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Abstract
Dysphagia is defined as an impairment of this complex and integrated sensorimotor system. It is estimated that 400,000 to
800,000 individuals worldwide develop neurogenic dysphagia per year. Neurogenic dysphagia is typically occurring in patients
with neurological disease of different etiologies. A correct and early diagnosis and an appropriate management of dysphagia
could be useful for improving patient’s quality of life and may help to prevent or delay death. In the present review, we discuss
thoroughly the anatomy and physiology of swallowing and also the pathophysiological mechanisms involved in impaired
swallowing, as well as the diagnosis, management, and potential treatments of neurogenic dysphagia. Assessment of neurogenic
dysphagia includes medical history, physical exam, and instrumental examinations (fiberoptic endoscopic evaluation of
swallowing, videofluoroscopic swallowing study, electromyography). Pharmacological treatment of these problems includes
oral anticholinergic drugs. Surgical myotomy of the cricopharyngeal muscle showed an important improvement of oropharyn-
geal dysphagia associated to upper esophageal sphincter hyperactivity. Chemical myotomy of the upper esophageal sphincter by
local injections of botulinum toxin type A into the cricopharyngeal muscle has been proposed as an alternative less invasive and
less unsafe than surgical myotomy.
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Introduction

Swallowing is defined as the semiautomatic motor action
of the muscles of respiratory, oropharyngeal, and

gastrointestinal tract that propels the food from oral cavity
to the stomach and protects airway from food, liquids, and
other substances. During a swallow, different levels of the
central nervous system from the cerebral cortex to the me-
dulla oblongata are involved. About 50 pairs of striated
cranial muscles are excited and/or inhibited sequentially
allowing the bolus transit from the mouth to the stomach.
Dysphagia is defined as an impairment of this complex and
integrated sensorimotor system. Neurogenic dysphagia
(ND) is typically occurring in patients with neurological
disease of different etiologies (see Table 1), and it is asso-
ciated to high mortality, morbidity, and social costs [1–16].
Neurological problems that cause dysphagia can be cate-
gorized in many different ways: anatomic location of the
lesion (e.g., central nervous system, peripheral nervous
system or muscle), pathogenetic mechanism of disease
(e.g., ischemic injury or degenerative process), etiology,
or clinic presentation (e.g., dementia or movement disor-
ders). A correct and early diagnosis and an appropriate
management of dysphagia could be useful for improving
patient’s quality of life and may help to prevent or delay
death. In the present review, we discuss thoroughly the
anatomy and physiology of swallowing and also the
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à De 400.000 a 800.000 indivíduos em todo o mundo desenvolvem disfagia neurogênica por ano
à 65% AVC agudo
à 50%  D. Parkinson
à 31,3% EM
à De 13 a 57% demências
à De 30 a 100% doença do neurônio motor
à PNM aspirativa á a causa mais comum de morte em pacientes disfágicos neurogênicos
à Associada a alta mortalidade, morbidade e custos sociais
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TODOS os pacientes com AVC devem ser submetidos a 
AVALIAÇÃO FONOAUDIOLÓGICA antes da liberação de 
qualquer dieta VO!

Ratificado pelas últimas atualizações dos GUIDELINES de abordagem 
do AVC agudo da ESO, AAN e SBDCV.
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Anamnese

Avaliação fonoaudiológica:

Estrutural/Indireta
Funcional/Direta – protocolo de 
menor risco P/L/B/LV
Palpação digital da laringe
Ausculta cervical 
Oximetria de pulso >90%
Frequência respiratória 12-20 irpm

Avaliação instrumental:
FEES 
VDF
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Esteto eletrônico na borda lateral da traqueia, inferior a cartilagem cricóide
Alta validade e moderada/boa confiabilidade de fonoaudiólogos treinados em AC para 
determinar a segurança da deglutição quando comparados com FEES. 
Uso da AC: complemento ao exame clínico da deglutição, incluindo sons respiratórios pré-pós. 
Requer treinamento específico.
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Abstract
This study investigated the reliability and validity (sensitivity and specificity) of cervical auscultation (CA) using both swal-
low and pre-post swallow-respiratory sounds, as compared with Flexible Endoscopic Evaluation of Swallowing (FEES). 
With 103 swallow-respiratory sequences from 23 heterogenic patients, these swallows sounds were rated by eight CA-trained 
Speech-Language Pathologists (SLPs) to investigate: (1) if the swallow was safe (primary outcome); (2) patient dysphagia 
status; (3) the influence of liquid viscosity on CA accuracy (secondary outcomes). Primary outcome data showed high CA 
sensitivity (85.4%), and specificity (80.3%) with all consistencies for the safe measurement, with CA predictive values of 
> 90% to accurately detect unsafe swallows. Intra-rater reliability was good (Kappa = 0.65), inter rater reliability moderate 
(Kappa = 0.58). Secondary outcome measures showed high sensitivity (80.1%) to identify if a patient was dysphagic, low 
specificity (22.9%), and moderate correlation (rs = 0.62) with FEES. A difference across bolus viscosities identified that CA 
sensitivities (90.1%) and specificities ( > 84.7%) for thin liquids were greater than for thick liquids (71.0–77.4% sensitivities, 
74.0–81.3% specificities). Results demonstrate high validity and moderate-good reliability of CA-trained SLPs to determine 
swallow safety when compared with FEES. Data support the use of CA as an adjunct to the clinical swallow examination. 
CA should include pre-post respiratory sounds and requires specific training. Clinical implications: The authors advocate 
for holistic dysphagia management including instrumental assessment and ongoing CSE/review + CA. Adding CA to the 
CSE/review does not replace instrumental assessment, nor should CA be used as a stand-alone tool.

Keywords Validity · Reliability · Swallow · Respiratory · Deglutition

Introduction

Dysphagia, if not optimally managed, negatively affects 
patient outcomes, hospital lengths-of-stay, medical and total 
health care costs [1–5]. For the individual, the burden of 
dysphagia is well documented, impacting a person’s nutri-
tion and hydration status [6], quality of life and psychosocial 
status [7]. The importance of dysphagia identification and 
management cannot be underestimated. Research data have 
identified that early screening, assessment and management 
of dysphagia improve patient outcomes, lower the risk of 
pneumonia, and health-care costs [3].

Assessment of swallow function commonly occurs 
via (1) a Clinical Swallow Examination (CSE) and/or (2) 
instrumental assessments such as Fiberoptic Endoscopic 
Evaluation of Swallowing (FEES) and/or Videofluoroscopic 
Swallow Study (VFSS), the latter two considered to be the 
gold standard in dysphagia assessment [4, 5, 8]. In recent 
years, holistic management using evidence-based medicine 
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Ab s tra c t.  The  us e  o f ce rvica l a us culta tion in the  e va lua - 
tion o f the  pha rynge a l s wa llow ma y be come  a  pa rt o f the  
clinica l e va lua tion o f dys pha gic  pa tie nts . Though  its  us e  
is  ba s e d on s ubje ctive  e va lua tion, a n a cous tic a na lys is  o f 
s wa llowing s ounds  might e s ta blis h more  obje ctive  crite - 
ria  in the  de te ction o f s wa llowing dis orde rs . The  pre s e nt 
s tudy s ought to  inve s tiga te  thre e  a s pe cts  o f the  me thodol- 
ogy for de te cting s wa llowing s ounds : (1) the  type  o f 
a cous tic de te c tor unit s uite d to a n a cous tic a na lys is  o f the  
pha rynge a l s wa llow, (2) the  type  o f a dhe s ive  s uite d for 
the  a tta chme nt o f the  de te ctor, a nd (3) the  optima l s ite  fo r 
s ound de te ction o f the  pha rynge a l s wa llow. An a cce le r- 
ome te r with double -s ide d pa pe r ta pe  wa s  s e le cte d a s  the  
a ppropria te  de te ctor unit be ca us e  o f its  wide  ra nge  o f 
fre que ncy re s pons e  a nd s ma ll a tte nua tion le ve l. Us ing 
this  de te ctor unit, s wa llowing s ounds  a nd nois e  a s s oci- 
a te d with s imula te d la rynge a l e le va tion a nd the  ca rotid  
puls e  we re  a cquire d a t 24 s ite s  on  the  ne ck in 14 norma l 
s ubje cts ; the s e  s igna ls  we re  a cous tica lly a na lyze d. The  
de te rmina tion o f the  optima l s ite  fo r de te cting s wa llow- 
ing s ounds  wa s  ba s e d on the  s igna l-to-nois e  ra tio. The  
s ite  ove r the  la te ra l borde r o f the  tra che a  imme dia te ly 
infe rior to the  cricoid  ca rtila ge  is  the  optima l s ite  for 
de te ction o f s wa llowing s ounds  be ca us e  this  s ite  s howe d 
the  gre a te s t s igna l-to-nois e  ra tio with the  s ma lle s t va ri- 
a nce . The  s ite  ove r the  ce nte r o f the  cricoid  ca rtila ge  a nd 
the  midpoint be twe e n the  s ite  ove r the  ce nte r o f the  
cricoid ca rtila ge  a nd the  s ite  imme dia te ly s upe rior to the  
jugula r notch  we re  a ls o cons ide re d to be  the  mos t a ppro- 
pria te  s ite s . 

Ke y words : De glutition - -  De glutition dis orde rs  - -  
S wa llowing s ounds  - -  Acous tic  a na lys is . 
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The  us e  o f ce rvica l a us culta tion in the  e va lua tion o f the  
pha rynge a l s wa llow ma y be come  a  pa rt o f the  clinica l 
e va lua tion o f dys pha gic  pa tie nts  [1]. Ce rvica l a us culta - 
tion ma y de te ct pa thologica l s wa llowing s ounds  which 
a re  cha ra cte ris tic  a nd re producible  [2]. For ins ta nce , ce r- 
vica l a us culta tion ma y dis tinguis h be twe e n a n a bnorma l 
a nd a  norma l s wa llow, o r ma y de te ct a s pira tion a s  a  
bubbling s ound during a nd/or imme dia te ly a fte r the  s wa l- 
low. Though  the s e  crite ria  a re  ba s e d on  s ubje ctive  e va lu- 
a tion, a cous tic a na lys is  o f s wa llowing s ounds  might e s - 
ta blis h more  obje ctive  crite ria  in the  de te ction o f 
s wa llowing dis orde rs . 

To  da te , ra diogra phic e xa mina tions  us ing fluo- 
ros copy a re  prove n mos t us e ful in the  obje ctive  e va lua - 
tion o f s us pe cte d s wa llowing dis orde rs  [3,4], a lthough 
re pe a te d s tudie s  a re  a ccompa nie d by proble ms  a s s ocia te d 
with ra dia tion e xpos ure , a nd pa tie nt coope ra tion  is  
ne e de d. Othe r me thods  utilize d for e xa mining s wa llow- 
ing functions  include  ultra s onogra phy [5], s cintigra phy 
[6], ma nome try [7], a nd na s oe ndos copy [8,9]. All o f 
the s e  re quire  e ithe r cos tly e quipme nt, inva s ive  proce - 
dure s , a nd/or s ophis tica tion in inte rpre ta tion. Only na - 
s oe ndos copy is  porta ble  fo r us e  a t the  be ds ide  [8,9]. 
Cons ide ring the s e  c ircums ta nce s , a n a cous tic a na lys is  o f 
s wa llowing s ounds  might be  us e ful a s  a  noninva s ive  clin- 
ica l proce dure  to docume nt a nd diffe re ntia te  dys pha gic 
s ymptoma tology from norma l. 

In pre vious  s tudie s  conce rne d with s wa llowing 
s ounds  [10-23], s e ve ra l type s  o f a cous tic de te ctors  we re  
us e d, including a  minia ture  he a ring-a id microphone  [ 10], 
conta ct microphone  [11-13], minia ture  dyna mic  e a r- 
phone  [14], throa t microphone  [15,16], p ie zo-e le ctric  
type  pick-up (including a cce le rome te r) [ 17-21 ], dyna mic  
microphone  [21], a nd e le ctre t conde ns e r microphone  
[22,23]. The s e  de vice s  we re  he ld in pla ce  us ing a  va rie ty 
o f a pproa che s : e la s tic ba nd [10], Ve lcro  cu ff (or mole  
s kin) [ 11,13], ha nd-he ld p la ce me nt [ 12,14,15], double - 
s ide d ta pe  [18,20], a nd a  double -s ide d e le ctrode  wa s he r 
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ome te r with double -s ide d pa pe r ta pe  wa s  s e le cte d a s  the  
a ppropria te  de te ctor unit be ca us e  o f its  wide  ra nge  o f 
fre que ncy re s pons e  a nd s ma ll a tte nua tion le ve l. Us ing 
this  de te ctor unit, s wa llowing s ounds  a nd nois e  a s s oci- 
a te d with s imula te d la rynge a l e le va tion a nd the  ca rotid  
puls e  we re  a cquire d a t 24 s ite s  on  the  ne ck in 14 norma l 
s ubje cts ; the s e  s igna ls  we re  a cous tica lly a na lyze d. The  
de te rmina tion o f the  optima l s ite  fo r de te cting s wa llow- 
ing s ounds  wa s  ba s e d on the  s igna l-to-nois e  ra tio. The  
s ite  ove r the  la te ra l borde r o f the  tra che a  imme dia te ly 
infe rior to the  cricoid  ca rtila ge  is  the  optima l s ite  for 
de te ction o f s wa llowing s ounds  be ca us e  this  s ite  s howe d 
the  gre a te s t s igna l-to-nois e  ra tio with the  s ma lle s t va ri- 
a nce . The  s ite  ove r the  ce nte r o f the  cricoid  ca rtila ge  a nd 
the  midpoint be twe e n the  s ite  ove r the  ce nte r o f the  
cricoid ca rtila ge  a nd the  s ite  imme dia te ly s upe rior to the  
jugula r notch  we re  a ls o cons ide re d to be  the  mos t a ppro- 
pria te  s ite s . 

