80% of maximum tongue pressure training.
• Reevaluate maximum tongue pressure at weeks 3, 5, and 7 to assess clinical 

improvement and identify progressive changes in exercise target values while 
practicing at 80% of maximum tongue pressure training.

Exercise protocol: Ten times per set with a 30 s testing interval; three sets per day 
(this exercise regimen can be modified according to the patient’s condition) 
(Table 7.3).

 Oromotor Control Exercise [6]

Purpose: Improve lingual control for bolus manipulation, mastication, and 
movement.

• Anteroposterior movement of the midline of the tongue during swallow 
initiation

• Lateralization of the tongue during chewing
• Tongue cupping to hold the bolus
• Tongue elevation against the hard palate

Connector
tube

Tongue bulb
(Pressure bulb)

Plastic pipe

Incisor

Disposable probe

Rigid ring

Tongue

Hard palate Pressure bulb
(balloon)

Plastic cylinder
(for holding)

Disposable tongue
probe
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Fig. 7.33 (Left) balloon-type tongue pressure device (JMS Co. Ltd., Hiroshima, Japan);  
(right) use of the tongue-strengthening device

Table 7.3 Maximum tongue 
pressure of healthy subjects 
in each age group [42]

Age range (year) Max tongue pressure (kPa)

20–59 (adult male) 45 ± 10
20–59 (adult female) 37 ± 9
Over 60 38 ± 9
Over 70 32 ± 9

Y. Inamoto et al.
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a b

Fig. 7.34 Oromotor control exercise. (a) Hold the cotton swab between the tongue and hard 
palate; (b) forward-backward swabbing exercise and lateral swabbing exercise (Reproduced from 
[42] with permission)

Instructions:

 1. Hold a cotton swab between the tongue and hard palate.
 2. Move it from one side to the other, and then slide it forward and backward.
 3. Move it in a circular fashion from the middle of the tongue to the teeth on one 

side, back to the middle of the tongue, and then to the opposite side of the teeth 
in the same manner; this constitutes one cycle (Fig. 7.34).

Exercise protocol:

 1. Move in each direction 5–10 times.
 2. Perform three to five sets per day.
 3. Gradually increase the speed of the movements.

 Shaker Exercise [2]

Purpose: Improve hyolaryngeal superoanterior movement by physiologically 
strengthening the suprahyoid muscles (including the digastric, mylohyoid, geniohy-
oid muscles), thus improving UES opening.

Instructions: Lie in the supine position with no pillow under the head, and then 
perform the following two-part exercise:

Part 1: Isometric component

• One minute sustained head raise, repeat three times with 1  min rest between 
repetitions.
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Part 2: Isokinetic component

• Thirty consecutive repetitions of head raise (without rest) (Fig. 7.35)

Exercise protocol: Perform three times per day, 7 days per week for 6 weeks.
Notes:

• The patient is instructed to lift the head to look at the toes or umbilicus while 
keeping the shoulders flat on the floor or bed and continuing to breathe while 
performing the exercise.

• If the patient is too weak to complete the exercise protocol, the regimen should 
be adjusted on an individual basis to improve endurance.

Limitations: tracheostomy tube placement, limited neck mobility, and cervical 
spine deficits

 Jaw-Opening Exercise [5]

Purpose: Improve UES opening during the swallow.
Instructions:

 1. Maximally open the jaw and maintain for 10 s with a 10 s rest in between each 
exercise.

 2. Attempt to strongly contract the suprahyoid muscles during the exercise.
 3. Repeat five times.

Exercise protocol: Perform two sets of five repetitions daily for 4 weeks.
Note: Caution is needed in patients with a history of mandibular arthritis, degen-

eration of the articular disk of the temporomandibular joint, or temporomandibular 
joint dislocation.

© FHUR 2017

Fig. 7.35 Shaker exercise. 
The head is raised off of 
the floor or bed to look at 
the toes without raising the 
shoulders
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 Tongue Base Retraction Exercise

Purpose: Improve tongue base retraction strength to better propel the bolus and 
increase pharyngeal pressure.

Instructions:

 1. Pull the back of the tongue (tongue base) as far back into the mouth as possible 
and hold it for a few seconds.

 2. Pull the back of the tongue (tongue base) as far back into the mouth as possible, 
pretend to gargle hard, and then release.

 3. Yawn while pulling the tongue as far back as possible, and hold the mouth open 
as wide as possible for 1–2 s.

Exercise protocol: Perform three times per day, 7 days per week for 6 weeks.

 Tongue-Holding Swallow Exercise (Masako Maneuver)

Purpose: Improve posterior pharyngeal muscle contraction.
Instructions:

 1. Protrude the tongue from the mouth.
 2. Hold the anterior portion of the tongue gently between the front teeth or gums.
 3. Swallow while keeping the tongue protruded (Fig. 7.36).

Exercise protocol: Perform the exercise 10 times per set and 1–2 sets per day.
Note: This maneuver must be practiced only with saliva swallowing while incre-

mentally increasing the range of protrusion.

© FHUR 2017
Fig. 7.36 Illustration of tongue protrusion 
during the Masako (tongue-hold) maneuver
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 Expiratory Muscle-Strengthening Exercise

Purpose: Breathe out against resistance (positive pressure) to gain expiratory 
muscle strength with the added benefit of vibrations (oscillations) to clear 
secretions.

 Device 1: Acapella®

The Acapella® is a handheld airway clearance device that combines the resistance of 
a positive expiratory pressure device with a vibratory mode for airway clearance.

Two devices, distinguished by color, are available:

• Green or high-flow device: for patients who are able to maintain an expiratory 
flow of ≥15 L/min for 3 s. The green Acapella is suitable for most patients.

• Blue or low-flow device: for patients with low peak expiratory flow of <15 L/min 
for 3 s. The blue Acapella is commonly used in children and older patients.

Exercise protocol:

• The maximum expiratory pressure (MEP) is measured in each patient to deter-
mine the resistance level during training.

• Generally start with the resistance set at 30% of the MEP and inspiratory: expira-
tory ratio at 1:3–1:4.

• Perform the exercise 10–20 times per set and 1–4 sets per day (the exercise pro-
gram can be adjusted depending on the patient’s condition).

• Reevaluate weekly to adjust the level of resistance until reaching 60–80% of the 
MEP.

 Device 2: Threshold Positive Expiratory Pressure  
Device (Threshold PEP™)

The Threshold PEP™ is a flow-dependent, one-way valve threshold device that is 
used to maintain constant pressure regardless of the patient’s airflow. Therefore, a 
pressure indicator is unnecessary. This device can be used with a mouthpiece or 
mask for increased ease of use.

Instructions:

• The patient maintains a relaxed or comfortable sitting position.
• Hold the patient’s nose with a nose clip as necessary. Breathe through the mouth.
• The MEP is measured in each patient to determine the resistance level during 

training.
• Placing mouthpiece device between the lips and behind the teeth. Seal lips 

around mouthpiece.
• Take a full inhale and then exhale 3–4 times longer than inhale. Continue this 

pattern during training as recommended in an exercise protocol.
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Exercise protocol:

• The therapist sets the level of resistance at 30% of the MEP at the beginning of 
training and sets the inspiratory/expiratory ratio at 1:3–1:4.

• The resistance measurement will be reset weekly (adjusted depending on the 
patient’s condition).

• The exercise is performed for 10–20 min per set (5–10 times per set), and 2–4 
sets are performed per day for 4 weeks (Fig. 7.37).

Notable issues:

• Focus on slow and prolonged exhalation following the inspiratory phase.
• Neither device is gravity-dependent and can be used in any position nor in 

conjunction with postural drainage.

 Thermal-Tactile Stimulation

Purpose: Decrease the threshold of the pharyngeal swallow response and improve 
the triggering speed of the pharyngeal swallow.

Techniques:

 1. Place a cold, wet cotton swab in contact with the anterior faucial arches, and 
maintain this position while vertically rubbing it up and down.

 2. Complete five strokes along each arch followed by a saliva swallow.

Exercise protocol: Perform once to twice daily (Fig. 7.38).

Expiratory resistance /
frequency dial

One-way inspiratory value

Mouthpiece

Mouthpiece

Pressure adjustment scale
0–20 cmH2O

Operation knob

Fig. 7.37 Handheld airway clearance devices, (a) Acapella®, (b) Threshold PEP™
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Fig. 7.38 Placement of 
cold, wet cotton swab at 
the anterior faucial arches, 
where thermal-tactile 
stimulation is to occur

© FHUR 2017

Fig. 7.39 (Left) K-Spoon, (right) tip of K-Spoon used for K-point stimulation

 K-Spoon

The K-Spoon (Aoyoshi Co., Ltd., Niigata, Japan) was invented by Kojima for con-
comitant use with K-point stimulation; it can be employed for other purposes as 
well. This tool is lightweight, of adequate length, thin, and easy to hold during 
swallowing training. In addition, it is easy to control the bolus volume (2 ml) dur-
ing direct training. The K-Spoon is made of metal, and the tip on the side opposite 
that for holding food can be easily used for cold stimulation at the K-point 
(Fig. 7.39).

 Balloon Dilatation

Purpose: Gain temporary flexibility and expand the luminal diameter of the UES, 
particularly used in patients with cricopharyngeal dysfunction (e.g., supratentorial 
lesion, brain stem stroke) and disuse syndrome.
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Inclusion criteria:

 1. Patients with a large amount of pharyngeal residue after swallowing without 
evidence of UES opening on VF or VE study.