Ke y words : De glutition - -  De glutition dis orde rs  - -  
S wa llowing s ounds  - -  Acous tic  a na lys is . 

Addre s s  o ffprint re que s ts  to: Micha e l E. Grohe r, P h .D. ,  De pa rtme n t o f 
Audio logy/S pe e ch  P a tho logy (126), J a me s  A. Ha le y V.A. Hos pita l,  
13000 Bruce  B. Do wn s  Boule va rd , Ta m p a ,  FL 33612, US A 

The  us e  o f ce rvica l a us culta tion in the  e va lua tion o f the  
pha rynge a l s wa llow ma y be come  a  pa rt o f the  clinica l 
e va lua tion o f dys pha gic  pa tie nts  [1]. Ce rvica l a us culta - 
tion ma y de te ct pa thologica l s wa llowing s ounds  which 
a re  cha ra cte ris tic  a nd re producible  [2]. For ins ta nce , ce r- 
vica l a us culta tion ma y dis tinguis h be twe e n a n a bnorma l 
a nd a  norma l s wa llow, o r ma y de te ct a s pira tion a s  a  
bubbling s ound during a nd/or imme dia te ly a fte r the  s wa l- 
low. Though  the s e  crite ria  a re  ba s e d on  s ubje ctive  e va lu- 
a tion, a cous tic a na lys is  o f s wa llowing s ounds  might e s - 
ta blis h more  obje ctive  crite ria  in the  de te ction o f 
s wa llowing dis orde rs . 

To  da te , ra diogra phic e xa mina tions  us ing fluo- 
ros copy a re  prove n mos t us e ful in the  obje ctive  e va lua - 
tion o f s us pe cte d s wa llowing dis orde rs  [3,4], a lthough 
re pe a te d s tudie s  a re  a ccompa nie d by proble ms  a s s ocia te d 
with ra dia tion e xpos ure , a nd pa tie nt coope ra tion  is  
ne e de d. Othe r me thods  utilize d for e xa mining s wa llow- 
ing functions  include  ultra s onogra phy [5], s cintigra phy 
[6], ma nome try [7], a nd na s oe ndos copy [8,9]. All o f 
the s e  re quire  e ithe r cos tly e quipme nt, inva s ive  proce - 
dure s , a nd/or s ophis tica tion in inte rpre ta tion. Only na - 
s oe ndos copy is  porta ble  fo r us e  a t the  be ds ide  [8,9]. 
Cons ide ring the s e  c ircums ta nce s , a n a cous tic a na lys is  o f 
s wa llowing s ounds  might be  us e ful a s  a  noninva s ive  clin- 
ica l proce dure  to docume nt a nd diffe re ntia te  dys pha gic 
s ymptoma tology from norma l. 

In pre vious  s tudie s  conce rne d with s wa llowing 
s ounds  [10-23], s e ve ra l type s  o f a cous tic de te ctors  we re  
us e d, including a  minia ture  he a ring-a id microphone  [ 10], 
conta ct microphone  [11-13], minia ture  dyna mic  e a r- 
phone  [14], throa t microphone  [15,16], p ie zo-e le ctric  
type  pick-up (including a cce le rome te r) [ 17-21 ], dyna mic  
microphone  [21], a nd e le ctre t conde ns e r microphone  
[22,23]. The s e  de vice s  we re  he ld in pla ce  us ing a  va rie ty 
o f a pproa che s : e la s tic ba nd [10], Ve lcro  cu ff (or mole  
s kin) [ 11,13], ha nd-he ld p la ce me nt [ 12,14,15], double - 
s ide d ta pe  [18,20], a nd a  double -s ide d e le ctrode  wa s he r 
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investigated the signal-to-noise ratio of the devices [20]. Their
results were the exact opposite of Takahashi et al.’s original
work and concluded that a microphone produced a superior sig-
nal [20]. Only very recently were the final two studies published
that attempted to address this contradiction. Rather than trying
to judge the superior device, Dudik et al. and Reynolds et al.
investigated a multitude of signal features and simply described
how the devices differed when simultaneously recording swal-
lowing events [21], [22]. The selection of which transducer was
superior was left unanswered, as it seems to depend entirely on
what signal-processing and analysis techniques are used by the
researcher as well as what signals are being analyzed.

V. TRANSDUCER LOCATION

There has also been some debate as to the best location to
place the microphone or accelerometer when recording swal-
lowing information. Only a few studies have focused their
recordings on transducer placements superior to the thyroid car-
tilage. Experiments done by Selley et al. as well as Klahn et al.,
Perlman et al., Pinnington et al., Roubeau et al., and Smith et al.
made use of the “Exeter Dysphagia Assessment Technique,”
which records data from the vicinity of the jawline and hyoid
bone [32]–[37], whereas Passler et al., Shirazi et al., Sazonov
et al., and Firmin et al. gathered data from an even higher lo-
cation with several bone-conduction microphones mounted in
the ear canal [38]–[41]. Studies that record data from a location
inferior to the thyroid cartilage are far more plentiful. Some ex-
periments have placed their transducer at the suprasternal notch
[31], [42]–[44], but the majority of researchers record from the
skin overlying the cricoid cartilage or immediate area [17], [20],
[21], [27], [40], [41], [45]–[52]. The cricoid cartilage is an in-
tuitive and logical recording location given that the anatomical
structures present at this level are active during swallowing.
Takahashi et al.’s work, which systematically calculated the
maximum signal-to-noise ratio of a swallowing accelerometry
signal at various locations on a patient’s neck, once again was
one of the first to provide an authoritative answer [16]. Their re-
sults, which have been cited quite often since their publication
and are summarized in Fig. 2, suggested that the signal with
the greatest peak signal-to-noise ratio could be recorded by a
transducer placed either directly on, immediately inferior to, or
immediately lateral to the cricoid cartilage [16].

VI. SIGNAL CONDITIONING

Once the signals are recorded, it then becomes a question
of what to do with the data. Table I summarizes the general
categories of signal conditioning that has been applied to cer-
vical auscultations signals as well as which studies use each
technique. In general, doing more than the most basic signal
processing has been rare in the field. Many studies, in fact,
utilize the raw transducer signal to draw their conclusions and
many used the human ear in the analysis without any digital
or mathematical analysis of the signal waveform’s characteris-
tics [14]–[17], [19], [20], [22], [27], [32]–[37], [40], [48], [50],
[52], [63], [76]–[79], [91]–[112]. Those studies that have con-
ditioned the signal between acquisition and analysis generally

Fig. 2. Recording locations originally tested in [16]. Location 3 is directly
over the thyroid cartilage, location 4 is directly over the cricoid cartilage, and
location 6 is near the suprasternal notch. Locations 4, 5, 10, and 11 were declared
to be ideal. The figure has been reproduced from the original work [16] with
kind permission of Springer Science+Business Media.

only applied a bandpass filter in order to eliminate sources of
noise at either end of the frequency spectrum [13], [28], [38],
[39], [43]–[47], [49], [51], [53]–[62], [65], [68]–[73], [84]–[89].
Once again Takahashi et al.’s work [16], which was later sup-
ported by Youmans and Stierwalt [17], is cited often because
their study characterized the frequency range of swallowing ac-
celerometry signals. They found that the vast majority of the
signal’s energy is found at or below 3.5 kHz [16], [17], and
therefore, many later studies place the upper notch of their fil-
ter at or near that point. Unfortunately, these studies have been
unable to determine the lower bound on useful frequency com-
ponents, resulting in much more variability of the placement of
the lower notch. While some place it as low as 0.1 Hz in order to
maintain a “pure” signal [21], [49], [51], [65], [66], [83], [86],
[90], others place it as high as 30 Hz or more in order to eliminate
motion artifacts and other low-frequency noise [39], [42], [44],
[60]–[62], [69]. Since similar bandlimits have yet to be iden-
tified for swallowing sounds, studies which use a microphone
simply limit the recorded signal to either the human audible
range [21], [32], [33], [37], [40], [46], [48], [67], [76]–[78],
[86], [89], [95], [97]–[100], [102], [103], [110], [112]–[116]
or the range of common stethoscopes used in bedside assess-
ments [13], [22], [28], [39], [56], [69], [73], [88], [91], [92].
Typically, this bare minimum amount of signal processing has
traditionally been done for one of two reasons. First, studies that
make extensive use of subjective human judgments, whether to
determine the start and end times of individual swallows or to
match physiological events with the time-domain signal, do not
want to filter out important frequency components and alter the
signal. Instead, they attempt to provide a signal that is identical
to what these experts would observe when performing a bedside
evaluation in a clinical environment [19], [22], [28], [46], [48],
[84], [91], [92], [106], [110]. Second, many of these studies
look at only the most basic of signal features, such as the sound
composites representing the number of swallows over time, the
timing of swallowing phases, or simply the onset/offset of a
swallowing event [14]–[17], [20], [27], [32]–[34], [36]–[40],
[50], [52], [55]–[57], [68]–[70], [93], [95], [100]–[105], [107],

Microfone com acelerômetro
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Avaliação funcional – protocolo de menor risco

Pastoso/ Líquido/ Branda/ Livre.         
Dependência alimentar
Captação oral eficaz/ineficaz
Escape oral anterior ausente/presente
Trânsito oral normal/ lentificado/ ausente
Mastigação eficaz/ineficaz
Ejeção oral eficaz/ineficaz 
Número de deglutições adequado/ múltiplas/ ausente
Resíduos orais ausente/presente
Refluxo nasal ausente/presente
Elevação e anteriorização hiolaríngea completa/ incompleta/ ausente
Tosse

Antes, durante ou após a deglutição
Eficaz/ineficaz
Ausente/Reflexa/Voluntária

Engasgo definido como obstrução do fluxoaéreo, parcial ou completo,decorrente da entrada de um corpo estranho nas vias aéreas inferiores,podendo levar à cianose 
e asfixia

Pigarro
Ausculta cervical normal/alterada
Alteração da qualidade vocal normal/molhada
Respiração: normal/ dispnéia/ queda saturação/ aumento da FR/ ruídos pulmonares/ desconforto respiratório
Odinofagia
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ANEXO 1. Protocolo fonoaudiológico de introdução e transição da alimentação 
por via oral para pacientes com risco para disfagia orofaríngea (PITA) 

Nome:   Idade: Data:              /           / 
Via de alimentação: (   ) SNE/SNG (   ) SOE/SOG  (   ) parenteral (   ) gastro/jejuno (   ) via oral 
Modo de  (   ) meia colher                          (   ) colher rasa    (   ) colher cheia (   ) pedaços secos 
oferta: (   ) canudo                                (   ) goles livres                  (   ) goles controlados (   ) pedaços umedecidos 
Dependência: (  ) assistida  (   ) supervisionada (   ) pelo fono      (  ) pelo cuidador ou equipe (   ) Independente      
 

SINAIS CLÍNICOS A SEREM OBSERVADOS 
Níveis de dieta via oral: Líquido 
1 2 3 4 F PF PG 

1. Redução do nível de alerta, não colaborativo e/ou 

desatento  

       

2. Impossibilidade de seguir comandos e ordens        
3. Alteração do controle postural        
4. Alteração na preensão e retenção do alimento        
5. Alteração na fase preparatória-oral         
6. Tempo de trânsito oral lentificado         
7. Resíduos em cavidade oral         
8. Perda de alimento pelo nariz         
9. Odinofagia        
10. Alteração da elevação e anteriorização hiolaríngea        
11. Deglutições múltiplas        
12. Voz molhada        
13. Tosse antes, durante ou após deglutição         
14. Tosse fraca e ineficaz         
15. Pigarro        
16. Engasgo        
17. Alteração da ausculta cervical após a deglutição        
18. Necessidade de limpeza laríngea sob comando         
19. Queda na saturação de oxigênio        
20. Desconforto respiratório        
21. Sinais de desconforto geral ou instabilidade clínica        

SOMA DOS SINAIS CLÍNICOS PRESENTES (+)        
Orientação para preenchimento: PRESENÇA:(+); AUSÊNCIA:(-); NÃO TESTADO:(NT) 

RESULTADOS: 
1. Terapia fonoaudiológica 
(   )  DIETA V.O. SUSPENSA:  (  )  NÍVEL 1 (  ) NÍVEL 2 (  ) NÍVEL 3 (  ) NÍVEL 4    
(  ) LÍQUIDO V.O. SUSPENSO: (  ) LF (  ) LPF   (  ) LPG  
2. Possibilidade de oferta de dieta via oral  
(   ) DIETA V.O. (  ) ASSISTIDA ou (  ) SUPERVISIONADA: (  ) NÍVEL 1 (  ) NÍVEL 2 
   (  ) Apenas pelo fonoaudiólogo  (  ) Equipe de enfermagem (  ) Cuidador ou familiar (  ) NÍVEL 3 (  ) NÍVEL 4 
(   ) DIETA V.O. INDEPENDENTE (  ) LF (  ) LPF (  ) LPG 
(   ) TÉCNICA TERAPÊUTICA NECESSÁRIA: __________________________________________________________ 
3. Solicitação de exame instrumental da deglutição  
(  ) VIDEOFLUOROSCOPIA  (  ) VIDEOENDOSCOPIA  (  ) OUTROS _______________________________ 
Observações:   
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II. Dietas testadas 

Níveis de dieta por via oral: 

Nível 1: alimentos pastosos homogêneos (sem pedaços), muito coesivos, que requerem pouca 

habilidade de mastigação. Entre eles: purês de frutas, Geléias, purês de legumes, cremes ou sopas 

cremosas peneiradas etc. 