 2. No structural abnormality of the pharynx or larynx.
 3. No mass effect originating from outside, such as that induced by a tumor.
 4. No strong gag reflex during balloon insertion.
 5. Failure of other compensatory strategies.
 6. Patient is cooperative during the procedure.

Methods:

 1. Check the condition of the balloon catheter; a 12- to 14-Fr urethral catheter is 
typically used.

 2. Mark the catheter surface at 1 cm intervals, beginning approximately 20 cm from 
the catheter end. These marks correspond to the mouth angle when the dilated 
balloon is presented at the UES during VF.

 3. Insert barium solution through the catheter for visualization on VF.
 4. Typically, the catheter is transorally inserted (in patients with a high level of gag 

reflex sensitization; however, transnasal insertion is performed instead). Stop 
when the catheter tip passes through the UES. The position of the balloon cath-
eter in the esophagus is confirmed on the VF image.

 5. Inflate the balloon with 2–3 ml of air, and then pull the catheter backward until 
resistance against the pulling force is felt.

 6. Record the marker seen on the catheter at the front teeth or the mouth angle as 
the position of the lower margin of the UES. This marker is helpful to maintain 
the position of the catheter during dilatation.

 7. Perform balloon dilatation. Four balloon-expanding techniques are used in 
Japan:

 A. Intermittent dilatation method

After resistance is felt as mentioned in Step 5, slightly deflate the catheter and 
move it <1 cm proximally; thus, the balloon is positioned at the level of the 
UES.  Slowly inflate air into the balloon and increase the volume in 0.5–
1.0 ml increments based on the patient’s tolerance. Try to sustain the  dilatation 
for several seconds (up to 10 s) at the same position until the catheter passes 
through the UES.

 B. Pulling with simultaneous swallowing

After resistance is felt as mentioned in Step 5, pull the balloon through the UES 
while instructing the patient to swallow the balloon.

 C. Pulling without simultaneous swallowing

After resistance is felt as mentioned in Step 5, simply pull the balloon without 
instructing the patient to swallow it (in techniques B and C, the balloon size can 
be gradually increased as tolerated by the patient to a maximum of 10 ml).
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 D. Balloon swallowing method

Insert the balloon catheter into the lower pharynx and inflate it to 1.0–1.5 ml. 
Ask the patient to swallow with effort to pass the balloon through the 
UES. The catheter can be pushed slightly while the patient swallows.

Balloon dilatation is performed repeatedly three times on the impaired side to evalu-
ate the immediate effect. In patients with bilateral lesions, the execution of this 
therapeutic procedure is recommended to be first performed on less severely affected 
side. Techniques B and C are easily performed by the patient or the patient’s 
caregivers.

Exercise protocol: Perform 5–10 times per session on each side of the UES, 
1–3 sessions per day, and 5–7 days per week for 1–3 consecutive months.

Notes:

• At FHUR, the intermittent dilatation method is used under VF guidance by con-
firming the location of the balloon; however, the pulling method either with or 
without simultaneous swallowing is used during training because of the possibil-
ity of self-performance.

• In our experience, no dilatation-related complications such as pain, bleeding, 
tissue injury, or vagovagal reflex-related shock have occurred.

 Supraglottic and Super-Supraglottic Swallow

 Supraglottic Swallow

Kinesiology: Increase true vocal fold closure and arytenoid medial approximation 
before and during swallowing.

Effect: Enhance airway protection
Instructions:

 1. Breathe in deeply.
 2. Hold breath.
 3. Swallow while maintaining the breath hold.
 4. Cough immediately, and then swallow again before breathing (Fig. 7.40).

 Super-Supraglottic Swallow

Kinesiology: Mainly increase closure of all laryngeal structures before and during 
swallowing; also increase base of tongue retraction, pressure generation, and earlier 
and prolonged UES opening.

Effects: Greater airway protection and enhanced pharyngeal clearance
Instructions:

Y. Inamoto et al.
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 1. Take a deep breath and hold it very tightly while bearing down.
 2. Swallow hard while maintaining the tight breath hold.
 3. Cough immediately after this swallow; then immediately swallow hard again 

before breathing (Fig. 7.41).

Notes:

• In both the supraglottic and super-supraglottic swallowing maneuvers, 
VE and VF studies are used for visual performance feedback to determine 
whether the TVCs are properly closed and maintained while swallowing.

• For dysphagic patients with problematic TVC closure, simply holding the breath 
may more effectively achieve TVC closure than the combination of taking a deep 
breath and then holding the breath. This could be because a deep breath widens 
(abducts) the TVCs, and they are difficult to close afterward [21].

© FHUR 2017

Fig. 7.40 Effect of supraglottic swallow

© FHUR 2017

Fig. 7.41 Effect of 
super-supraglottic swallow

7 Swallowing Exercises



152

 Mendelsohn Maneuver

Kinesiology: Increase the extension and duration of hyolaryngeal elevation and sub-
sequently increase the extension and duration of UES opening.

Effects: Improve pharyngeal clearance capability and swallow coordination.
Instructions:

 1. Swallow normally. Pay attention to and feel elevation of the larynx (Adam’s 
apple) during swallowing by palpating its upward movement with the index fin-
ger and thumb.

 2. When the Adam’s apple reaches the highest point of elevation, attempt to hold it 
with the throat muscles for several seconds, and then complete the swallow 
(Fig. 7.42).

 Effortful Swallow [26, 27]

Kinesiology: Increase tongue base retraction and pressure during pharyngeal 
swallowing.

Effect: Improve capability of bolus clearance, particularly in the vallecula
Instructions:

 1. Swallow really hard, squeezing your throat muscles forcefully.
 2. Pretend like you have a big piece of steak or bagel in the mouth, and it’s tough to 

pass down—you need to put a lot of effort into it (Fig. 7.43).

© FHUR 2017

Fig. 7.42 Effect of 
Mendelsohn maneuver
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Chapter 8
Other Swallowing Treatments

Yoko Inamoto, Kannit Pongpipatpaiboon, Seiko Shibata,  
Yoichiro Aoyagai, Hitoshi Kagaya, and Koichiro Matsuo

Abstract In addition to several methods of swallowing exercise widely used to 
improve swallowing function, the alternative treatment by using assistive device 
and surgical intervention are viable options to achieve the treatment outcome, for 
safety and for improved quality of life. The common devices and surgical tech-
niques commonly used in our practice are described in this chapter.

8.1  Assistive System

8.1.1  Intermittent Oral Catheterization

Intermittent oral catheterization was developed in Japan as an alternative nutritional 
management technique in dysphagic patients [1, 2]. This technique protects against 
aspiration pneumonia and counters malnutrition both in patients with difficulty 
ingesting a sufficient amount of food and in those with no oral intake ability [2, 3]. 
The patient inserts a feeding tube into his or her mouth (or nose if the gag reflex is 
hypersensitive) until the tip reaches the mid-esophagus, and the tube is promptly 
removed when infusion of the meal has finished. Before using this method, esopha-
geal function should be investigated by VF study. In patients with esophageal peri-
staltic dysfunction, the tip of the tube should be placed in the stomach rather than 
the mid-esophagus (Fig. 8.1).
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The recommended feeding speed is usually 150–200 ml/h when placing the cath-
eter tip in the stomach to prevent vomiting [4]. If the catheter tip is placed along the 
esophageal route, the feeding speed can be higher due to physiological enteric 
mobility, which is triggered following esophageal peristalsis. The patient should be 
instructed to intentionally swallow saliva during tube feeding to promote esopha-
geal peristalsis and prevent gastroesophageal regurgitation.

Intermittent oral catheterization can be a method of swallowing treatment. 
Swallowing is more likely to be triggered with tube than saliva swallowing. Therefore, 
swallowing the tube at every feeding (three times/day) intermittently provides the 
increase of swallowing frequency. Additionally, it helps to prevent the decrease of 
sensation, which is caused by long-term tube placement. The social benefits of inter-
mittent oral catheterization include the aesthetic appearance without tube.

8.1.2  Dental Prostheses

In addition to oral hygiene care, dentists are responsible for prosthetic management 
of swallowing disorders, i.e., oral prosthodontics. A dental prosthesis is an intraoral 
prosthesis used to restore (reconstruct) intraoral defects and thus improve morpho-
logical swallowing function. It acts as an auxiliary device for treatment of oral func-
tional abnormalities primarily related to postoperative oral cancer, maxillofacial 
trauma, or neurologic/motor deficits with tongue paralysis. Various types of oral 
prostheses are designed to improve the oral stage of swallowing, such as the palatal 
augmentation prosthesis, palatal lift prosthesis, and lingual augmentation prosthesis 

Intermittent Oro-Esophageal
Catheterization

Intermittent Oro-Gastric
Catheterization

© FHUR 2017

Fig. 8.1 Intermittent oral self-catheterization. Two locations of the catheter tip are possible 
depending on the patient’s condition
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[5–8]. The advantages of these prostheses include improved chewing, accommoda-
tion for bolus formation and control in the mouth, a decreased tongue–palate dis-
tance, and increased propulsive pressure for bolus transit. Like other swallowing 
treatments, the efficacy of prostheses can be determined by VF study, ensuring the 
best functional outcome.