Nível 2: alimentos pastosos heterogêneos (pastoso com pedaços), coesivos, misturados, que 

requerem pouca habilidade de mastigação. Entre eles: sopas cremosas com pequenos pedaços de 

legumes bem cozidos ou macarrão, carnes moídas ou desfiadas misturadas a purês, frutas 

amassadas, vitamina de frutas sem peneiramento etc. Esse nível exclui pães, bolachas e outros 

alimentos sólidos que não estejam misturados a cremes ou purês. 

Nível 3: alimentos semi-sólidos, macios, que requerem maior habilidade de mastigação, como frutas 

picadas, massas, carnes desfiadas, legumes bem cozidos, arroz papa, pão de forma, pão de leite etc. 

Exclui grãos soltos, pães duros, verduras e outros alimentos de difícil mastigação ou que tendem a 

dispersar-se em cavidade oral. 

Nível 4: dieta regular, inclui todos os alimentos, inclusive de qualquer textura sólida. Entre eles: 

vegetais crus, carnes, saladas, pães, grãos etc. 

 

Líquidos 

Líquido fino (F): líquidos de consistência similar à água em seu estado natural. Estão incluídos os 

sucos, chás, leite, café etc.  

Líquido pastoso fino (PF): líquidos pouco engrossados. Estão incluídos nesta categoria os iogurtes 

líquidos, alguns sucos de frutas (ex: suco de manga) e qualquer outro líquido pouco engrossado (com 

espessante ou outros tipos de amido). 

Líquido pastoso grosso (PG): líquidos engrossados, com consistência similar ao nível 1 de dieta por 

via oral. Estão incluídos nesta categoria os iogurtes em polpa sem pedaços, vitaminas de frutas 

grossas peneiradas (ex: vitamina de mamão com banana) e outros líquidos engrossados (com 

espessante ou outros tipos de amido).  

 

Nota: Caso algum alimento específico seja contra-indicado, ressaltar no campo “observações” 

(exemplos: leite, grãos, pipoca etc). 
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AVALIAÇÃO 
INSTRUMENTAL
FEES

• Vantagem:•Baixo custo•Feita no leito
(portátil)•Ausência de radiação

• Desvantagem:•Não visualiza fase oral da 
deglutição e nem a transição
faringoesofágica.•Dificuldade em quantificar a 
aspiração

• Avaliação da anatomia
• Motilidade faríngea
• Sensibilidade laringofaríngea
• Presença de escape oral de alimentos
• Resíduos em recessos faríngeos
• Penetração laríngea/ aspiração
• Técnicas terapêuticas
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AVALIAÇÃO 
INSTRUMENTAL
VDF
• Vantagens:
• Dinâmica
• Analisa fases oral e faríngea
• Não-invasivo - Baixo custo
• Quantifica a aspiração

• Desvantagem:
• Radiação
• Não é adequado para avaliar anormalidade estruturais

• Auxilia: diagnóstico funcional e compensações
realizadaspelo paciente,
• contribui para verificar técnicas e manobras mais
eficientes no tratamento fonoaudiológico.
• Definir: Consistência do alimento•Postura•Manobras
terapêuticas
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REABILITAÇÃO DA 
DEGLUTIÇÃO
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Swallowing and Dysphagia
Rehabilitation: Translating Principles
of Neural Plasticity Into Clinically
Oriented Evidence

SUPPLEMENT

Purpose: This review presents the state of swallowing rehabilitation science as it relates
to evidence for neural plastic changes in the brain. The case is made for essential
collaboration between clinical and basic scientists to expand the positive influences
of dysphagia rehabilitation in synergy with growth in technology and knowledge. The
intent is to stimulate thought and propose potential research directions.
Method: A working group of experts in swallowing and dysphagia reviews 10
principles of neural plasticity and integrates these advancing neural plastic concepts
with swallowing and clinical dysphagia literature for translation into treatment
paradigms. In this context, dysphagia refers to disordered swallowing associated with
central and peripheral sensorimotor deficits associatedwith stroke, neurodegenerative
disease, tumors of the head and neck, infection, or trauma.
Results and Conclusions: The optimal treatment parameters emerging from increased
understanding of neural plastic principles and concepts will contribute to evidence-
based practice. Integrating these principles will improve dysphagia rehabilitation
directions, strategies, and outcomes. A strategic plan is discussed, including several
experimental paradigms for the translation of these principles and concepts of neural
plasticity into the clinical science of rehabilitation for oropharyngeal swallowing
disorders, ultimately providing the evidence to substantiate their translation into
clinical practice.

KEY WORDS: rehabilitation, nervous system, swallowing treatment, dysphagia,
evidence-based practice

T his review seeks to stimulate translational research in the field of
swallowing and swallowing disorders. Important developments can
be made in our understanding of swallowing disorders and their re-

habilitation with the testing of neural plasticity principles in both human
and animal research designs. This review presents the principles of neural
plasticity and applies them to current evidence of both behavioral and
neural plasticity in swallowing. A strategic plan is formulated to faci-
litate the conduct of research based on the principles of neural plasticity.
This document resulted from a workshop on plasticity/neurorehabilita-
tion research that was held at the University of Florida in Gainesville,
Florida (April 10–13, 2005) and sponsored by the Brain Rehabilita-
tion Research Center, a Veterans Administration (VA) Rehabilitation
Research and Development Center of Excellence. This article aims to en-
courage swallowing clinicians and researchers to partner with neu-
roscientists and imaging specialists in using animal models and advanced
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and are beginning their appearance in rehabilitation,
most notably in upper limb and locomotion research.
However, they have yet to be examined systematically in
relation to human swallowing, although progress is being
made. The 10 principles are summarized in the following
subsections, each principle accompanied by reference to
the extant swallowing literaturewhere relevant andwith
direction for future research where data are nonexistent.

Use It or Lose It
Numerous examples of this principle in humans

exist, indicating that if a neural substrate is not bio-
logically active, its function can degrade. As reviewed by
Ludlow et al. in a companion article (2008; this issue),
Merzenich and colleagues in the 1980s demonstrated
that following the loss of peripheral input to the sensory
cortex from the hand, cortical somatosensory represen-
tationwas reduced (Kaas,Merzenich, &Killackey, 1983;
Merzenich et al., 1983). Conversely, basic research has
demonstrated that by increasing environmental input,
cortical representation could be altered or enhanced
(Nudo, Jenkins, &Merzenich, 1990). Studies addressing
methods of preventing cortical loss following peripheral
deafness are an example of relevance to human commu-
nication (Wong-Riley, Walsh, Leake-Jones, & Merzenich,
1981). Following brain injury, however, further cortical
loss can occurwithout training, as themovements formerly
represented in the lesioned zone do not reappear in
adjacent cortical regions (Friel, Heddings,&Nudo, 2000;
Nudo & Milliken, 1996). Failure to drive specific brain
function through training can lead to further degrada-
tion of a function (Kleim et al., 2002).

Swallowing clinicians recognize this principle; how-
ever, tests of the principle remain to be performed. Some
data, however, are relevant. The necessity of swallowing
“warm-up times” in patients with neurogenic dysphagia
or loss of thevolitional swallowingmotorpatterns (Robbins
& Levine, 1993) in stroke patients who aspirate has been
reported. These patients not only receive nutrition through
alternative routes (e.g., tube feeding) for extended periods
of time, but they expectorate their own saliva rather than
swallow. For years, and in many places to this day, the
assumption in the clinical swallowing community has been
that tube feeding is justified because it prevents prandial
aspiration and thereby reduces the chance of aspiration
pneumonia. Increasingly, clinicians areuneasywithnil per
os (NPO) status for at least two reasons. First, it is now
recognized that aspiration is not alleviated by tube feed-
ing (Cataldi-Betcher, Seltzer, Slocum, & Jones, 1983;
Langmore et al., 1998) inmany circumstances. Second, the
clinical challengeposedby suchpatientswhen finally their
rehabilitation is attempted is explicable in light of theUse
It or Lose It principle.More specifically, disuse of the swal-
lowingmechanismmay diminish its cortical representation

and poses a threat to functional recovery in the long
term.The clinical solutions are not transparent. Itmight
be hypothesized, however, that patientswith oropharyn-
geal dysphagia and life-threatening aspiration should be
offered systematic swallowing drills but without using a
bolus. The goal would be to improve their swallowing
skill, albeit only on “dry” or saliva swallows. Intuitively,
such activity—if it emphasizes multiple repetitions of
more immediate, stronger swallows—will help preserve
cortical and subcortical representations and make the pa-
tient’s return to oral nutrition easier and faster.

Methodologies supported by Phase I and II evidence
of effect on the peripheral swallowing mechanism, iden-
tified by the Swallowing Work Group and discussed at
length later in this review, are listed in Tables 1–4. The
cited works are not all inclusive but rather are meant to
provide a representative sample of peer-reviewed re-
search for specific therapeutic techniques. The imple-
mentation of a selected subset of these methods, which
may be usedduring swallowing and even during the early
period of NPO status, is critical to testing the applicabil-
ity of the Use It or Lose It principle. In addition to en-
hancing understanding of practical applicability to dys-
phagia, it will invite not only documentation of behavioral
plasticity, operationally defined as apparent change in
task performance without clear evidence of associated
neural systems alteration(s), but also documentation of
their influence on neural plasticity. This last notion brings
us to the obverse or guiding principle of neural plasticity—
Use It and Improve It.

Use It and Improve It
This second principle is an extension of the first

principle, indicating that with increased biological

Table 1. Sensory methods of swallowing intervention (i.e., sensory
modifications or stimulation used in swallowing treatment). Demonstrated
evidence of behavioral or neural plasticity (+) or the lack thereof (–)
is noted. E-stim = electrical stimulation; DPNS = deep pharyngeal
neuromuscular stimulation; trach = tracheostomy.

Behavioral Neural
Bolus effects

Volume + –
Viscosity + –
Temperature + –
Taste enhancement + –

Stimulation
Thermal-tactile stimulation + +
E-stim + +
DPNS – –

Occluding trach + –
Visual feedback + –
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imaging techniques to further the swallowing rehabili-
tation evidence base.

Background
Speech pathologists are called upon tens of thou-

sands of times every day to improve swallowing in the
estimated 18 million adults suffering from dysphagia in
the United States and many millions more internation-
ally.With such life-threatening conditions asmalnutrition,
dehydration, and airway disease, including pneumonia,
among the health-related consequences of swallowing
impairment, the urgency to provide care has elicited an
enormous response frommany professions in the health
care industry. Speech-language pathologists have been
at the forefront of the clinical movement. However, as is
often the case in health care, clinical practices have out-
paced the scienceandevidence to support them(Langmore,
1995; Rosenbek, 1995).

Until relatively recently, swallowing had been viewed
as a sequence of pharyngeal and esophageal events, and
neural control was considered reflexive (Patten, 1977;
Walton, 1985). With this traditional assumption of re-
flexive neurological substrates, few researchers or cli-
nicians were approaching dysphagia from a behavioral
point of view. Alternate modes of nutritional intake such
as tube feedings were the remediation of choice in the
medical setting until the past decade. With the 1980s
came a turning point, as behavioral, medical, or surgical
interventions emerged to modify the oropharyngeal bio-
mechanics of swallowing. The past 20 years have wit-
nessed an explosion in the diagnosis and treatment of
oropharyngeal swallowing disorders (Logemann, 1983;
ECRIReport, 1999) and, in particular, what is now being
referred to as the swallow response (Kahrilas,Dodds,Dent,
Logemann, & Shaker, 1988; Robbins, 1996). The integra-
tion of volitional and reflexive sensorimotor events are of
great relevance, and work defining the functional neuro-
anatomy of voluntary swallowing is emerging (Zald &
Pardo, 1999) for application to our current understanding
and practice.

A large-scale distributed swallowing neural network
beginning to be elucidated (Robbins, 1999; Zald et al.,
1999) supports previous suspicions of complex underlying
neural substrates, reflected in the term patterned swallow
response (Kahrilas et al., 1988; Robbins, 1996; Robbins,
1999). Certainly behavioral (Shanahan, Logemann,
Rademaker, Pauloski, & Kahrilas, 1993; Rasley et al.,
1993)andsensory (Lazarusetal., 1993;Rosenbek,Roecker,
Wood, & Robbins, 1996) interventions aimed at modifi-
cation of a patterned response have more treatment
potential than if aimed at a reflex! Such revolutionary
conceptualization encourages clinicians who have been
hypothesizing, as reflected in their practices, thatwillful

control during the early stage of the swallow may offer
access to the patterned response. Given the sensorimotor
neuromuscular mechanisms of dysphagia and the crea-
tivity of clinicians, it is becoming clear that amultitude of
avenues may facilitate improved swallowing behavior
and outcomes. Advances in imagingmethodswill now per-
mit understanding of the potential of these intervention
techniques (and those yet to be developed) to promote
adaptive neural plasticity.