The palatal augmentation prosthesis is one of the most common oral prostheses 
used in dysphagic patients with tongue movement disorders caused by postopera-
tive tongue resection due to cancer, amyotrophic lateral sclerosis, stroke, and other 
conditions (Fig. 8.2). The morphological mechanism of the palatal augmentation 
prosthesis involves a decrease in the volume of the oral cavity by establishment of a 
lower palatal vault level; thus, less tongue bulk and motility are required to transport 
the bolus to the posterior oral cavity, and the tongue–palate contact pressure 
increases to propel the bolus into the oropharynx. The effectiveness of the palatal 
augmentation prosthesis for swallowing is provided by the improvement in the 
tongue pressure and tongue base pressure, which leads to [9–11]:

• A shortened oral transit time
• A shortened pharyngeal transit time
• Facilitation of contact between the base of the tongue and posterior pharyngeal 

wall
• Improved articulation

8.2  Surgical Treatment

Severe dysphagia with intractable aspiration is a life-threatening medical condition. 
Surgical intervention should be considered if extensive swallowing rehabilitation 
has failed. At FHUR, otolaryngologists collaborate with a transdisciplinary swal-
lowing team and play a major role in the specific reconstructive surgery performed 
for such patients: a particular combination of bilateral cricopharyngeal myotomy 
(or UES myotomy) and laryngeal suspension.

Various surgical procedures have been described to treat chronic aspiration and 
recurrent pneumonia in patients with severe dysphagia (e.g., total laryngectomy, 
laryngeal closure, and laryngeal diversion) [12, 13]. Most procedures involve the 

© FHUR 2017

Fig. 8.2 Palatal augmentation prosthesis: the most common oral prosthesis for enhancing swal-
lowing ability
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creation of a permanent tracheostoma and result in loss of normal phonation. UES 
myotomy and laryngeal suspension were alternatively developed for preservation of 
normal phonation and respiration without a permanent tracheostomy, as described 
in the next section. The goal of this surgery is to prevent life-threatening aspiration 
[13–16] with preservation of a functional larynx and facilitation of oral nutrition; 
this procedure is not used to normalize the swallowing function (Appendix “UES 
Myotomy Combined with Laryngeal Suspension”).

Temporary tracheostomy is routinely performed in the postoperative period to 
protect the airway in case of airway compromise and the need for intubation. A nar-
rower laryngeal entrance caused by laryngeal suspension and/or edema could result 
in dyspnea. Tracheostomy is also important to ensure the safety of performing swal-
lowing exercises. It is imperative to ensure that the patients and their families under-
stand that several months of postoperative dysphagia rehabilitation is necessary to 
augment oropharyngeal muscle strengthening and perform exercises for the new 
swallowing pattern.

The specific postoperative training exercise for the new swallow pattern is a 
combination of head extension and neck flexion for opening the UES (chin jut).

Patients must learn to perform this posture performance on the right time when 
the bolus reaches the pharynx. While giving visual feedback to patients, VE is often 
utilized to ensure that patients achieve an accurate sense of the degrees and timing 
of head extension and neck flexion. Simultaneously extending the head and flexing 
the neck moves the mandible and larynx anterosuperiorly, which consequently 
opens the esophageal inlet (Fig. 8.3).

Hyoid bone

Thyroid cartilage

© FHUR 2017

Fig. 8.3 The new swallowing pattern involves head extension and neck flexion to augment open-
ing of the UES entrance. Lateral fluoroscopic views show that the bolus has easily passed through 
the widening of the esophageal inlet while performing head extension and neck flexion after UES 
myotomy combined with laryngeal suspension
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Dysphagia rehabilitation is required for several months postoperatively. If bolus 
propulsion with respect to tongue function is preserved/improved and aspiration is 
successfully prevented, oral intake up to the level of a regular diet can be expected. In 
contrary, when aspiration and pharyngeal residue cannot be eliminated despite the 
performance of postoperative rehabilitation, oral intake will be restricted to a paste-
type food or nothing by mouth. Additionally, the clinician should take into account the 
risk of postoperative regurgitation and/or vomiting as side effects of UES myotomy.

Surgical treatment should be considered in patients with severe dysphagia who 
have not improved after proper rehabilitation treatment.

 Appendix

 UES Myotomy Combined with Laryngeal Suspension

Physiologically, three main factors are involved in opening the esophageal inlet and 
allowing a bolus through the UES: relaxation of the UES, pharyngeal peristaltic 
contraction, and hyolaryngeal elevation. UES myotomy alone is adequate for 
patients with good pharyngeal contraction. Otherwise, the addition of laryngeal sus-
pension is helpful to compensate for functional swallowing deficiency by achieving 
the same laryngeal position as occurs during the normal swallowing action.

 Indications

 1. Failure of a thorough, conservative rehabilitation program, usually lasting 
>6 months

 2. Long-standing history of severe chronic aspiration and recurrent pneumonia 
(>6 months after onset)

 3. Evidence of severe aspiration due to impaired laryngeal elevation, inadequacy of 
pharyngeal constrictor activity, and/or incoordination and insufficient opening of 
the esophageal inlet (UES)

 Contraindications

 1. Overt gastroesophageal regurgitation secondary to a permanently opened esoph-
ageal inlet, which eradicates the protective mechanism of the UES against regur-
gitation and augments the risk of aspiration of gastric contents

 2. Cognitive impairment including dementia, mental problems, and inability to fol-
low commands

 3. Moderate to severe trunk ataxia
 4. Poor general condition

8 Other Swallowing Treatments
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 Surgical Procedure

 1. UES myotomy
 2. Laryngeal suspension surgery. The effect of laryngeal suspension is increased 

elevation of the larynx. This procedure can be performed using several tech-
niques [15]:

 – Type 1: Thyrohyoid fixation approach. This procedure is the simplest tech-
nique with which to facilitate upward movement of the larynx by about one 
vertebral height.

 – Type 2: Hyoid–mandible fixation approach. This method is indicated in dys-
phagic patients with pooling of residue in the vallecula and inadequate epi-
glottic inversion, which influences laryngeal closure.

 – Type 3: Thyrohyoid–mandible complex fixation approach. The thyrohyoid 
complex is suspended from the mandible, and the infrahyoid muscles are 
resected. The mandible, hyoid bone, thyroid cartilage, and/or cricoid cartilage 
are connected by a wire or thread. This procedure is appropriate in patients 
with UES opening deficits secondary to impaired hyolaryngeal anterior 
excursion.

 – Type 4: Thyroid–mandible fixation approach. This procedure is always per-
formed concurrently with myotomy and is beneficial for patients with severe 
dysphagia and concurrent suprahyoid muscle weakness. After the operation, 
the patient must be trained to swallow using a specific swallowing pattern 
(head extension and neck flexion) to augment the opening of the UES entrance 
(chin jut) during direct swallowing training (Figs. 8.3 and 8.4).

If oral intake is possible without aspiration by 1–2 months postoperatively, the 
tracheotomy tube can be removed. Additionally, the functions of mastication and 

© FHUR 2017

wide-opening
esophageal inlet

Fig. 8.4 VE and VF images of a widely opening esophageal inlet (UES) following laryngeal sus-
pension and myotomy
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tongue movement (which importantly contribute to bolus formation and propulsion) 
and the presence of pharyngeal residue (which increases the risk of aspiration) 
should be assessed to determine the patient’s eating ability and most appropriate 
bolus type.

Caution: Respiratory difficulty may occur due to excessive suspension of the 
laryngeal complex.
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Chapter 9
Case Studies

Yoko Inamoto, Kannit Pongpipatpaiboon, Seiko Shibata,  
Yoichiro Aoyagai, Hitoshi Kagaya, and Koichiro Matsuo

Abstract This chapter presents three case studies for a more comprehensive under-
standing of assessment and treatment of dysphagia and discusses common 
etiologies.

Key learning points in each case study are shown as follows:
Case study 1 and 2

• An appropriate clinical approach in patients with dysphagia is important.
• Physiological abnormalities should be clarified by instrumental evaluation, par-

ticularly VF.
• Effective swallowing exercise-based rehabilitation therapies include both 

element- based exercises and target-oriented exercises.

Case study 3

• The use of various types of instrumental assessments is clinically helpful to 
obtain more information for kinematic and kinetic analyses. This enhances the 
understanding of swallowing physiology and helps to establish active therapeutic 
strategies for the patient.
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9.1  Case Study 1

A 59-year-old man had a history of severe right thalamic hemorrhage and respira-
tory failure 11 months previously. He underwent tracheostomy and did not require 
a ventilator. He was treated with an antiepileptic drug (sodium valproate, 900 mg/
day) continuously after the onset of hemorrhage and respiratory failure, and he had 
no history of convulsion. He was referred to the Department of Rehabilitation 
Medicine at Fujita Health University Hospital because of severe dysphagia with 
multiple recurrent bouts of pneumonia. A nasogastric (NG) tube was placed for 
nutritional support (Figs. 9.1 and 9.2).

The patient was drowsy and disoriented on admission. Hypersecretion was evi-
dent based on the observation of fluid passing through the tracheotomy tube. A 
weak voluntary cough and drooling were observed. He could tolerate the use of a 
speech valve for only a short time because of dyspnea. Conjugate eye deviation 
toward the right side was present. Left hemiplegia and hypoesthesia with loss of 
proprioception were also observed. Cognitive dysfunction was detected, including 
left-side neglect, inattention, and memory disturbance. No aphasia or ataxia was 
noted.

The patient was totally dependent with respect to ADL. His motor Functional 
Independence Measure (FIM) score, cognitive FIM score, and total FIM score were 
16/91, 16/35, and 32/126, respectively.

a b

© FHUR 2017© FHUR 2017

Fig. 9.1 (a) Axial CT scan of the brain at the time of hemorrhage onset. The large area of increased 
density (white) represents acute bleeding in the right thalamic area, and the low density surround-
ing the blood indicates adjacent cerebral edema. (b) Axial fluid-attenuated inversion recovery mag-
netic resonance image at the time of admission to the rehabilitation ward shows hypointensity 
involving the right thalamic area

Y. Inamoto et al.
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Initial swallowing assessment revealed the following abnormalities associated 
with the cranial nerves: positive left curtain sign, left tongue deviation, reduced 
tongue movement in all directions, and weakened oromotor function. Swallowing 
screening by the repetitive saliva swallowing test (RSST) revealed a score of 2 at 
admission. Further instrumental examination was recommended to diagnose the 
dysphagia, clarify the physiological abnormalities, and establish the treatment plan.

9.1.1  Instrumental Swallowing Assessment

VE was performed 1 day after admission. No aspiration occurred during swallow-
ing, and no post-swallow residue using honey-thickened liquid and jelly was 
observed. However, post-swallow oral residue mixed with saliva was delayed mov-
ing downward to the hypopharynx, leading to aspiration. The dysphagia severity 
scale (DSS) score was 2.

During the next 2 days, the patient was investigated by VF. The VF findings are 
shown in Table 9.1 and Fig. 9.3).

The first VF study (Table 9.1) showed that the change in the reclining angle had 
a beneficial effect on bolus control in the oral cavity. The 60° reclining posture con-
tributed to the improvement in oral function by minimizing the duration of bolus 
manipulation when compared with the 45° reclining posture. All bolus consisten-
cies and textures, including the honey-thickened liquid, nectar-thickened liquid, 
thin liquid, jelly, and rice porridge, showed the same trend: no penetration, aspira-
tion, or pharyngeal residue in either the pyriform sinus or vallecula. Mild dysfunc-
tion of esophageal transition was noted.

The main problems found in the first VF study were the presence of oral residue 
after swallowing and poor bolus manipulation. Upon returning to the ward, a large 

© FHUR 2017

Fig. 9.2 Chest CT at the time of admission 
to the rehabilitation ward shows bilateral 
opacities in both lower lungs (more severe 
on right side), suggesting chronic 
inflammation secondary to saliva aspiration. 
The patient had not yet begun oral intake 
before admission. This sign is crucial to the 
presence of severe dysphagia

9 Case Studies
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a b

© FHUR 2017© FHUR 2017

Fig. 9.3 VF using 4 ml of a liquid with honey consistency. (a) Impaired bolus formation and 
inability to propel the bolus from the oral cavity to the pharynx in one swallow. (b) Oral barium 
stasis after swallowing

Table 9.1 VF findings at the initial evaluation

Posture
Bolus type

Amount of 
bolus FindingsView Degree Head

Lat 45 N Honey 4 ml – Oral residue
–  Impaired bolus formation and 

propulsion
– No penetration/aspiration
– No pharyngeal residue

Nectar 4 ml
Thin LQ 4 ml

Lat 45 N Rice 
porridge

½ spoon – Oral residue
–  Prolonged oral stage with slow 

bolus manipulation and slow 
mastication

– No penetration/aspiration
– No pharyngeal residue

During the change of the position to reclining 60°, bolus residue from oral cavity falls late into 
vallecula and pyriform sinuses before starting the next bolus trial

Lat 60 N Honey 4 ml – Oral residue
–  Impaired bolus formation and 

propulsion
– No penetration/aspiration
– No pharyngeal residue

Nectar 4 ml
Thin LQ 4 ml

Lat 60 N Rice 
porridge

½ spoon – Oral residue
–  Shortening the duration of oral 

stage but still be slow bolus 
manipulation and slow mastication

– No penetration/aspiration
– No pharyngeal residue

AP 60 N Honey 4 ml – Mild delayed esophageal transition

Degree refers to the angle of the reclining posture
AP anteroposterior, Lat lateral, LQ liquid, N neutral position

Y. Inamoto et al.
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amount of sputum mixed with a barium bolus was suctioned from the tracheostomy 
tube. This indicated the presence of food aspiration, most likely from oral food 
stasis after the VF study. Although there was no clear evidence of penetration or 
aspiration during the VF study, the 10 ml thin liquid, cup drinking, and eating a 
two-phase food were not tested to ensure safety. Thus, the DSS score was 2 (food 
aspiration).

Based on the outcomes of VF and VE, the main physical finding was oral residue, 
and the physiological abnormality was poor bolus control (both bolus formation and 
propulsion) secondary to orolingual weakness and dysfunction. This resulted in 
delayed post-swallow aspiration, as mentioned earlier (Table 9.2).

9.1.2  Course of Treatment and Recovery

Initial treatment involved nutritional support, mainly via an NG tube. A SLHT 
started target-oriented swallowing exercises once a day (lunch time) with nectar- 
thickened liquid, jelly-type rice porridge, and chopped softened food with thickened 
liquid at a 60° reclining position. Oromotor exercises including lip exercises, tongue 
movement exercises (forward-protrusion, left-right side, tongue tip elevation), and 
tongue strengthening exercises using the Pecopanda tool (JMS, Hiroshima, Japan) 
were performed as element-based exercises. Additionally, chewing exercises were 
recommended simultaneously with intensive pulmonary rehabilitation by a physical 
therapist. Table 9.3 summarizes the treatments performed based on the physiologi-
cal abnormalities found.

Table 9.2 Physiologic abnormalities and other findings at initial evaluation

Stages Findings Physiological abnormality

Oral Oral residue –  Oromotor weakness including tongue and 
poor coordination

Pharyngeal –  No penetration/aspiration 
seen during VF test

– No pharyngeal residue

– Within normal limit

NOTE: Cognitive dysfunction may affect the results of VF

Table 9.3 Treatments based on initial evaluation

Findings Physiological abnormality Functional approacha

Postural and diet 
modification

Oral 
residue

–  Oromotor weakness and poor 
coordination

– Tongue muscle weakness

–  Orolingual exercise
•  Tongue movement 

exercise
•  Tongue strengthening 

exercise
• Lip exercise
–  Chewing exercise

Postural techniques
– Reclining 60°
Diet modification
– Modified food
– Thickened liquid

aFrequency of rehabilitation: 40 min/time, 1 time/day, 6 times/week

9 Case Studies
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A speech-type valve with a deflated tracheostomy tube cuff was periodically used 
to control saliva aspiration and perform phonation training. Two days after starting 
target-oriented training with modified food, the patient developed a low-grade fever 
without other symptoms, and eating training was temporarily discontinued. Meanwhile, 
the element-based exercises were continued. The patient’s medical condition was gen-
erally stable. No increased amount of secretion or leukocytosis was found. The 
C-reactive protein concentration was slightly rising, however, and a chest radiograph 
showed mild consolidation in the right lower lobe. The most likely diagnosis was aspi-
ration of saliva, not food. Therefore, the eating training performed by the SLHT was 
carefully resumed, and the tracheostomy tube cuff was inflated during training. The 
ward nurse also collaborated with the SLHT to closely observe the patient after meals.

After a 9-day course of swallowing rehabilitation, the antiepileptic drug was 
stopped; this improved the patient’s level of arousal. The patient was able to incre-
mentally increase his cooperate with the swallowing training. His fever gradually 
resolved along with his improved clinical status, and his blood test results were 
within normal limits during the following 10  days. In addition, amantadine was 
started to further promote his swallowing ability (initial dosage, 50 mg/day with a 
subsequent increase to 100 mg/day in the next week).

The patient’s swallowing ability progressively improved, and the NG tube was 
removed when he was able to ingest three adequately sized meals a day 1 month post-
training. Additionally, his secretion status was greatly improved, and the tracheos-
tomy was eventually removed. The RSST score, MWST score, and tongue pressure 
were 4, 5, and 22.2 ± 2.1 kPa, respectively.

Follow-up VF was performed on day 37 after the first VF study to observe the 
changes in the patient’s abnormal physiology and his response to the rehabilitation 
treatment (Table 9.4).

Various types of boluses were used during the repeated VF studies to clarify the 
patient’s swallowing ability and clinical improvement. The results showed improve-
ment in his oral function (either bolus formation or propulsion) and decreased oral 
residue after swallowing. His chewing ability seemed improved compared with the 
first VF study. However, when chewing food such as corned beef and two-phase 
food and when drinking a large amount of liquid, orolingual weakness with coordi-
nation dysfunction was still observed. Continuation of all exercises was thus recom-
mended with a gradual increase in intensity.

The DSS score was 4 (occasional aspiration). Diet modification was slowly per-
formed in a stepwise manner until ordinary porridge and soft food could be ingested 
while continuing the nectar-thickened liquid because the risk of thin liquid aspira-
tion still remained. The RSST, MWST, and tongue pressure measurement were 
repeated, and the results indicated improvements in the swallow ability (4, 5, and 
24.8 ± 1.7 kPa, respectively). After 2 months of continuous swallowing training, VF 
study was repeated.

The results of the third VF study (Table 9.5) demonstrated improved swallowing 
ability, particularly in bolus manipulation, chewing ability, and orolingual control. 
The oral residue was still present, although it was decreased. Liquid cup drinking 
resulted in no deep penetration as detected at the second VF study. The DSS score 
had changed to 6 (minimum problem).