Definition of Neural Plasticity
Loosely defined, neural plasticity describes the abil-

ity of the brain to change (Cohen et al., 1998).Central ner-
vous system plasticity refers to the ability of neuronal
systems to alter function in response to changes in input,
both physiological andpathophysiological (Buonomano&
Merzenich, 1998)—that is, change and adaptation in a
neural substrate, leading to associated behavioral changes,
occur in response to training, environmental cues, experi-
ence, aging, injury, or disease (Tinazzi et al., 1998;Urasaki,
Genmoto, Wada, Yokota, & Akamatsu, 2002; Ziemann
et al., 1998). Change in synaptic function within a par-
ticular central neural substrate—either through synapto-
genesis, long-term potentiation, long-term suppression, or
cell death—comprises neural plasticity. During the last
two decades, a number of studies have revealed themech-
anisms responsible for plasticity and their relationship
with injury (Cohen et al., 1998); however, understanding
of neural plasticity and behavioral modeling or reshap-
ing remains unclear.

Although neural plasticitymay result in a behavioral
change, not all behavioral change necessarily involves
neural plasticity. Some behavioral changes result from
compensation, involving a substitution or use of different
neural substrate(s) for producing a behavior or learning a
new function. More commonly, neural plasticity is the
alteration in function of the original neural substrate
used to produce a behavior through changes in synaptic
function. At present, although there is increasing
evidence that neural plasticity plays a substantial role
in centrally remodeling human function after cerebral
injury, an understanding of how it relates both to path-
ophysiology and functional recovery remains limited,
and its role in recovery of swallowing behavior is even
less understood.

Principles of Neural Plasticity
Ten principles of neural plasticity are identified by

Kleim and Jones (2008; this issue) as having emerged
from two or more decades of research in basic neurosci-
ence. These principles are evidenced in basic research
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- Use-o ou perca-o
- Use-o e melhore-o
- A plasticidade é específica da experiência (especificidade?)
- A repetição importa
- Intensidade importa
- Tempo importa
- Salience Matters (relevância?)
- Idade importa
- Transferência
- Interferência
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1) Modificação de Dieta

2) Manobras Posturais e de Limpeza

3) Estimulação indireta

4) Fortalecimento Muscular

5) Outros recursos terapêuticos
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TODO ESTÍMULO 
SENSITIVO PROVOCA 
UMA RESPOSTA MOTORA
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RECURSOS 
TERAPÊUTICOS

• 1) Modificação da consistência da dieta

à Modula o desempenho sensório-motor oral e 
faríngeo

1) Modificação de consistência da dieta
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Bolos maiores provocam latências mais curtas para o 
início da deglutição faríngea e aumento da atividade 
contrátil muscular

ORIGINAL ARTICLE

The Influence of Food Texture and Liquid Consistency
Modification on Swallowing Physiology and Function:
A Systematic Review

Catriona M. Steele • Woroud Abdulrahman Alsanei • Sona Ayanikalath •

Carly E. A. Barbon • Jianshe Chen • Julie A. Y. Cichero • Kim Coutts •

Roberto O. Dantas • Janice Duivestein • Lidia Giosa • Ben Hanson •

Peter Lam • Caroline Lecko • Chelsea Leigh • Ahmed Nagy • Ashwini M. Namasivayam •

Weslania V. Nascimento • Inge Odendaal • Christina H. Smith • Helen Wang

Received: 24 July 2014 / Accepted: 10 September 2014 / Published online: 25 October 2014
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Abstract Texture modification has become one of the
most common forms of intervention for dysphagia, and is

widely considered important for promoting safe and effi-

cient swallowing. However, to date, there is no single
convention with respect to the terminology used to describe

levels of liquid thickening or food texture modification for

clinical use. As a first step toward building a common
taxonomy, a systematic review was undertaken to identify

empirical evidence describing the impact of liquid

consistency and food texture on swallowing behavior. A
multi-engine search yielded 10,147 non-duplicate articles,

which were screened for relevance. A team of ten inter-

national researchers collaborated to conduct full-text
reviews for 488 of these articles, which met the study

inclusion criteria. Of these, 36 articles were found to

contain specific information comparing oral processing or
swallowing behaviors for at least two liquid consistencies

or food textures. Qualitative synthesis revealed two key

trends with respect to the impact of thickening liquids on
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Líquidos mais espessos reduzem o risco de 
penetração/aspiração, MAS... requerem maior 
força de propulsão da língua e aumentam o 
risco de resíduo na faringe após a deglutição

REVIEW ARTICLE

Sensory Input Pathways and Mechanisms in Swallowing:
A Review

Catriona M. Steele • Arthur J. Miller
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! The Author(s) 2010. This article is published with open access at Springerlink.com

Abstract Over the past 20 years, research on the physi-
ology of swallowing has confirmed that the oropharyngeal

swallowing process can be modulated, both volitionally

and in response to different sensory stimuli. In this review
we identify what is known regarding the sensory pathways

and mechanisms that are now thought to influence swal-

lowing motor control and evoke its response. By synthe-
sizing the current state of research evidence and

knowledge, we identify continuing gaps in our knowledge

of these mechanisms and pose questions for future
research.

Keywords Deglutition ! Deglutition disorders !
Sensation ! Sensory pathways ! Physiology

In her recent review on neuroplasticity in swallowing, Martin

[1] argues for the potential importance of sensory stimulation
as a mechanism for influencing swallowing behavior. Sen-

sory input is vital to the oral, pharyngeal, and esophageal

phases of swallowing, yet evaluation of the integrity of the
afferent pathways carrying sensory information to the

swallowing control centers in the brain is not part of the

standard clinical or instrumental swallowing assessment [2].
Sensory input informs neural control centers about the pro-

cess of mastication so that boluses are prepared to a desirable

consistency and lingual propulsive forces are tailored to
transport the bolus efficiently into the pharynx [3, 4]. Sensory

input triggers the subconscious pharyngeal swallow and

modulates the sequential motor activity of muscles that
transport the bolus through the pharynx [5, 6]. Sensory input

modifies esophageal swallow intensity and triggers second-

ary peristalsis [7]. Sensory input synaptically influences
multiple pathways, both cortical and brainstem, to trigger

swallowing, alter motor output, and simultaneously activate
ascending pathways, which reflexively modulate the motor

output throughout the swallowing sequence [8].

The pharyngeal phase of swallowing is a well-recognized,
complex reflex response [6]. Most experts, however, believe

that the pharyngeal swallow involves modulation from

sensory input and descending cortical pathways [9–17].
Fundamental studies in animal models indicate that the

pharyngeal swallow sequence has a baseline or default mode,

a brainstem-driven basic reflex that can then be modified in
the normal conscious subject [18]. For example, aspects of

the muscular contractile sequence can be modified, including

the durations of individual muscle activation and the
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swallowing: thicker liquids reduce the risk of penetration–

aspiration, but also increase the risk of post-swallow resi-

due in the pharynx. The literature was insufficient to sup-
port the delineation of specific viscosity boundaries or

other quantifiable material properties related to these

clinical outcomes. With respect to food texture, the liter-
ature pointed to properties of hardness, cohesiveness, and

slipperiness as being relevant both for physiological

behaviors and bolus flow patterns. The literature suggests a
need to classify food and fluid behavior in the context of

the physiological processes involved in oral transport and

flow initiation.

Keywords Deglutition ! Deglutition disorders !
Dysphagia ! Texture modification ! Systematic review

Introduction

The use of texture-modified foods and thickened liquids
has become a cornerstone of clinical practice to address

dysphagia (swallowing impairment) [1, 2]. The principle

behind this pervasive practice arises from the assumption
that modifying the properties of normal foods and liquids

will make them easier and safer to swallow. In the case of

liquids, it is widely accepted that thin liquids (such as
water) pose safety challenges for people with dysphagia

because they flow quickly [3, 4]. The speed of bolus flow

from the mouth into the pharynx may be sufficiently fast
that it does not provide enough time for the person to

engage airway closure before the bolus arrives at the

entrance to the larynx and airway. Thickened liquids are
frequently recommended with the goal of slowing down

the flow of liquids to allow more time for airway closure

[4, 5]. Conversely, very thick liquids and solid food

materials may require greater strength in terms of the
tongue propulsive forces that are used to drive material

through the oropharynx. If a person has reduced tongue

strength or reduced pharyngeal muscle strength, this is felt
to constitute a risk for residues to remain behind in the

recesses of the pharynx after a swallow [4, 6–8]. Similarly,

solid foods that require chewing may prove challenging for
people with dental issues or weakness in the masticatory

muscles. Alteration of the properties of solid foods (by
dicing, chopping, mincing or pureeing) is a common

approach to making these materials easier for oral pro-

cessing and swallowing.
The widespread use of texture modification as a clinical

intervention has created a need to establish clear termi-

nology to describe the target consistencies that are rec-
ommended for patients with dysphagia. In the absence of

clear terminology and definitions to guide both the pro-

duction/preparation and the clinical use of modified food
textures and liquid consistencies, several countries have

developed taxonomies or classification systems, dissemi-

nated in the form of clinical guidelines [9–14]. However,
different countries have developed different systems of

classification [15]. Recognition of the need to agree on

terminology both within and across geographic jurisdic-
tions has led to the establishment of the International

Dysphagia Diet Standardisation Initiative (www.iddsi.org).

The IDDSI task force has set a goal of developing global
standardized terminology and definitions for texture-mod-

ified foods and thickened liquids for individuals with

dysphagia of all ages, in all care settings, and all cultures.
The majority of existing guidelines for texture termi-

nology have been developed based on input derived from
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Teste de Inclinação da Colher: Mantém a forma na colher; não é firme e pegajoso; pouco alimento  

deixado na colher      

 

As imagens a seguir mostram exemplos de alimentos que seriam adequados ou inadequados para o 

Nível 4 de acordo com o Teste de inclinação da colher IDDSI. 

 

 

 

 

 

 

 

 

 

 
 

 

Teste de Inclinação da Colher: Mantém a forma na colher; não é firme e pegajoso; pouco 

alimento deixado na colher 

 

Teste de Inclinação da Colher: SEGURO: Mantém a forma na colher; não é firme e pegajoso; 

pouco alimento deixado na colher 

 

Teste de Inclinação da Colher: NÃO SEGURO: Mantém a forma na colher; FIRME E PEGAJOSO; MUITO 

alimento deixado na colher 

 

 

 

 

 

 

 

Teste de Inclinação da Colher: SEGURO: Mantém a forma na colher; não é firme e pegajoso; 

pouco alimento deixado na colher 
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Onde garfos não estão 
disponíveis  
Teste do Dedo 

• É possível segurar facilmente uma amostra desta textura usando os dedos; 
pequenas partículas macias, lisas e arredondadas podem ser facilmente 
separadas entre os dedos. O material vai parecer úmido e vai deixar os 
dedos molhados. 

ALIMENTOS ESPECÍFICOS OU OUTROS EXEMPLOS https://iddsi.org/framework/food-testing-methods/ 

CARNE 
භ Finamente picada* ou moída*, picadinho macio 

o Pediátrico, igual ou menor que 2mm de largura 
e não mais que 8 mm de comprimento 

o Adulto, igual ou menor que 4mm de largura e 
não mais que 15 mm de comprimento 

භ Sirva em molho/caldo levemente, moderadamente 
ou extremamente espessado, escorrendo o excesso 

* Se a textura não puder ser picada/moída finamente, 
ela deve ser feita pastosa 

 

 

 
PEIXE 
භ Finamente amassado em molho/caldo levemente, 

moderadamente ou extremamente espessado, 
escorrendo o excesso 

o Pediátrico, igual ou menor que 2mm de 
largura e não mais que 8 mm de 
comprimento 

o Adulto, igual ou menor que 4mm de largura 
e não mais que 15 mm de comprimento  

FRUTA 
භ Servir finamente picada ou amassada 
භ Escorra o excesso de suco 
භ Se necessário, sirva em um molho/caldo levemente, moderadamente ou extremamente espessado e 

escorra o líquido em excesso. Nenhum líquido fino deve se separar do alimento 
o Pediátrico, igual ou menor que 2mm de largura e não mais que 8 mm de comprimento 
o Adulto, igual ou menor que 4mm de largura e não mais que 15 mm de comprimento 

VEGETAIS 
භ Servir finamente picada ou amassada 
භ Escorrer qualquer líquido 
භ Se necessário, sirva em um molho/caldo levemente, moderadamente ou extremamente espessado e 

escorra o líquido em excesso. Nenhum líquido fino deve se separar do alimento 
o Pediátrico, igual ou menor que 2mm de largura e não mais que 8 mm de comprimento 
o Adulto, igual ou menor que 4mm de largura e não mais que 15 mm de comprimento 

  

Use a fenda entre os dentes do garfo (4 mm) 
para determinar se os pedaços picados são 

do tamanho correto ou incorreto 

Nota - requisitos de tamanho de pedaços para 
todos os alimentos no Nível 5 Moído e Úmido: 

Pediátrico, igual ou menor 
que 2mm de largura e não mais que 8 
mm de comprimento 

Adulto, igual ou menor 
que 4mm de largura e não mais que 15 
mm de comprimento 
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CEREAL 
• Macio com pedaços amolecidos e tenros não maiores que  

• Pediátrico, pedaços de 8 mm 
• Adultos, 15 mm = pedaços de 1,5 cm 

• Textura totalmente macia 
• Qualquer excesso de leite ou líquido deve ser drenado e/ou espessado até o nível de espessamento 

recomendado pelo fonoaudiólogo 
PÃO 
• Nenhum pão seco, sanduíches ou torradas de qualquer 

tipo  
• Use a receita de sanduíche contida no IDDSI Nível 5 

Moído e Úmido para preparar pão e adicionar ao 
recheio que atenda aos requisitos do Nível 6 Macio e 
Picado 
https://www.youtube.com/watch?v=W7bOufqmz1 

• Use pães gelificados e úmidos em toda a espessura.  

ARROZ, CUSCUS, QUINOA (e texturas alimentares semelhantes)  
• Sem partículas/granulado, não pegajoso ou aderente 

 

  

 
 

 

 
 

 
 

Pedaços de alimento com 
grumos não maiores que 8 
mm x 8 mm para crianças 

Pedaços de alimento com 
tamanho não maiores que 

1,5 cm x 1,5 cm para adultos 

A unha do polegar fica branca. 
Amostra esmagada e não 

Unha do polegar ficam 
brancas  

A amostra é esmagada e não retorna 
à sua forma original quando a pressão 

é liberada 

  

Alimento Macio e 
Picado deve passar por 

ambos os testes de 
tamanho do pedaço de 
alimento e de maciez! 
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RECURSOS TERAPÊUTICOS
• 2) Indicação de manobras posturais, de auxílio e de limpeza de vias aéreas 

inferiores

Cabeça virada para o lado parético à 67% com 
lesão unilateral de nervos cranianos baixos 
melhoraram a disfagia

Flexão anterior de cabeça (“chin tuck”) à 50% com 
disfagia melhoraram a deglutição

2) Indicação de manobras Posturais de auxílio e de Limpeza de vias aéreas
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à Investigou o efeito da combinação da Manobra de Mendelshon associada à deglutição 
de esforço

à Todos os pacientes apresentaram redução na aspiração de líquido e semi-sólido após 20 
sessões 
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Research Report

Effect of effortful swallowing training on tongue strength and oropharyn-
geal swallowing function in stroke patients with dysphagia: a double-blind,
randomized controlled trial

Hee-Su Park†, Dong-Hwan Oh†, Taehyung Yoon‡§ and Ji-Su Park¶
†Department of Occupational Therapy, Kyungdong University, Wonju, South Korea
‡Department of Occupational Therapy, Dongseo University, Busan, South Korea
§Senior Care Research Center, Dongseo University, Busan, South Korea
¶Advanced Human Resource Development Project Group for Health Care in Aging Friendly Industry

(Received July 2018; accepted January 2019)

Abstract

Background: Effortful swallowing training (EST) is a remedial method for the training of swallowing-related
muscles in the oropharyngeal phase. However, clinical evidence of its effectiveness is insufficient.
Aims: To investigate the effects of EST on tongue strength and swallowing function in patients with stroke.
Methods & Procedures: Stroke patients with dysphagia were randomly assigned to one of two groups: an experimental
group (n = 12) and a control group (n = 12). The experimental group underwent EST, while the control group
performed saliva swallowing. Training was conducted 5 days per week for 4 weeks. Both groups underwent
conventional dysphagia treatment for 30 min/day, 5 days/week for 4 weeks.
Outcomes & Results: Tongue strength was assessed using the Iowa Oral Performance Instrument. The
Videofluoroscopic Dysphagia Scale (VDS), based on a videofluoroscopic swallowing study, was used to
analyze oropharyngeal swallowing function. The experimental group showed greater improvements in anterior
and posterior tongue strength compared with the control group (p = 0.046 and 0.042, respectively), and greater
improvement in the oral phases of the VDS (p = 0.017).
Conclusions & Implications: We recommend EST as a remedial strategy for improving tongue strength and oral
swallowing function in patients with stroke.

Keywords: randomized control trial, dysphagia, stroke, tongue, effortful swallowing.

What this paper adds
What is already known on the subject
EST is a remedial method of dysphagia and is mainly applied in clinical practice. However, the clinical evidence of the
effect is still unclear. Therefore, this study investigated the effect of EST on the tongue strength and oropharyngeal
swallowing of dysphagia patients after stroke.

What this paper adds to existing knowledge
This study conducted a randomized controlled trial to investigate the effect of EST. As a result, the experimental
group (effortful swallowing) showed more significant improvement not only in tongue strength but also in the oral
phase of swallowing than the placebo group.

What are the potential or actual clinical implications of this work?
EST was confirmed to have a positive effect on tongue muscle strength and oral swallowing function of dysphagia
patients after stroke. Therefore, we recommend EST as a remedial method to patients with dysphagia after stroke

Address correspondence to: Ji-Su Park, Advanced Human Resource Development Project Group for Health Care in Aging Friendly Industry,
47, Jurye-ro, Sasang-gu, Busan, South Korea; e-mail: jisu627@hanmail.net
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24 Disfágicos pós AVC

- 12 Gca: Degl. 
Esforço

-12 Gco: Degl. 
Saliva

5x/ semana
4 semanas 

IOPI
+

VIdeofluoroscopia

RESULTADOS:
O Grupo Deglutição com esforço apresentou melhora na força de língua (anterior
e posterior) e na fase oral em relação ao GCo
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• 3) ESTIMULAÇÃO INDIRETA/ ETTG

• Estimulação Tátil
• Facilita a manipulação, controle e propulsão oral

(Gisel et al, 1994)
• Estimulação Gustativa à Azedo

• Melhora do trânsito oral
• Melhora na abertura do EES
• Melhora da resposta faríngea

(Logemann et al, 1995)

• Estimulação Térmica:
• Aumenta o limiar de excitabilidade da deglutição (Rosenbeck, 1991)
• Melhora no tempo da delutição (Rosenbeck, 1996)

3) Estimulação indireta ETTG

RECURSOS TERAPÊUTICOS
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O aumento do INPUT SENSORIAL pode modificar as áreas motoras do córtex cerebral 
(Steele, 2010)

REVIEW ARTICLE

Sensory Input Pathways and Mechanisms in Swallowing:
A Review

Catriona M. Steele • Arthur J. Miller

Received: 8 December 2009 / Accepted: 14 August 2010 / Published online: 3 September 2010
! The Author(s) 2010. This article is published with open access at Springerlink.com

Abstract Over the past 20 years, research on the physi-
ology of swallowing has confirmed that the oropharyngeal

swallowing process can be modulated, both volitionally

and in response to different sensory stimuli. In this review
we identify what is known regarding the sensory pathways

and mechanisms that are now thought to influence swal-

lowing motor control and evoke its response. By synthe-
sizing the current state of research evidence and

knowledge, we identify continuing gaps in our knowledge

of these mechanisms and pose questions for future
research.

Keywords Deglutition ! Deglutition disorders !
Sensation ! Sensory pathways ! Physiology

In her recent review on neuroplasticity in swallowing, Martin

[1] argues for the potential importance of sensory stimulation
as a mechanism for influencing swallowing behavior. Sen-

sory input is vital to the oral, pharyngeal, and esophageal

phases of swallowing, yet evaluation of the integrity of the
afferent pathways carrying sensory information to the

swallowing control centers in the brain is not part of the

standard clinical or instrumental swallowing assessment [2].
Sensory input informs neural control centers about the pro-

cess of mastication so that boluses are prepared to a desirable

consistency and lingual propulsive forces are tailored to
transport the bolus efficiently into the pharynx [3, 4]. Sensory

input triggers the subconscious pharyngeal swallow and

modulates the sequential motor activity of muscles that
transport the bolus through the pharynx [5, 6]. Sensory input

modifies esophageal swallow intensity and triggers second-

ary peristalsis [7]. Sensory input synaptically influences
multiple pathways, both cortical and brainstem, to trigger

swallowing, alter motor output, and simultaneously activate
ascending pathways, which reflexively modulate the motor

output throughout the swallowing sequence [8].

The pharyngeal phase of swallowing is a well-recognized,
complex reflex response [6]. Most experts, however, believe

that the pharyngeal swallow involves modulation from

sensory input and descending cortical pathways [9–17].
Fundamental studies in animal models indicate that the

pharyngeal swallow sequence has a baseline or default mode,

a brainstem-driven basic reflex that can then be modified in
the normal conscious subject [18]. For example, aspects of

the muscular contractile sequence can be modified, including

the durations of individual muscle activation and the
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Purpose: There is limited information regarding the theoretical underpinnings of an Ice
Chip Protocol. This article aims to discuss its use in assessment and rehabilitation
of swallowing disorders.

Method: A brief outline of the Ice Chip Protocol has been published, but in the present
commentary, we thoroughly describe the protocol. We explain the rationale, indications for
use, steps, and expected outcomes. We also present 9 case reports of patients who presented
as nil per os for a swallow evaluation and received the Ice Chip Protocol.

Result: We demonstrate that the Ice Chip Protocol led to positive outcomes in the majority
of the case reports. In 77.8% of the cases (7/9), secretion amount and location improved.
Our anecdotal experiences suggest that it is a safe and successful protocol for both the
evaluation and rehabilitation dysphagia. However, there is no systematic evidence for support.

Conclusion: Clinicians and researchers are often asked to evaluate the swallows of
patients who are severely dysphagic and sometimes critically ill. Our experience suggests
that the Ice Chip Protocol is an effective and safe method, but it would greatly benefit from
being formally studied. This commentary is meant to encourage more formal investigations
of its outcomes.

For clinicians in the field of dysphagia, the use of ice chips for swallowing assessment and
rehabilitation is not a novel concept. However, despite the anecdotal use of ice chips, there is very
little empirical support in the literature.

The Effect of Water on the Lungs
The membranes of the human airway are made to facilitate transport of fluid in utero

while they are filled with fluid. Water-transporting proteins, called aquaporins, line the epithelia
and endothelia of the lungs and facilitate the passage of fluid across the lung’s lining. In adulthood,
high levels of aquaporins are still present, and the lungs remain highly permeable to water (Borok
& Verkman, 2002; Day et al., 2014; Verkman, Matthay, & Song, 2000).

Myriad literature endorses this premise, suggesting that trace aspiration of water does
not pose a serious risk for pneumonia (Feinberg, Knebl, & Tully, 1996; Feinberg, Knebl, Tully, &
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For clinicians in the field of dysphagia, the use of ice chips for swallowing assessment and
rehabilitation is not a novel concept. However, despite the anecdotal use of ice chips, there is very
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and endothelia of the lungs and facilitate the passage of fluid across the lung’s lining. In adulthood,
high levels of aquaporins are still present, and the lungs remain highly permeable to water (Borok
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Segall, 1990; Langmore, 2001; Olson, 1970; Robbins et al., 2008; Simonelli et al., 2010; Splaingard,
Hutchins, Sulton, & Chaudhuri, 1988).

The Necessary but Insufficient Requirements for Aspiration Pneumonia
Three necessary conditions must co-occur to develop aspiration pneumonia, none of

which are sufficient in isolation. First, the material must be pathogenic, meaning a substance
that is harmful to the lungs: secretions with bacteria, food particles, stringent liquids, and
gastric contents. Second, aspiration must occur. It is impossible to get an aspiration pneumonia
without aspirating. In certain situations, this will be volume or location dependent. Similarly, a
trace amount of aspiration to the subglottic shelf in the superior trachea is not significant enough
to create an inflammatory response. In one study, only 38% of the patients who aspirated went
on to develop a pneumonia (Langmore et al., 1998). Third, the host’s defense must be unable
to process the aspirate. A history of lung disease, poor respiratory status, and a lowered immune
system are examples of a reduced defensive system. Thus, the necessary but individually insufficient
requirements for pneumonia are (a) a pathogenic aspirate must be (b) aspirated and (c) the host’s
defense system is unable to prevent colonization and subsequent infection (Langmore, 2011;
Langmore, Schatz, & Olsen, 1988; Rohmann, Tschernig, Pabst, Goldmann, & Dromann, 2011).
When all three factors occur, an aspiration pneumonia may develop.

Ideal Candidates for the Ice Chip Protocol: Who and Why
The ideal patient for the Ice Chip Protocol is someone with a suspected severe dysphagia

or an unknown swallowing ability. Ice chips are ideal when the clinician is not confident in the
patient’s ability to safely swallow and/or has advanced pulmonary disease. These patients are
likely to aspirate anything given to them; hence, the exam should be conservative with a benign
bolus such as an ice chip. We view any patient who is currently tube fed as a good candidate
for the Ice Chip Protocol because these patients may have a severe dysphagia and may not have
swallowed any food or liquid for an extended time. In fact, it has been shown that tube-fed
patients have a lower frequency of swallowing than orally fed patients, to the point where
secretions are not managed (Crary & Groher, 2006).

We also regard candidacy for the Ice Chip Protocol by what the patient’s current swallow
status is in terms of how frequently the swallow is engaged: normal, reduced, or nonuse, which
are operationally defined below and in Table 1.

Table 1. A schema to consider swallowing condition prior to the Ice Chip Protocol. We have found
that ice chips are the best way to start an evaluation for patients presenting with “reduced use” or
“nonuse” of the swallow.