Y. Inamoto et al.
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Table 9.4 Findings of the second VF study (37 days after the first VF study)

Posture
Bolus type

Amount of 
bolus FindingsView Degree Head

Lat 90 N Honey 4 ml –  Reduced oral residue and able to 
clear by the second swallow

–  Improved bolus formation and 
propulsion

– No penetration/aspiration
– No pharyngeal residue

Thin LQ 4 ml

Thin LQ 10 ml – Premature spillage
– Shallow penetration (PAS 2)

CB 8 g – Slightly oral residue
–  Prolonged mastication, faired bolus 

formation
CB + thin 
LQ

4 g + 3 ml – Oral residue
– Shallow penetration (PAS 2)

Cup LQ 30 g – Oral residue
–  Deep penetration contacting with 

VFs (PAS 5)
Straw LQ 30 g

AP 90 N Honey 4 ml –  Delayed esophageal transition with 
slightly esophageal residue

90° refers to the usual sitting-upright position
AP anteroposterior, CB corned beef hash, Lat lateral, LQ liquid, N neutral position, PAS penetration- 
aspiration scale VFs vocal folds

Table 9.5 Findings of third VF study (59 days after the first VF study)

Posture
Bolus type

Amount of 
bolus FindingsView Degree Head

Lat 90 N Honey 4 ml – Slightly oral residue
– No penetration/aspiration
– No pharyngeal residue

Thin LQ 4 ml

Thin LQ 10 ml – No premature spillage
– Slightly oral residue
– Shallow penetration (PAS 2)

CB 8 g –  Shortened the duration of 
mastication compared with the 
second VF

– Slightly oral residue
–  Improved bolus formation and 

propulsion
CB + thin 
LQ

4 g + 5 ml – Oral residue
– Shallow penetration (PAS 2)

Cup LQ 30 g – Oral residue
– Shallow penetration (PAS 3)

AP 90 N Honey 4 ml –  Delayed esophageal transition 
with slightly esophageal residue

90° refers to the usual sitting-upright position
CB corned beef hash, Lat lateral, LQ liquid, N neutral position, PAS penetration-aspiration scale
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The patient’s diet was altered in a stepwise manner to soft food, soft rice, and 
liquid without the use of a thickener. Finally, the patient was able to swallow regular 
food independently. Therefore, his physiological abnormalities had definitely 
improved by either spontaneous recovery or the improvement in his consciousness 
in addition to the effectiveness of swallowing rehabilitation. The progression of the 
DSS score, eating status scale (ESS) score, and treatment is summarized in 
Table 9.6.

Eleven months after the onset of hemorrhage, the patient developed recurrent 
aspiration pneumonia every time he initiated direct exercise; therefore, oral intake 

Table 9.6 Progression of treatment and advancements in treatment results

Timea Test DSS ESS Exercises
Recommended diet 
modification

Recommended 
posture

Before 
admission

1 1 No oral feeding

0 VF 2 2 Orolingual 
exercise
–  Tongue 

movement 
exerciseb

–  Tongue 
strengthening 
exercise using 
Pecopanda

–  Lip exercise
Chewing exercise

–  Paste with small 
particle

–  Jelly rice porridge
– Nectar-thickened
– liquid

Reclining 60°

37 VF 4 5 (Day 37)
–  Paste with small 

particle
– Rice porridge
–  Nectar-thickened 

liquid

Sitting upright

(Day 44)
   – Soft food
   – Rice porridge
   –  Nectar-thickened 

liquid
59 VF 6 5 (Day 59)

– Soft food
– Soft rice
–  Nectar-thickened 

liquid

Sitting upright

(Day 64)
   – Soft food
   – Soft rice
   – Thin liquid
(Day 78)
   – Regular food
   – Soft rice
   – Thin liquid

NOTE: All exercises were gradually increase intensity based on patient condition
aDuration (days) after the onset of intensive swallow rehabilitation therapy before admission
bTongue movement exercises consisted of three sets of ten repetitions of each of the following: 
tongue forward-protrusion-backward, left-right side, and tongue tip exercise

Y. Inamoto et al.
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could not be started. However, he achieved the goal of a regular diet 59 days after 
admission to FHUH. The success of this case illustrates the importance of detailed 
evaluations of all swallowing components and performance of a systematic inter-
vention. The patient’s abnormalities can be summarized as follows:

 1. Reduced level of alertness (arousal level), manifesting as low activity due to the 
use of an anticonvulsant drug

 2. Aspiration

 (a) Saliva aspiration due to tracheostomy
 (b) Oromotor dysfunction, especially diminished tongue movement

A transdisciplinary approach is important in swallowing treatment. Symptoms of 
aspiration pneumonia should be considered as an indication to proceed with treat-
ment. Clinicians must engage in discussions with SLHTs and nurses regarding the 
patient’s symptoms (e.g., fever, amount of expectoration) and whether these are 
early signs of severe pneumonia or if the patient can continue their exercises, as well 
as how to adjust the exercise prescription. SLHTs and nurses should regularly eval-
uate the effects of the swallowing exercises, particularly at the time of step-up. 
Finally, SLHTs and nurses must always observe the patient for symptoms of aspira-
tion pneumonia and report any remarkable findings to the doctors.

9.2  Case Study 2

A 49-year-old man was diagnosed with acute right lateral medullary infarction at a 
local hospital and referred to FHUR 1 day later (Fig. 9.4). He complained of swal-
lowing difficulty and the inability to close his right eye. No history of any illness 
was reported.

© FHUR 2017

Fig. 9.4 Diffusion- weighted magnetic 
resonance image showing marked 
hyperintensity associated with a right-sided 
dorsolateral medullary infarct
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Clinical examination upon admission showed full consciousness with orientation 
to time, place, and person. Ipsilateral Horner’s syndrome and a right curtain sign 
were observed. Pain and temperature sensations were decreased on the right side of 
the face and left side of the body. Significant ataxia was present in the right upper 
extremity, and Romberg’s sign was observed. Functional assessment using the FIM 
showed a motor FIM score of 63/91, cognitive FIM score of 35/35, and total FIM 
score of 98/126.

Initial swallow assessment revealed that the patient had difficulty swallowing 
saliva and clearing the throat by expectoration. The tongue range of motion was 
within normal limits. Swallowing screening revealed an RSST score of 5 and 
MWST score of 3 (coughing intensely). The patient was maintained at a nothing- 
per- os status, and a NG tube was inserted for nutritional support.

9.2.1  Instrumental Swallowing Assessment

The initial VE and VF studies were performed 12 days after the onset of symptoms. 
The VE results showed that a large amount of secretion was present on the pharyn-
geal wall and in the hypopharynx and could not be cleared by swallowing. No vocal 
cord paralysis was observed (Fig.  9.5). The DSS and ESS scores were 2 and 1, 
respectively. Behavioral-based exercises using direct training with special jelly in a 
safe position (reclining to 60° with right head rotation) was begun thereafter.

The VF study revealed a significant problem in the pharyngeal stage as shown in 
Table 9.7 and Fig. 9.6.

© FHUR 2017

a b

Fig. 9.5 (a) A large amount of secretion was present in the hypopharynx and could not be cleared 
by swallowing. (b) Normal apposition of the vocal cords

Y. Inamoto et al.
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The VF study was started with the patient sitting upright. Although no aspira-
tion occurred during swallowing, post-swallow aspiration occurred due to a large 
amount of residue in the pyriform sinus. The examiner changed the reclining 
angle from 90° to 45° to determine the effect of posture on reducing residue and 

© FHUR 2017

a b1 b2

Fig. 9.6 Effect of right head rotation posture during testing with 4  ml of honey liquid. (a) 
Pharyngeal residue is present in the right pyriform sinus after swallowing. (b) No residue is present 
in the pyriform sinus after swallowing when executing the test with right head rotation; b-1 during 
swallowing, b-2 after swallowing

Table 9.7 Findings of first VF study (12 days after onset of symptoms)

Posture Bolus 
type

Amount 
of bolus FindingsView Degree Head

Lat 90 N Honey 4 ml – Much residue in pyriform sinus
–  Aspiration after swallowing with 

spontaneous cough (PAS 7)
Lat 45 N Honey 4 ml – No aspiration

–  Residue in pyriform sinus (able to reduce 
by repetitive swallows)

AP 45 N Honey 4 ml – Bolus passed through Lt UES
–  Residue in Rt pyriform sinus (able to 

reduce by repetitive swallows)
AP 45 Rt HR Honey 4 ml – Bolus flowed well through Lt UES

– No residue
AP 45 Lt HR Honey 4 ml – Insufficient bolus flow through Rt UES

–  Residue in Rt pyriform sinus (unable to 
enter the esophagus)

Lat 60 Rt HR Honey 4 ml – Bolus flowed well through the UES
– Decreased residue in pyriform sinus
– No aspiration

90° refers to the usual sitting-upright position
AP anteroposterior, HR head rotation, Lat lateral, Lt left, N neutral position, Rt right, UES upper 
esophageal sphincter
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preventing aspiration. The result clearly showed that aspiration was not observed 
in the 45° reclining posture. Although the residue was decreased by repetitive 
swallows, it could not be cleared perfectly. Thus, the side on which the residue 
occurred (laterality) was checked using space manipulation (e.g., head rotation, 
head/neck flexion) in the anteroposterior view. The results showed that the bolus 
only passed through the left side of the UES because of paralysis of the right pha-
ryngeal side. Head rotation (space manipulation using the postural technique) was 
performed to evaluate the applicability, and the residue accumulation was obvi-
ously improved more with right than left head rotation. The 60° reclining posture 
plus right head rotation allowed for safe swallowing without aspiration.

These results indicated that no oral problem was present. The main problem 
occurred during the pharyngeal stage: a large amount of residue was present, par-
ticularly in the right pyriform sinus, causing post-swallow aspiration (penetration- 
aspiration scale score of 7). The reclining (60°) and right head rotation strategies 
effectively cleared the residue and eliminated the aspiration. The physiological 
abnormalities observed from the VF findings are shown in Table 9.8.

Swallow CT was also performed to obtain more details regarding the patient’s 
abnormal pathophysiology, especially pharyngeal constriction and UES opening, 
which were not easy to evaluate using VF (Fig. 9.7).

The CT outcome, concurrent with the VF outcome, clearly demonstrated that the 
main physiological abnormalities were pharyngeal constriction weakness, hyolaryn-
geal excursion, and insufficient UES opening.

9.2.2  Course of Treatment and Recovery

Appropriate treatment was planned based on this understanding of the pathophysi-
ology that was causing the dysphagia (Table 9.9).

As seen in Table  9.7, the posture strategies (reclining posture and right head 
rotation) and diet modification were effective and could be used to facilitate 
target- oriented exercises. At the same time, element-based exercises were started, 
including the Shaker exercise, to improve hyolaryngeal elevation and hence maxi-
mize UES opening. The Mendelsohn maneuver was then performed to increase the 
extension and duration of hyolaryngeal elevation, influencing the augmented UES 
opening when the patient’s condition had improved.

Table 9.8 Findings and physiological abnormalities at first evaluation

Stages Findings Physiological abnormality

Pharyngeal – Pyriform sinus residue
–  Aspiration after the first 

swallow

–  Mild decrease of anterior hyolaryngeal movement
–  Moderate decrease of pharyngeal constriction
– Inadequate UES opening

NOTE: Orolingual function and laryngeal closure were within normal limits
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Because the large amount of pharyngeal residue in the pyriform sinus secondary 
to UES dysfunction created a high risk of aspiration, balloon dilatation was consid-
ered a good treatment option for the patient. The balloon dilatation procedure was 
thus attempted during the VF study. Although the amount of residue in hypopharynx 
was reduced, the post-swallow aspiration persisted.

Lateral view Anterior view
© FHUR 2017

Fig. 9.7 3D-CT images of swallowing 8 ml of nectar- thickened liquid, taken at the time of highest 
hyoid anterosuperior movement. As the bolus material (yellow) passed through the UES inlet dur-
ing swallowing, air (blue) was detected in the pharyngeal space due to pharyngeal contraction 
weakness

Table 9.9 Summary of treatment based on initial evaluation

Findings Physiological abnormality
Functional 
approach Postural and diet modification

Pyriform 
sinus 
residue

–  Decreased anterior 
hyolaryngeal movement

–  Decreased pharyngeal 
constriction

– Inadequate UES opening

–  Shaker 
exercise

–  Mendelsohn 
maneuver

–  Balloon 
exercise

Postural techniques
– Reclining 60°
–  Rt head rotation
Diet modification
– Modified food
– Thickened liquid
Strategies
–  2–3 times of swallow per one 

bite of food
– Clearing throat

Frequency of rehabilitation approach: 40 min/time, 1 time/day, 6 times/week
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This result illustrated the efficacy of the balloon exercise, which was recom-
mended to perform before swallowing exercise to facilitate UES opening during 
swallow. The patient had no strong gag reflex during insertion of the balloon cath-
eter. Repetitive swallowing and throat clearing were used as strategies during train-
ing to reduce the pharyngeal residue.

Chopped softened food with thickened soup, rice gruel, and nectar-thickened 
liquid were recommended for behavior-based training after VF study. The training 
was started with one meal a day, and the amount of oral feeding was then slowly 
increased. VE was repeated to check the patient’s clinical improvement, allowing 
for advancement of the food modification toward mechanical soft food and soft 
rice. A thickener was still used to prevent aspiration. The NG tube was able to be 
removed after VE. The DSS score was 3 (water aspiration), indicating no change, 
but the ESS score had improved from 3 (oral > tube) to 4 (modified oral feeding) 
(Fig. 9.8).

The VF study was repeated 17 days after the first VF study (29 days after onset 
of symptoms). After the patient’s general condition had improved, the VF study was 

DSS

Exercise

Posture

Food
Modification

Alternative
feeding

Rehabilitation
started

(day)292315129

NG

supervised by SLHT and nurse

Mechanical
soft diet
1% Nectar

Chopped food with thickened
Liquid
1% Nectar

Reclining 60° and right head rotation

Slice
Swallow 2-3 times/slice Mendelsohn

Direct
exercise

Shaker
exercise

Oral motor
exercise

Special jelly

10 sec
10 times

15 sec
15 times

20 sec
20 times

2

VE VE VE VEVF

3

5
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Fig. 9.8 Algorithm of investigation and treatment plan before and after the first VF study with 
follow-up VE study
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performed with the patient sitting upright and with a neutral head position 
(Table 9.10).

The repeated VF study revealed definitive improvement in swallowing various 
types of foods and liquids:

 1. Decreased residue was present in the pyriform sinus.
 2. Aspiration of food of every consistency was eliminated.

Thus, the patient’s physiological abnormalities improved, including the anterior 
hyolaryngeal movement and UES opening.

CT was repeated and revealed increased pharyngeal constriction compared with 
the previous examination (Fig. 9.9). Additionally, the CT measurement of residue in 
the pyriform sinus had decreased from 57.5% to 0.6%.

Finally, the DSS and ESS scores at the first and repeated evaluations had 
increased from 2 (food aspiration) to 4 (occasional aspiration) and from 2 
(oral < tube) to 5 (oral feeding), respectively (Table 9.11).

Proper treatment based on all components of a patient’s physiological abnormal-
ity helps to obtain a positive training outcome. The pathophysiological abnormali-
ties detected by VE and VF must be considered on an individual-patient basis to 
determine the most appropriate treatment for dysphagia. In the present case, appro-
priate evaluation, training, postural strategies, and diet modification effectively 
 prevented the development of aspiration pneumonia and improved the patient’s eat-
ing/swallowing function.

Table 9.10 VF findings at the follow-up examination (29 days after onset of symptoms)

Posture
Bolus type

Amount of 
bolus FindingsView Degree Head

Lat 90 N Honey 4 ml – No aspiration
–  Slightly pharyngeal residue 

(able to clear by repetitive 
swallows)

Lat 90 N Thin LQ 4 ml – No aspiration
– No residue

Lat 90 N Thin LQ 10 ml – No aspiration
–  Slightly pharyngeal residue 

(able to clear by repetitive 
swallows)

Lat 90 N Cup LQ 30 g
Lat 90 N CB 8 g
Lat 90 N CB + thin LQ 4 g + 5 ml
AP 90 N Honey 4 ml –  Good bolus flowed through 

Lt UES

90° refers to the usual sitting-upright position
AP anteroposterior, CB corned beef hash, Lat lateral, LQ liquid, N neutral position
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9.3  Case Study 3

A 75-year-old man presented with left-sided sore throat, neck pain, and a rash of 
blisters around the left ear and cheek with simultaneous development of acute swal-
lowing difficulty. He was diagnosed with multiple cranial neuropathies caused by 
varicella-zoster virus infection. VE study revealed multiple white patches on the left 
side of the soft palate, epiglottis, and arytenoid. The left vocal cord was paralyzed. 
Although he underwent active treatment after admission, including antiviral and 
steroid medications, he developed left facial palsy and persistent dysphagia. He 

Repeated CT
study

Lateral view Anterior view
© FHUR 2017

1st CT study

Fig. 9.9 Repeat 3D-CT images of swallowing 8 ml of nectar- thickened liquid, taken at the time of 
highest hyoid anterosuperior movement. The amount of air (blue) in the pharyngeal space while 
the bolus material (yellow) passed through the UES inlet during swallowing was obviously 
decreased
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developed repeated bouts of aspiration pneumonia and underwent percutaneous 
endoscopic gastrostomy 19 days after the disease onset. He was unable to resume 
oral intake until referral to the FHUR (135 days after disease onset).

The patient had a history of underlying diabetes mellitus, atherosclerosis obliter-
ans of the lower extremities, atrial fibrillation, and bilateral chronic otitis media. He 
also had a history of smoking (40 pack-years) and drinking (500 ml of beer every 
day).

Upon admission, the patient showed a good level of consciousness and no signs 
of disorientation. There was no acute rash on his face. He had an irregular heartbeat 
and crackling sound in the left lower lung field. A percutaneous endoscopic gastros-
tomy tube was placed. The patient also had decreased sensation in the region of the 
face innervated by the trigeminal nerves (V–III) without any signs of facial palsy or 
dysarthria. Bilateral hearing impairment was noted.

The patient was partly dependent with respect to ADL. His motor FIM score, 
cognitive FIM score, and total FIM score were 73/91, 26/35, and 99/126, 
respectively.

Further investigation by magnetic resonance imaging of the brain showed slight 
brain atrophy with no remarkable abnormalities.