Normal Use Reduced Use Nonuse

Normal frequency
(1–4 times per minute
at resta, plus all nutrition
and hydration by mouth)

Swallowing is executed occasionally

Mild————————————Severe

The swallow is rarely
used, and when it is,
it is mostly reflexive

Example:

A patient with total oral
feeding

Example:
Mild——————————————Severe

Example:

An intubated patient
A patient with a nasogastric
tube, supplementing with
some food or liquids boluses
by mouth

Nothing by mouth
with exclusive
feeding via
alternative means

Note. aMurray et al. (1996), Langmore (2001).
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Vantagens:
- pequeno volume (~5 × 7 mm) aproximadamente 1 ml de água derretida
- Bolo coeso à As lascas de gelo podem ser facilmente manipuladas e mantidas na boca
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The amount of secretions was greatly reduced by the Ice Chip Protocol, as demonstrated
in Figure 3, highlighting the baseline secretion score and the secretion score after the Ice Chip
Protocol. In no instances did the secretions get worse, but that was likely due to suctioning,
which was a goal of the protocol and an advantage to clear the pharynx for other trials. In 77.8%
of the cases (7/9), secretion amount and location improved.

Long term follow-up data (diet maintenance, pulmonary status, quality of life) was limited
due to access to what was documented in the electronic medical records alone, and therefore, no
long-term outcomes could be investigated. However, it can be stated that none of the patients
who returned to clinic became significantly worse from the Ice Chip Protocol and none reported
recurrent aspiration pneumonias, hospitalization, or a worsening health status.

We highlight two of the case studies below:

Case 1: Aspiration was seen during and after the first three swallows as the ice chips
mixed with the secretions, but a cued throat clear ejected all secretions and water out of the
airway. Multiple trials of ice in larger volumes (up to five ice chips) were effective at clearing all
secretions, although there was moderate residue of the melted ice chips pooling in the piriform
sinuses. It was recommend that she take two to four ice chips at a time, 20 times per day, and
use water spritzer into her mouth throughout the day to loosen oral and pharyngeal secretions.
Within 2 months, her secretions were gone, and she was taking thin liquids without any problems.
Over 4 months, the patient began taking puree and thin liquids with onset of therapeutic trials.
She was started on semisolids foods, but because of a prolonged oral stage, she still required a
Gtube, which stayed in place until 8 months postsurgery when she was able to take enough PO.

Case 4: Silent aspiration was seen on the first two trials of ice chips, but a cued cough
was strong. No aspiration occurred on subsequent trials, but clearance of the ice chips was
reduced and required multiple swallows to clear the melted ice and secretions. It was recommended
that she receive aggressive oral care and be given single ice chips, five times per sitting, three times
per day under close supervision. A family member was taught how to cue the patient to take ice,
look for signs of a swallow, and then cue to cough. Upon follow-up, the patient remained pneumonia
free despite reports of frank aspiration out of the tracheostomy tube. At the 2-month follow-up, the
patient was receiving ice chips and was put on a free water protocol by the nursing home, remaining
pneumonia free. At the 4-month follow-up, the patient demonstrated the ability to take very small
volumes of puree for pleasure feeding. At 8 months, no pulmonary complications were reported.

Figure 3. Secretion ratings with the 5-point Marianjoy secretions rating scale at baseline before any
trials were carried out and after three administrations of ice chips, per the Ice Chip Protocol.
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à A quantidade de secreções foi muito reduzida pelo 
Ice Chip Protocol

à Em nenhum caso o acúmulo de secreções piorou
à Em 77,8% dos casos houve melhora
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Each Ice Chip Protocol was performed under the guidance of endoscopy (FEES) because it
provides a direct view of the larynx, a direct view of secretions, a direct view of ice chips, and is more
sensitive to detecting aspiration (Kelly, Drinnan, & Leslie, 2007; Pisegna & Langmore, 2016a, 2016b).

Procedure
The ice chips used in our protocols were sourced from the kitchen icemaker machine

on patient floors. Each ice chip was about 5 × 7 mm. We mixed a few spoonfuls of ice chips
with two drops of green food dye to enhance visualization of the ice chip bolus endoscopically.

1. Observation of Swallowing Anatomy and Secretions

Upon entry into the pharynx and before the Ice Chip Protocol, we noted the swallowing
anatomy, vocal fold mobility, and the patient’s ability to close the glottis with a cued cough or
phonation (Part 1 speech tasks of the FEES).

We rated secretions before the swallow because they have the potential to block the
bolus path; lead to penetration, aspiration, or both; and may accumulate with added boluses (see
Figure 1a). We rated them after the ice chip trials to indicate the success, or lack thereof, of the ice
chip trials in engaging the swallow and loosening (see Figure 1b), moving, and clearing secretions
(see Figure 1c) using a standardized rating tool (Marianjoy 5-point ordinal scale; Donzelli, Brady,
Wesling, & Craney, 2003).

Figure 1. Secretions (a) before, (b) during, and (c) after the Ice Chip Protocol in NPO patients in need
of a swallow evaluation.
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A Randomized Trial of Olfactory Stimulation Using Black Pepper
Oil in Older People with Swallowing Dysfunction
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OBJECTIVES: To determine the effect of olfactory stimu-
lation with volatile black pepper oil (BPO) on risk factors
for pneumonia.

DESIGN: A 1-month randomized, controlled study.

SETTING: Nursing homes in Japan that serve as long-term
care facilities for older residents who are physically hand-
icapped, mainly because of cerebrovascular disease.

PARTICIPANTS: One hundred five poststroke residents.

MEASUREMENTS: Latency of the swallowing reflex
(LTSR), the number of swallowing movements, serum sub-
stance P (SP), and regional cerebral blood flow (rCBF).

RESULTS: Nasal inhalation of BPO for 1 minute short-
ened LTSR, compared with that of lavender oil and distilled
water (Po.03). Compared with the period before the study,
the 1-month intervention using BPO improved LTSR with
an increase of serum SP (Po.01). The number of swallow-
ing movements for 1 minute during the nasal inhalation of
BPO increased (Po.001). Multiple comparisons showed a
poststudy increase in rCBF within the insular cortex
(Po.001). Compared with the prestudy rCBF, BPO inter-
vention increased rCBF in the right orbitofrontal and left
insular cortex (Po.001).

CONCLUSION: Inhalation of BPO, which can activate
the insular or orbitofrontal cortex, resulting in improve-
ment of the reflexive swallowing movement, might benefit
older poststroke patients with dysphagia regardless of their
level of consciousness or physical and mental status. J Am
Geriatr Soc 54:1401–1406, 2006.

Key words: olfactory stimulation; elderly pneumonia;
swallowing reflex; swallowing movement; anterior insu-
lar cortex

Despite the development of potent antimicrobial agents,
pneumonia is still a leading cause of death in older

people. Pneumonia in older people, especially those in
nursing homes, is largely related to aspiration, both macro
and micro, due to attenuation of the cough reflex and the
reflexible movement of swallowing, which are mediated via
substance P (SP).1 Therefore, aspiration due to dysphagia
should be a main target of the strategy to prevent pneumo-
nia in older people. Intervention to remediate dysphagia in
older people has been mostly unsuccessful, because knowl-
edge of the etiology of dysphagia has been scant. Although
dysphagia has traditionally been associated with basal gan-
glia infarction, it has recently been reported that dysfunc-
tion in the insular cortex plays a key role in dysphagia.2–4

Hypoperfusion of the insular cortex is closely related to
aspiration pneumonia.5

The insular cortex also plays a crucial role in appetite.
Hunger is associated with an increase in cerebral blood flow
in the insular cortex.6 Moreover, appetite stimuli, whether
pharmacological or nonpharmacological, increase the
blood flow in the insular cortex.7,8 Hence, it was speculat-
ed that a strong appetite stimulus for older people may elicit
recovery of the insular cortex function by restoring blood
flow there. The smell of black pepper oil (BPO) is one of the
strongest appetite stimuli in humans.9 Therefore, enhance-
ment of the insular cortex may possibly be an intervention
strategy to improve swallowing in patients with dysphagia
and, ultimately, to prevent aspiration pneumonia.

A randomized, controlled study was conducted to in-
vestigate the olfactory effect of volatile BPO on dysphagic
patients in nursing homes.

METHODS

A Randomized Prospective Trial with Olfactory
Stimulation

A randomized, controlled study was conducted from June
2001 to March 2002 in nursing homes in Japan that serve as
long-term care facilities for older patients who are physi-
cally handicapped, mainly due to cerebrovascular disease.
To a large extent, they are dependent on the service of
caregivers for activities of daily living (ADLs). The criterion
for patient selection was that physical symptoms and cog-
nitive impairment must have been stable for the preceding
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tensin-converting enzyme inhibitors, neuroleptics, and am-
antadine) between participants in the odorless group, the
BPO-treated group, and the LO-treated group (Table 1). In
addition, LTSR, cough-reflex sensitivity, and serum SP con-
centration at baseline were not significantly different in the
three groups (P4.05).

The nasal inhalation of BPO caused a significant short-
ening of LTSR at 1 minute soon after its first nasal inha-
lation by the naive participants (P 5.03) (Table 1). The
LTSR in the BPO-treated group at 30 days was significantly
less than the baseline value, whereas those of the other
groups were not (P 5.005). The LTSR of the BPO-treated
group at 30 days was also significantly shorter than those of
the LO-treated and the odorless groups at 30 days
(Po.001) (Table 1).

The nasal inhalation of any odorants (BPO, LO, and
distilled water) during the 30-day period did not signifi-
cantly affect cough-reflex sensitivity (Table 1). The number
of involuntary swallowing movements for 1 minute in the
BPO-treated group was significantly greater than in the
odorless group and the LO-treated group (Po.001) (Table
1). Serum SP at 30 days in the BPO-treated group was sig-
nificantly greater than at baseline (P 5.03), whereas it did
not change significantly in the LO-treated and odorless
groups (P 5.53). Serum SP in the BPO-treated group at 30
days was also significantly greater than in the LO-treated
and odorless groups (P 5.04) (Table 1).

The LTSR in the group of BPO-treated patients was
significantly longer than the initial LTSR, according to the

SPECT scan (5.9 ! 1.1 vs 2.7 ! 1.1 seconds). Voxels within
the insular cortex in the brains of these patients were sig-
nificantly larger (Po.001) (Figure 2). Comparison of rCBF
before the nasal inhalation of volatile BPO with that after
the study showed that rCBF in the right medial orbitofron-
tal cortex (anterior cingulate cortex) and the left insular
cortex was significantly greater (x,y,z 5 " 10, 54, –10,
z 5 4.29; k 5 330 voxels, x,y,z 5 46, 32, " 4, z 5 4.00;
k 5 139 voxels, respectively) (Po.001) (Figure 2).

DISCUSSION

It was found that olfactory stimulation using BPO signif-
icantly improved the sensory and reflexive motor movement
of swallowing, presumably via activation of the right insu-
lar cortex, the function of which is reported to be impaired
in patients with dysphagia. It was previously reported that
patients with depressed swallowing reflex over 5 seconds
were at high risk for the development of pneumonia.17 This
function was impaired in the present patients, suggesting
dysphagia and a high risk of pneumonia. Therefore, olfac-
tory stimulation using BPO is a possible new remedy for
treatment of elderly patients at high risk of pneumonia.

Olfactory stimulation, so called aromatherapy, is not
limited to any particular subjects, because nasal inhalation
of odorants is simple and easy for older people regardless of
their level of consciousness or physical and mental status.
Unlike the case of medication, there is no need to worry
about any side effects or about a participant’s ability to
adhere to oral instructions. Some subjects with severe

Table 1. Characteristics of Participants and Outcomes of Each Treatment in Nursing Home Patients

Characteristic
Odorless

n 5 35
Black Pepper Oil

n 5 35
Lavender Oil

n 5 35 P-value! P-valuew

Age, mean ! SD 84.5 ! 4.2 84.3 ! 7.1 86.2 ! 4.9
Sex: male:female 8:27 9:26 7:28
Activities of daily living, mean ! SD 8.4 ! 6.6 10.8 ! 6.3 9.5 ! 6.5
Mini-Mental State Examination score,
mean ! SD

12.4 ! 7.3 11.2 ! 7.7 11.2 ! 7.7

Olfactory identification, mean ! SD 2.1 ! 2.4 2.2 ! 2.0 1.7 ! 2.3
Latency of swallowing reflex, seconds,
mean ! SD

Baseline 15.8 ! 19.6 17.6 ! 21.5 14.8 ! 15.1
1 minute later 15.2 ! 17.4 6.4 ! 7.8! 13.2 ! 12.5 .03
Day 30 (dropouts) 14.4 ! 17.3 (2) 4.4 ! 2.6! (1) 13.6 ! 15.4 (2) .005 o.001

Log concentration of citric acid for cough
threshold, mean ! SD, mg/mL

Baseline 1.3 ! 0.5 1.2 ! 0.6 1.1 ! 0.5
Day 30 (dropouts) 1.3 ! 0.5 (2) 1.2 ! 0.5 (1) 1.1 ! 0.9 (2)

Serum substance P, mean ! SD, pg/mL
Baseline 34.3 ! 8.1 35.3 ! 9.0 32.9 ! 10.1
Day 30 (dropouts) 30.9 ! 8.7 (2) 40.8 ! 10.6z (1) 34.9 ! 8.4 (2) .03 .04

Number of swallows for 1 minute,
mean ! SD

Baseline 0.5 ! 0.3 0.4 ! 0.3 0.4 ! 0.5
During smell 0.5 ! 0.5 3.7 ! 2.51 0.3 ! 0.3 o.001 o.001

!Representative of the comparison between that at baseline and that 1 minute later or at Day 30.
wRepresentative of the overall group comparison.
z Significance at Po.05.
SD 5 standard deviation.
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A estimulação olfativa com OPP: 
- Melhora significativa da resposta sensorial 
- Melhora do reflexo motor da deglutição
- Redução da latência do reflexo de deglutição 

Estudo prévio:
- Redução do acúmulo em seios piriformes 
após inalação de OPP
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Sour taste and cold temperature in the oral phase of 
swallowing in patients after stroke

Sabor azedo e temperatura fria na fase oral da deglutição 
no acidente vascular encefálico

ABSTRACT

Purpose: To determine the effect of sour flavor and cold temperature on oral transit time during 

swallowing. Methods: Participants were 52 subjects (28 male and 24 female) with ages between 50 and 

80 years (median=66 years), after ischemic stroke involving right or left side damage and mild to moderate 

oropharyngeal dysphagia. Video!uoroscopy was performed to analyze the swallowing times. Each subject was 

assessed during swallowing of a paste consistency bolus offered in 5 ml spoons, with a total of four different 

stimuli (natural, cold, sour and sour-cold). After the exam, the oral transit time was measured using speci"c 

software. The oral transit time (starting at the beginning of the bolus movement in the mouth) and the total 

oral transit time (starting at the moment that the bolus is placed in the mouth) were measured. Results: The 

association between sour and cold stimuli caused a signi"cant decrease of oral transit time and total oral transit 

time. Conclusion: Sour !avor and cold temperature reduced oral transit time in stroke patients. 