Table 9.11 Summary of treatment progression and advancement of treatment results

Timea Test DSS ESS
Exercises and 
maneuvers

Recommended 
diet modification

Recommended 
posture

Before 
admission

2 1

5 VE 2 2 –  Oromotor 
exercise

–  Shaker 
exercisea

Special jelly Reclining 60° 
with Rt HR

12 VF 3 3 –  Shaker 
exercisea

–  Balloon 
exercise

–  Chopped food 
mixed with 
thickened LQ

– Rice porridge
–  Honey- 

thickened LQ

Reclining 60° 
with Rt HR

23 VE 3 4 –  Shaker 
exercisea

– Mendelsohn
–  Balloon 

exercise

–  Mechanical soft 
food (mixed 
with thickener)

– Soft rice
–  Honey- 

thickened LQ

Reclining 60° 
with Rt HR

29 VF 4 5 –  Shaker 
exercisea

– Mendelsohn

– Regular diet
– Soft rice
– Thin LQ

Sitting upright 
(with Rt HR 
only when 
having residue 
feeling)

aThe intensity of exercise was gradually increased as follows: 10 s of isometric exercise with ten 
repetitions of isotonic exercise ➔ 15 s/15 times ➔ 20 s/20 times ➔ 30 s/20 times
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Initial swallow assessment showed left-sided soft palate paralysis with mild 
hoarseness. Neither obvious tongue paralysis nor atrophy was observed. Swallowing 
screening revealed RSST, DSS, and ESS scores of 8 (times in 30 s), 2 (food aspira-
tion), and 1 (tube feeding only), respectively. The tongue pressure at the first mea-
surement was 24.40 ± 2.25 kPa.

9.3.1  Instrumental Swallowing Assessment

VE and VF studies were performed after admission (144  days after onset). VE 
revealed left soft palate paralysis, weakened pharyngeal constriction, and left vocal 
cord paralysis. Pooling of saliva was present in the pharyngeal recesses and unable 
to be cleared by swallowing. Saliva aspiration occasionally occurred (Fig. 9.10).

The results of the initial VF study are presented in Table 9.12. The gravity effect 
was not remarkably different between reclining at 45° and 60°. In contrast to the 
strategy of space manipulation for the bolus path, right head rotation helped to 
reduce the amount of residue in the pyriform sinus and reduce the risk of aspiration 
compared with left head rotation.

However, the residue could not be cleared by only simple postural modification. 
Many types of boluses were tested at 60° of reclining with right head rotation, indi-
cating that:

 – Jelly-type food was helpful to minimize the amount of pharyngeal residue
 – Chewed diets (rice porridge and hard jelly) increased the risk of residual aspira-

tion secondary to a low level of swallowing function in the oral and pharyngeal 
stages

© FHUR 2017

Fig. 9.10 Pooling of saliva in the hypopharynx was unable to be cleared by swallowing, increas-
ing the risk of aspiration into the airway

Y. Inamoto et al.
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In addition, the modified postural approach, which combines trunk rotation with 
head rotation, was executed to combine the effects of gravity changes and space 
manipulation to reduce residue and facilitate safe swallowing. Reclining at 60° 
combined with left trunk rotation and right head rotation effectively eliminated 
aspiration and minimized the residue in the pyriform sinus. The DSS score was 3 
(water aspiration) (Table 9.12).

Table 9.12 VF findings at the first examination

Posture Bolus 
type

Amount 
of bolus FindingsView Degree Head

Lat 45 N Honey 2 ml –  Bolus placed in dipper position, need 
multiple times moving bolus to the 
dorsum of tongue

–  Residue in pyriform sinus (able to reduce 
by repetitive swallows)

– No penetration/aspiration
Lat 60 N Honey 2 ml –  Prolonged oral stage, impaired bolus 

manipulation with oral residue under 
tongue

– Slight penetration of bolus (PAS 2)
AP 60 N Honey 2 ml –  Bolus passed bilaterally with much 

residue in pyriform sinus more on Lt side
Rt HR Honey 2 ml –  More residue in pyriform sinus while 

performing Lt HR with sign of 
penetration

Lt HR Honey 2 ml

Lat 60 Rt HR Honey 3 ml – Oral residue under tongue
–  Residue in pyriform sinus (able to reduce 

by repetitive swallows)
– No penetration/aspiration

Soft 
jelly

Thin 
slide

–  Lessen pharyngeal residue, no 
penetration/aspiration

Rice 
porridge

1/4 
spoon

–  Slow mastication, impaired bolus 
manipulation with oral residue

– Much residue in pyriform sinus, PAS 2
–  Sign of pharyngoesophageal regurgitation

Hard 
jelly

Thin 
slide

–  Impaired bolus manipulation, silent 
aspiration after swallowing from residue 
in pyriform sinus (PAS 8)

Nectar 3 ml – Shallow penetration (PAS 3)
Lat 75 Rt HR Honey 2 ml –  Aspiration from residue during repetitive 

swallows (PAS 6)
Lat 60 Rt 

TR + Lt 
HR

Honey 2 ml – Silent aspiration (PAS 8)

Lt 
TR + Rt 
HR

Honey 2 ml – Easily flow bolus through UES
–  No aspiration, reduced residue in 

pyriform sinus

AP anteroposterior, HR head rotation, Lat lateral, Lt left, N neutral position, PAS penetration- 
aspiration scale, Rt right, TR trunk rotation, UES upper esophageal sphincter
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The conclusion after the first VF study was that swallowing dysfunction was 
present in both the oral and pharyngeal stages. Postural adjustment and diet modifi-
cation effectively prevented aspiration and reduced the pharyngeal residue. The 
patient’s physiological abnormalities based on these findings are shown in 
Table 9.13.

HRM synchronized with VF was performed for a kinetic evaluation. This exami-
nation revealed low bilateral pharyngeal contractile pressure and UES residual pres-
sure, particularly on the left side of the UES (Fig. 9.11).

The HRM results were further supported by electromyography, which revealed 
patently low muscle electrical activity in the left cricopharyngeal muscle and dener-
vation potential in the left masseter muscle at rest (Fig. 9.12).

Additionally, swallowing CT was performed for quantitative swallowing assess-
ment and showed reduced anterosuperior hyolaryngeal movement (Fig. 9.13).

9.3.2  Course of Treatment and Recovery

A treatment plan was established based on the initial pathophysiological findings.
The main abnormalities in this patient occurred during the oral and pharyngeal 

stages, as shown in Table 9.14. The patient’s impaired orolingual control (including 
oromotor weakness and incoordination) and glossopalatal closure disorder contrib-
uted to the difficulty of bolus holding, formation, and propulsion. Based on the 
presence of these physiological abnormalities, element-based exercises consisting 
of oromotor exercises, including tongue exercises as well as target-oriented  chewing 
exercises using Process Lead (Otsuka Pharmaceutical Factory, Inc.), were 
initiated.

The patient also had multiple pharyngeal dysfunctions resulting in decreases in 
the anterosuperior hyolaryngeal trajectory and pharyngeal constriction, impaired 
laryngeal closure, and insufficient UES opening. Based on these results, the patient 
was prescribed a functional approach involving element-based exercises including 
the tongue-holding exercise, Shaker exercise, and target-oriented exercises 

Table 9.13 Physiological abnormalities and findings of first evaluation

Stages Findings Physiological abnormality

Oral – Oral residue
–  Impaired bolus holding and 

manipulation, including bolus 
formation and propulsion

–  Impaired orolingual control: oromotor 
weakness, including tongue weakness 
particularly, and poor coordination

– Impaired glossopalatal closure
Pharyngeal – Pyriform sinus residue

–  Aspiration during swallowing as 
well as aspiration from bolus 
residue

–  Decrease of anterior hyolaryngeal 
movement

– Impaired laryngeal closure
–  Decrease of pharyngeal constriction 

especially on left side
– UES dysfunction

Y. Inamoto et al.
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Fig. 9.11 Spatiotemporal pressure tomography plots during saliva swallowing in the neutral head 
position. Bilaterally generalized low pharyngeal contractile pressure, tongue base pressure, and 
UES residual pressure, especially on the left side of the sphincter, were present. (Left) HRM sensor 
on the left side. (Right) HRM sensor on the right side
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Fig. 9.12 Electromyography signal obtained with a needle electrode from the bilateral cricopha-
ryngeal muscles and left masseter muscle. Left masseter muscle activity was measured at rest. 
Right and left cricopharyngeal muscle activities were measured separately. Note that the interfer-
ence pattern and amplitude of the left cricopharyngeal muscle were low
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comprising the supraglottic swallow and Mendelsohn maneuver. The intensity of 
the exercises was gradually increased, and each type of exercise was started at a 
different time point based on the patient’s condition (Fig. 9.14).