RESUMO

Objetivo: Veri"car o efeito do sabor azedo e da temperatura fria no tempo de trânsito oral da deglutição. 

Métodos: Participaram deste estudo 52 indivíduos (28 do gênero masculino e 24 do gênero feminino) após 

acidente vascular encefálico isquêmico, com lesão à direita ou à esquerda e disfagia orofaríngea de grau leve 

a moderado, com idades variando de 50 a 80 anos (mediana=66 anos). Foi realizada a video!uoroscopia da 

deglutição para a análise dos tempos de deglutição. Cada indivíduo foi avaliado durante a deglutição de bolo 

na consistência pastosa, oferecido em colher com 5 ml, com quatro estímulos diferentes (natural, frio, azedo e 

azedo-frio). Após o exame foram realizadas as medidas de tempo de trânsito oral utilizando software especí"co. 

Foram mensurados o tempo de trânsito oral (a partir do início do movimento do bolo alimentar na boca) e o 

tempo de trânsito oral total (a partir do momento em que o bolo é colocado na boca). Resultados: A associação 

entre o estímulo azedo e a temperatura fria provocou mudanças signi"cavas no tempo de trânsito oral total e no 

tempo de trânsito oral, com redução nestes tempos. Conclusão: O sabor azedo e a temperatura fria associados 

apresentaram redução do tempo de trânsito oral em pacientes pós acidente vascular encefálico. 
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The times of swallowing events were analyzed by swallow-
ing video!uoroscopy. During swallowing video!uoroscopic 
assessment, the subjects remained seated in a lateral position. 
The anatomical limits visualized in video!uoroscopic images 
were: upper and lower limits from the oral cavity to the esopha-
gus, with the lips representing the anterior limit, the pharyngeal 
wall the posterior limit, the nasopharynx the upper limit, and 
the esophagus the lower limit(19).

The equipment used was a Prestilix tele-commanded seriog-
rapher, model 1600X, 1000 MA, 130 KV – GE®. Images were 
transmitted through a Sony® videomonitor, model PVM-95E. 
Exams were videotaped using a Panasonic® SVHS videocas-
sette, model AG 7400.

Each subject was observed during swallowing of a 5 mL 
spoonful of paste consistency comprising a total of four stimuli 
(natural, cold, sour and sour-cold). Paste consistency was pre-
ferred for video!uoroscopy because it is considered safer for 
subjects in this group(20). 

Patients were previously instructed to swallow naturally, 
i.e., disregarding the command to swallow, but swallowing 
naturally by placing the food in the mouth and starting to 
swallow immediately. Between one stimulus and the other, 
the patients performed spontaneous swallows following the 
stimulus. The procedure lasted, in average, 30 seconds, before 
the next stimulus was provided.

The paste consistency bolus was prepared using 4 g of 
the Thick & Easy® thickening product (Hormel Health Labs. 
USA), consisting of a combination of carbohydrates and min-
erals, containing 360 kcal/100 g, added to water (40 mL) and 
diet juice, lemon !avor (3 g). The boluses were offered at two 
temperatures, i.e., room (22°C) and cold (8°C) temperature.

De!nition of quantitatively analyzed parameters
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milliseconds between the "rst frame showing the beginning 
of the food bolus movement in the mouth and the "rst frame 
showing the proximal portion (head) of the food bolus in 
the hypopharynx, or the point where the lower margin of 
the mandible crossed the tongue base(13) (Figure 1). 

where the lower margin of the mandible crossed the tongue 
base (Figure 2).

To analyze these parameters speci"c software that provided 
the time analysis in milliseconds was used, permitting frame-
by-frame analysis of the exams in slow motion, or at conven-
tional speed(21). This software was design with functions based 
in frames removed from the video!uoroscopy exams, i.e., it 
can be used to quantify more precisely the data(21).

The exams were analyzed by two speech-language patholo-
gist examiners with the same type of education and training 
in oropharyngeal dysphagia and trained in swallowing video-
!uoroscopy for nine years. 

Figure 1. Figure illustrating the start and end times of the Oral Transit 
Time
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started at the time that the bolus is placed in the mouth, 
regardless of the onset of food bolus movement inside the 
mouth. Therefore the TOTT was de"ned as an interval in 
milliseconds between the "rst frame showing the food inside 
the oral cavity and the "rst frame showing the proximal part 
(head) of the food bolus in the hypopharynx or the point 

Figure 2. Figure illustrating the start and end times of the total oral 
transit time

 
                    

Statistical analysis

The examiners performed separate analysis of random and 
non-random sets. Since there were no differences between 
examiners, their mean values were used for statistical analysis. 

Comparative analysis between random and non-random 
sets was performed. Additionally, it was performed a compara-
tive analysis by time of occurrence of stroke.  Both analyses 
showed no difference between groups, leading to a single 
joint analysis.

Since the variables did not have normal distribution, non-
parametric analyses were made, i.e., the Friedman test was used 
for each set and later one test was applied to both.

The level of signi"cance was 5%.

RESULTS

Statistical analysis showed that the measurements made 
by the two examiners did not present difference, and that the 
groups analyzed also did not differ from each other. Therefore, 
we used the mean of the two examiners and the combination 
of both groups for statistical analysis, as shown in Table 1.

Table 1 lists the median OTT and TOTT according to 
the stimuli (natural, cold, sour and sour-cold). The sour-cold 
stimulus presented statistically shorter TOTT and OTT when 
compared to the natural stimulus.

DISCUSSION

The main result was that only combined sour-cold stimuli 
caused signi"cant changes in TOTT and OTT, as shown in 
Table 1. Regarding a cold stimulus alone, the results of our 
study were similar to those in literature, indicating that this 
bolus has no effects on swallowing behavior(14,22). 

Resultados: A associação entre o esCmulo azedo e a temperatura fria provocou mudanças significavas 
no tempo de trânsito oral total 

Conclusão: O sabor azedo e a temperatura fria associados apresentaram redução do tempo de trânsito
oral em pacientes pós acidente vascular encefálico. 
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INTRODUCTION

Human swallowing is a complex and coordinated function(1). 
Sensory information coming from food and saliva is important 
to start and modulate swallowing. Some properties of the food 
bolus, such as temperature, volume and texture, are known to 
modulate swallowing behavior by adapting biomechanical and 
temporal mechanisms(2-5). 

Swallowing dif!culty is a common de!cit in patients after 
stroke, impairing normal swallowing physiology. According 
to a study(6), the sensory de!cit is one of the main causes of 
neurogenic dysphagia in this population.

The incidence of dysphagia in post-stroke patients is high, af-
fecting 50% or more of the cases(7,8). For these patients, dysphagia 
is not only disabling because it affects their diet, nutritional and 
hydration aspects, but also because it may be the potential cause 
of serious complications, such as dehydration and aspiration 
pneumonia. These complications demonstrate the importance 
of rehabilitation and monitoring of post-stroke patients.

Delay or absence of pharyngeal phase onset, slow oral 
transit, and laryngeal penetration are strong markers of risk for 
complications subsequent to dysphagia in post-stroke patients(8). 
Some studies have observed an increase in oral phase transit(9) 
and a delay in the swallowing onset(10). 

In a recent study with post-stroke patients(11), it was observed 
that abnormal pharyngeal transit time, duration of laryngeal 
closure, and time of pharyngeal response, taken together, are the 
best predictive values of aspiration risk. The authors concluded 
that the reduction of these times, or favorable changes in these 
parameters, could reduce the aspiration risk in this population.

Taking these data into account, studies have tried to under-
stand the types of stimulation that would bene!t these patients, 
facilitating the rehabilitation of oropharyngeal swallowing.

In this context, temperature, volume and texture are known 
to modulate swallowing behavior(9,12). Other studies have tried to  
expand and deepen the investigation in this area, trying  
to understand the actual role of taste and its different intensities 
on the swallowing function(13-15). 

Taste is an important oral-sensory stimulus and sour taste, in 
particular, has been known to be able to increase pre-swallowing 
sensory inputs to the cortex and brainstem, reducing the swal-
lowing threshold response(13). When the threshold is reduced, 
a reduction in oral transit time and also a faster pharyngeal 
response are expected to occur, which may minimize the risks 
of laryngeal penetration and/or aspiration.

However, a review of the literature on dysphagia reveals 
results which are, to some extent, contradictory or inconclu-
sive. For example, according to some studies(13,16,17), sour taste 
causes favorable changes in swallowing, such as a reduction 
of time to the onset of the oral phase, reduction of the delay to 
trigger swallowing, reduction of pharyngeal transit time, and 
frequency of aspiration. However, different results were shown 
in another study(14), in which there was reduction of swallowed 
volume and swallowing rate, especially when associating cold 
and sour taste. These different results may be due to the differ-
ent methodologies applied, different sour concentrations and 
different consistencies(14).

Our hypothesis was that the increase of sensory inputs 
provided by an intense taste (sour) and cold temperature would 
lead to reduced oral transit time and onset of swallowing, due 
to facilitating bolus perception and oral control. Therefore, 
the objective of the present study was to investigate the effect 
of sour taste, cold temperature and the combination of these 
stimuli on the oral phase of swallowing in patients after uni-
lateral ischemic stroke.

METHODS

Sample

The study was conducted on 52 patients after ischemic 
stroke with right (R) and left (L) side damage and mild to mod-
erate oropharyngeal dysphagia(18). Twenty-eight were men and 
24 were women, right-handed, aged 50 to 80 years (median=66 
years, SD=11 months). Of these 52 patients, 33 patients were 
in the !rst week after stroke (1–7 days), 13 patients in the 
second week after stroke (8–14 days), and six patients in the 
two following weeks (15–30 days).

These patients were divided into two groups depending on 
the sequence of offered stimuli: Group 1 – randomly supplied 
stimuli (24 patients); Group 2 – stimuli offered in the following 
order: natural, cold, sour and cold-sour (28 patients). Group 
1 consisted of 24 subjects, 12 men and 12 women, nine with 
hemispheric lesion on the right and 15 on the left. Group 2 
consisted of 28 subjects, 16 men and 12 women, 14 with right 
side lesion and 14 with left side lesion.

The 52 patients were also divided by time of occurrence of 
stroke (ictus). The subjects were divided by week. In the !rst 
week the subjects (n=33) had an ictus from 1 to 7 days, in the 
second week the subjects (n=13) had an ictus from 8–14 days 
and the third and fourth week (n=6), the ictus were from 15 
to 30 days.

The study protocol was approved by the Research Ethics 
Committee of Medical School of Botucatu (OF. 284/2007) and 
all subjects or their legal representatives gave written informed 
consent to participate.

Patients with the following characteristics were excluded 
from the study: hemorrhagic stroke, subjects who used medica-
tion that could interfere with swallowing dynamics, subjects 
with a previous stroke history to this occurrence (stroke), im-
pairment of conscious level, and subjects with unstable general 
clinical status con!rmed by medical assessment.