Evaluation of the VF findings allowed for the establishment of a safe functional 
approach to postural and diet modification. Target-oriented exercise was started 
once a day at lunchtime by a SLHT using paste food, jelly-type rice porridge, and 
2 ml swallows of nectar-thickened liquid. Using the swallowing chair, the patient 
was placed in the 60° reclining position with left trunk rotation and right head rota-
tion to prevent aspiration and reduce pharyngeal residue. Although the lesion was 
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Fig. 9.13 First CT 
examination (148 days 
after onset). The graph 
shows a reduction in the 
superoanterior 
hyolaryngeal trajectory 
(the “0” point is located at 
the anterosuperior corner 
of the C4 vertebra)

Table 9.14 Summary of treatment based on the initial evaluation

Findings
Physiological 
abnormality Functional approach

Postural and diet 
modification

   – Oral residue
   –  Impaired bolus 

holding and 
manipulation

–  Impaired orolingual 
control

–  Impaired 
glossopalatal closure

– Tongue weakness

– Oromotor exercise
–  Tongue strengthening 

and tongue retraction 
exercise

– Chewing exercise

Postural techniques
– Reclining 60°
–  Lt trunk rotation 

and Rt head 
rotation

Diet modification
– Modified food
–  Thickened liquid
Strategies
–  Repetitive 

swallows per one 
bite of food

– Clearing throat

Pyriform sinus 
residue with 
aspiration

–  Decreased anterior 
hyolaryngeal 
movement

–  Decreased 
pharyngeal 
constriction

–  Inadequate UES 
opening

– Shaker exercise
–  Tongue-holding 

exercise
– Supraglottic swallow
–  Mendelsohn 

maneuver

Frequency of rehabilitation approach: 60 min/time, 1 time/day, 6 times/week
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present on the left side, the risk of aspiration was lower with left trunk rotation and 
right head rotation, as clearly shown on the VF images. The reason for this might 
have been the patient’s poor laryngeal closure, although his right pharyngeal con-
striction was  functionally satisfactory. In contrast to the more weakened pharyn-
geal constriction on the left side, the left UES residual pressure was very low due 
to left vagal nerve palsy, allowing the bolus to easily pass through the UES without 
aspiration.

The patient’s swallowing ability progressively improved. His intake amount was 
gradually increased during the target-oriented exercises. He showed no signs of 
aspiration throughout the swallowing rehabilitation period. Follow-up VE, VF, and 
HRM were executed 193  days after onset to illustrate the improvement in the 
patient’s pathophysiology and reevaluate the treatment plan.

The repeat VE study revealed enhancement of palatal elevation and minimal 
pooling of saliva in the hypopharynx. The repeat VF study revealed no differences 
between intake of the honey and nectar boluses or between intake of 3 and 4 ml of 
nectar. Left head rotation more effectively reduced the pharyngeal residue than did 
right head rotation when testing with honey in the anteroposterior view; however, 
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1931561441371
Onset Admin to our hospital and

start SHLT training

1 time/day

Paste, jelly-type rice porridge, 2-ml nectar thick

60° Left trunk totation and right head rotation

45° reclining position

Chewing meterial

Jelly/Nectar thick 2ml

Tongue retraction exercise; 30 times/day
Tongue holding swallow; 30 times/day

RSST 8/30 sec

DSS

Treatment

Posture

Meal type

VE VE

VF

Mendelsohn; 20-30 times/day
Effortful swallow; 20-3- times/day

Supraglottic swallow; 10-20 times/day

VF

HRM HRM

MWST 3
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Fig. 9.14 Algorithm of treatment plan, including both element-based exercises and behavioral- 
based exercises performed concurrently with posture and diet modification, after the initial instru-
mental evaluations
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no difference was found when testing with rice porridge. A larger bolus volume 
increased the aspiration risk, particularly with cup drinking and even with the use of 
the combined postural modification because of the difficulty controlling the posture 
and volume (Table 9.15).

Table 9.15 Findings of VF at follow-up examination on day 193

Posture
Bolus type

Amount of 
bolus FindingsView Degree Head

Lat 90 N Honey 3 ml – Oral residue
–  Residue in pyriform sinus (able 

to reduce by repetitive swallows)
– Penetration (PAS 3)

N Nectar 3 ml
N Nectar 4 ml

AP 90 N Honey 3 ml –  Bolus passed both sides, residue 
in bilateral pyriform sinuses

Lt HR Honey 3 ml – Pharyngeal residue on Lt side
Rt HR Honey 3 ml –  More pharyngeal residue in 

bilateral pyriform sinuses, 
compared to Lt HR

Lt HR Rice porridge 1/3 K-spoon –  Residue in pyriform sinus, 
mainly on Lt side

–  Not different between Rt and Lt 
HR

Rt HR Rice porridge 1/3 K-spoon

Lat 90 Lt HR Rice porridge 1/3 K-spoon – Residue in pyriform sinus, PAS 2
–  Not different between Rt and Lt 

HR
Rt HR Rice porridge 1/3 K-spoon

Lat 90 N Nectar 6 ml – Oral residue
–  Silent aspiration (PAS 8); 

aspiration from residue in 
pyriform sinus after the first 
swallow

Lt HR Nectar 6 ml – Deep penetration (PAS 5)
Lt HR 
and HF

Cup nectar 30 g – Oral residue
–  Silent aspiration (PAS 8), 

increased residue along 
pharyngeal wall and in pyriform 
sinus

Lt HR Straw nectar 30 g – Deep penetration (PAS 5)
–  Residue in oral cavity and 

pyriform sinus
Lt HR CB 4 g – Oral residue

–  Prolonged mastication, impaired 
bolus formation

–  Residue in vallecula and pyriform 
sinus, can’t be cleared by 
repetitive swallows

– No penetration/aspiration
CB + nectar 4 g + 5 ml – PAS 5

90° refers to the usual sitting-upright position
AP anteroposterior, CB corned beef hash, HF head flexion, HR head rotation, Lat lateral,  
LQ liquid, N neutral position, PAS Penetration-Aspiration Scale
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Fig. 9.15 Spatiotemporal pressure tomography plot during saliva swallowing in the neutral head 
position was repeated after the first evaluation at 7 weeks. The tongue base pressure was improved 
bilaterally, as was the velopharyngeal pressure (especially on the lesion side). (Left) HRM sensor 
on the left side. (Right) HRM sensor on the right side

This follow-up VF study demonstrated improved swallowing ability despite the 
fact that the DSS score (3, water aspiration) had not changed. The patient was able 
to change his eating posture to the upright position with only left head rotation and 
neck flexion. The reason for the change from right to left head rotation might have 
been the strengthening of the right-side (sound-side) structures. Additionally, there 
was less evidence of penetration and aspiration compared with the prior test, 
although an increased drinking volume was still associated with a high risk of aspi-
ration. Repeat measurement of the tongue strength revealed an increase from 
24.4 kPa to 30.5 kPa.

Follow-up HRM revealed increased tongue base pressure on both sides and 
increased upper pharyngeal pressure mainly on the left side, as shown in Fig. 9.15.

A follow-up swallow CT study was performed to clarify the improvement in the 
hyolaryngeal movement (Fig. 9.16).

In addition to the postural change, the patient’s diet was altered to rice porridge, 
chopped softened food with thickened liquid, and continued use of a thickener. The 
volume was limited to 4 ml for safety. The swallowing exercises were continued. 
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The frequency of meal was increased in a stepwise manner from one to three meals 
a day under SLHT supervision.

Eventually, the patient’s diet was able to be changed to soft rice, soft food with 
continued use of the thickener, and a limited drinking volume. A summary of the 
treatment progression and ESS score is shown in Table 9.16.
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Fig. 9.16 Repeat 
swallowing CT (183 days 
after onset) compared with 
the first computed 
tomography swallowing 
CT illustrates improvement 
in the superoanterior 
trajectory of the hyoid and 
larynx (the “0” point is 
located at the 
anterosuperior corner of 
the C4 vertebra)

Table 9.16 Treatment progression and advancement of treatment outcome

Time after 
onset Test DSS ESS

Exercises and 
maneuvers

Recommended 
diet 
modification

Recommended 
posture

Before 
admission

2 1

144 VF 3 1 –  Oromotor 
exercise

–  Tongue 
strengthening 
and tongue 
retraction 
exercise

–  Chewing 
exercise

–  Tongue-holding 
exercise

–  Shaker exercise
–  Supraglottic 

swallow
–  Mendelsohn 

maneuver

–  Paste food, 
jelly-type rice 
porridge, and 
honey-
thickened 
liquid

–  Reclining 
60°

–  Lt trunk 
rotation and 
Rt head 
rotation

193 VF 3 3 –  Rice porridge, 
paste-type 
food mixed 
with small 
particle, and 
nectar-
thickened 
liquid

Upright with 
Lt head 
rotation
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The percutaneous endoscopic gastrostomy tube was removed before discharge. 
The patient clearly manifested improvement in his swallowing physiologies sec-
ondary to the performance of effective swallowing exercises and spontaneous 
recovery of the cranial nerves. The target-oriented exercises provided a safe 
approach, facilitating the improvement in his swallowing physiology.

This patient had a severely complex case of dysphagia that was difficult to treat. 
In such cases, multiple investigations should be performed for quantitative analysis 
of both kinematic (e.g., VF, swallow CT) and kinetic (e.g., HRM,  electromyography) 
parameters. An understanding of the pathophysiology of dysphagia based on vari-
ous types of treatment-oriented evaluations will help clinicians to provide the most 
appropriate treatment.
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	 Tongue Pressure Measurement Device [4, 40]
	 Isometric Progressive Resistance Oropharyngeal Therapy

	 Oromotor Control Exercise [6]
	 Shaker Exercise [2]
	 Jaw-Opening Exercise [5]
	 Tongue Base Retraction Exercise
	 Tongue-Holding Swallow Exercise (Masako Maneuver)
	 Expiratory Muscle-Strengthening Exercise
	 Device 1: Acapella®
	 Device 2: Threshold Positive Expiratory Pressure Device (Threshold PEP™)

	 Thermal-Tactile Stimulation
	 K-Spoon
	 Balloon Dilatation
	 Supraglottic and Super-Supraglottic Swallow
	 Supraglottic Swallow
	 Super-Supraglottic Swallow

	 Mendelsohn Maneuver
	 Effortful Swallow [26, 27]
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