Methods

All subjects in this study underwent clinical neurological 
assessment, speech clinical assessment and objective examina-
tion of swallowing (video"uoroscopy swallowing). The neuro-
logical diagnosis of ischemic stroke and cortical impairment 
was made by clinical neurological assessment and con!rmed 
by neuroimaging exams, such as computed tomography and/or 
magnetic resonance imaging. The time between the occurrence 
of the stroke and enrollment in the study ranged from one to 
30 days (median=6 days).
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Influence of Thermal and Gustatory Stimulus in the Initiation of
the Pharyngeal Swallow and Bolus Location Instroke

Ana Rita Gatto,* Paula Cristina Cola,† Roberta Gonçalves da Silva,‡
Priscila Watson Ribeiro,§ Andr!e Augusto Spadotto,§ and

Maria Aparecida de Arruda Coelho Henry,{

Introduction/Objective: The aim of this study is to analyze the influence of sour taste
and cold temperature in the initiation of the pharyngeal swallow (IPS) and bolus
location at pharyngeal swallow onset in individuals after stroke. Methods: Cross-
sectional prospective study. The study included 52 individuals with unilateral
ischemic stroke. Each individual was assessed by videofluoroscopic swallowing
study with 5ml of paste bolus offering four different stimuli (natural, cold, sour,
and sour-cold). The individuals were divided into two groups according to the offer
sequence. Group 1 (G1) ! received a randomized sequence of stimuli (24 individu-
als), and Group 2 (G2) !the stimuli were offered in the following order: natural,
cold, sour, and sour-cold(28 individuals). The IPS time and bolus location at pha-
ryngeal swallow onset were analyzed. The bolus location at pharyngeal swallow
onset was defined using six different levels. Results: Individuals in G1 did not show
a significant difference in IPS time between stimuli. However, individuals in G2
presented a significantly shorter IPS time with the sour and sour-cold stimuli than
with natural or cold stimuli. The bolus location at pharyngeal swallow onset did
not show significant difference between stimuli in both groups. On the other hand,
in the G2 it was observed higher frequency of swallowing with sour-cold stimulus
at level 1 (the bolus head was located in any region between the fauces pillar and
the point where the tongue crosses the inferior border of the mandible).
Conclusion: The sour and sour-cold stimuli influenced the IPS time when they were
offered in a sequential order. Moreover, both the IPS time and bolus location at pha-
ryngeal swallow onset were not influenced by the sour and sour cold-bolus when
offered in a random sequence.
Key Words: Sour taste—Cold temperature—Deglutition disorders—Deglutition—
Stroke
© 2020 Published by Elsevier Inc.

Introduction

The quantitative analysis of the swallowing video-
fluoroscopic study has been used since the early 80`s.
Through this evaluation, it is possible to understand the
normal temporal measures of swallowing events and the
impact of these disorders to predictive risk in different
swallowing abnormalities.1!10

The temporal measurement of the swallowing events is
an important parameter for the clinician in assessing swal-
lowing. The pharyngeal transit time, initiation of the pha-
ryngeal swallow and laryngeal closure duration are
predictive features of aspiration.7 Studies postulate that
remediation of these features should help reduce post
stroke aspiration and, consequently, reduce broncho pul-
monary complications.7
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52 pctes pós AVC
Avaliados VDF – analisou início da fase farígea (IFF)
5ml pastoso 4 diferentes estímulos
G1 randomizado
G2 natural, gelado, azedo e azedo gelado
G1 não apresentaram diferença no IFF
G2 apresentaram uma redução significativa no tempo 
de IFF com o azedo e azedo gelado
G2 aumento na frequência da deglutição com o 
azedo gelado no nivel1 da VDF

CONCLUSÃO: Os estímulos azedo e 
azedo-frio influenciaram o tempo do IFF 
quando foram oferecidos em ordem 
sequencial.
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INDEPENDÊNCIA ALIMENTAR
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4) Fortalecimento Muscular

RECURSOS TERAPÊUTICOS
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Bulbo:
- Anterior
- Posterior

10 repe4ções
3x/dia

3 dias/semana
8 semanas

RESULTADOS:
- Maior abertura do EES
- Aumento da excursão anterior da laringe
- Redução da aspiração após a deglutição
- Aumento da pressão da deglutição

the sets differing by 5% or less to account for natural variabil-
ity. Subjects exercised with a goal of 60% of the baseline
maximum pressure for the first week of the program and 80%
of the maximum pressure for the remaining 7 weeks. Each
subject’s maximum pressure was remeasured at the end of
weeks 2, 4, 6, and 8, and the 80% exercise target was recal-
culated accordingly (table 2).

Data Collection
Data were collected at baseline (preintervention), week 4,

and week 8 (postintervention).

Lingual Strength: Oral Pressure Sensor Instrumentation
and Placement

Maximum isometric pressure. Lingual strength was mea-
sured via oral pressures generated against the IOPI air-filled
bulb during an isometric resistance task. As performed during
the exercise protocol, anterior and posterior tongue strength
were measured with the IOPI bulb. Subjects were seated up-
right and asked to “press your tongue against the IOPI bulb as
hard as possible.” Two sets of 3 trials of maximum perfor-
mance were collected for each tongue location.

Swallowing pressure. Lingual strength used for swallow-
ing was measured via oral pressures generated during natural
swallows performed for the videofluoroscopic swallow study.
Pressures were obtained by using 3 air-filled bulbs (diameter,
13mm; spacing, 8mm) mounted on a silica strip. The strip was
adhered longitudinally to the hard palate at midline with

Stomahesive,b with the anterior bulb positioned at the alveolar
ridge and the posterior bulb at the approximate junction of the
hard and soft palates (fig 2). The bulbs were connected to a
transducer suspended from the neck by a strap. Pressure data
were sampled at a temporal resolution of .004 seconds (250Hz)
and time linked to videofluoroscopic swallowing images by
using the KayPentax Digital Swallowing Workstation.c Swal-
lowing pressures were collected on a subset of 7 subjects (see
table 1). One chronic stroke subject was unable to tolerate the
3-bulb array secondary to a hypersensitive gag reflex, and
swallowing pressure data from 2 additional subjects did not
record properly because of equipment malfunction.

Bolus flow parameters: videofluoroscopic swallow stud-
ies. Videofluoroscopy was performed in the lateral view with
the camera focused on the lips anteriorly, the pharyngeal wall
posteriorly, the hard palate superiorly, and just below the upper
esophageal sphincter (UES) inferiorly. At each of the 3 intervals
(baseline, week 4, week 8) each subject performed a total of 11
swallows comprising 4 randomized bolus types: 3 swallows each
of 3mL thin liquid, 10mL thin liquid, and 3mL semisolid and 2
effortful swallows of 3mL thin liquid. If a subject showed aspi-
ration on 2 consecutive trials of a bolus condition, the condition
was stopped and the next bolus condition in the randomization
schedule was presented. Therefore, not all subjects completed the
entire set of 11 swallows at each data-collection point (table 3). All
3-mL boluses were presented to participants via a spoon, and
10-mL boluses were administered via a catheter-tip syringe. Dur-
ing effortful swallow trials subjects were instructed to “swallow as
hard as you can.” Thin liquid boluses were Varibar Thin Liquidd

(4 centipoise [cP] measured at a shear rate of 30s!1), and semi-
solid boluses were Varibar puddingd (5000cP measured at a shear
rate of 30s!1). Varying bolus conditions were selected in light of
the literature, which suggests that bolus volume and texture may
modify the biomechanics, and hence the safety, of the swallow in
some people.17,19,20 Furthermore, effortful swallowing21 was se-
lected to examine whether lingual exercise has the potential to
enhance one’s ability to perform compensatory strategies that use
greater lingual pressure generation than natural swallowing.

Magnetic resonance imaging. High-resolution anatomic
images progressing from the anterior incisors to the posterior
epiglottis were obtained by using a 1.5T GE magnetic imaging
scanner (Signa LX)e and an 8-channel head coil. Coronal

Fig 2. Positioning of 3-bulb array of pressure sensors for measuring
swallowing pressures.

Table 2: Exercise Target Value Calculation Schedule

Time Point Exercise Target Value

Beginning of week 1 60% of baseline max
Beginning of week 2 80% of baseline max
End of week 2 Recalculate max; 80% of new max
End of week 4 Recalculate max; 80% of new max
End of week 6 Recalculate max; 80% of new max
End of week 8 Recalculate max for postintervention

data collection

Table 3: Number of Subjects Completing and Swallows
Completed During 3 Trials of Each Bolus Condition

No. of Subjects
Completing 3 Trials of
Each Bolus Condition Baseline Week 4 Week 8

Total Possible
Subjects

3mL effortful 5 9 10 10
10mL liquid 4 7 10 10
3mL semisolid 7 8 9 10
3mL liquid 5 8 10 10
Total subjects

completing all trials 4 7 9 10

No. of Swallows
Completed for Each Bolus

Condition Baseline Week 4 Week 8
Total Possible

Swallows

3mL effortful 13 20 20 20
10mL liquid 17 26 30 30
3mL semisolid 23 28 29 30
3mL liquid 22 30 30 30
Total performed

swallows 88 104 109 110

152 TONGUE EXERCISE AND SWALLOWING IN STROKE, Robbins

Arch Phys Med Rehabil Vol 88, February 2007
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The influence of training variables on lingual strength
and swallowing in adults with and without dysphagia
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Abstract

Background Swallowing disorders (dysphagia) occur in a large proportion of individuals over the age of 60. The improvement
of tongue strength by resistance exercise is postulated to be directly related to lingual-palatal pressure generation and bolus
propulsion into the pharynx during swallowing. To the best of our knowledge, however, there is no evidence-based discussion
evaluating the strength training variables of the tongue for improving tongue strength maximally.
Methods To solve this problem, we reviewed the relationships between different resistance training variables (i.e. training
period, intensity, duration of muscle contraction, volume, and frequency) and the change in muscle strength in the lingual
muscle.
Results Our findings show that tongue strength training may improve anterior and posterior tongue strength in both healthy
adults and patients with dysphagia. Anterior and posterior tongue strength gradually increased and did not reach a plateau
after at least 8 weeks of training. Data for other variables were insufficient to draw clear conclusions. Available data suggest
that a training intensity of 60–100% of maximum tongue strength, a contraction time of 2–3 s, a total number of 90–120 rep-
etitions per day, and a training frequency of three times per week appears to result in an improvement in maximal isometric
tongue elevation strength in adults with and without dysphagia.
Conclusions Future studies are warranted to better determine if there are dose–response relationships in tongue strength
training in healthy adults and patients with dysphagia.
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Introduction

It is estimated that swallowing disorders (dysphagia) occur in
up to 40% of individuals over the age of 60.1 Because the
older population continues to grow, it is expected that
age-related dysphagia will become clinically more prevalent.
Treatment for dysphagia is usually rehabilitative (i.e. restora-
tion of normal swallow function) or compensatory (i.e. mod-
ifications to diet consistency and patient behaviour) in
approach. Over the past 20 years, there has been a growing

interest in improving tongue (i.e. lingual) strength and func-
tion through progressive resistance exercise of the lingual
muscles with the aim of improving swallowing performance
in individuals with and without dysphagia.2 The improvement
of tongue elevation strength by resistance exercise is postu-
lated to be directly related to lingual-palatal pressure genera-
tion and bolus propulsion into the pharynx during
swallowing.3 Some studies would suggest that increased lin-
gual pressure during swallowing also occurs as a result of
tongue strength training.4,5 Changes in tongue strength and
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Intensidade de treinamento de 60 a 100% da força máxima da língua
Tempo de contração de 2 a 3 segundos
90 a 120 repetições/dia
Frequência 3x/semana 

A força A. e P. da língua aumentou gradualmente e não atingiu um platô após pelo menos 8 semanas de treinamento
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Imagem retirada da internet

Isométrico:

60 seg. 3x
Isotônico:

30 x

1x/dia

5 dias/semana
4 semanas

Avaliaçao VDF

Pré e pós

3 pacientes:

TTD +

RESULTADO:

- Redução de 2 pontos na PAS
- Confirma que o exercício de contra-resitencia mandibular é efetivo 
na redução da aspiração  
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Abstract For patients with dysphagia resulting from
upper esophageal sphincter dysfunction, strengthening the

suprahyoid muscles through therapeutic exercise has

proved effective in restoring oral feeding. The aim of this
study was to compare the maximum and mean surface

electromyography (sEMG) activity of the suprahyoid

muscles during the Chin Tuck Against Resistance (CTAR)
exercise and the Shaker exercise for both isokinetic and

isometric tasks. During the CTAR exercises, the participant

is seated while tucking the chin to compress an inflatable
rubber ball, whereas during the Shaker exercise, the par-

ticipant is lay supine while lifting the head to look at the

feet. Forty healthy participants (20 males, 20 females) aged
21–39 years completed all four tasks in counterbalanced

order, with measures of resting activation taken prior to

each exercise. Although subjective feedback suggested that
the sitting position for CTAR is less strenuous than the

supine position for Shaker, the results of separate analyses

showed significantly greater maximum sEMG values dur-
ing the CTAR isokinetic and isometric exercises than

during the equivalent Shaker exercises, and significantly
greater mean sEMG values were observed for the CTAR

isometric exercise than for the Shaker isometric exercise.

Clinical trials are now needed, but the CTAR exercises

appear effective in exercising the suprahyoid muscles, and
they could achieve therapeutic effects comparable to those

of Shaker exercises, with the potential for greater compli-

ance by patients.

Keywords Deglutition disorders ! Deglutition !
Dysphagia exercises ! Surface electromyography

For patients with pharyngeal dysphagia involving incom-

plete upper esophageal sphincter (UES) opening, thera-

peutic exercises to strengthen the muscles that help open
the UES can improve swallowing ability. The suprahyoid

group of muscles facilitates opening the UES [1, 2]. The

participation of this muscle group is enhanced by per-
forming head lifts in a supine position [3] with the patient

instructed to look at their toes. This exercise is commonly

known as the Shaker exercise.
Shaker exercise consists of sustained head lifts (iso-

metric) and successive head lifts (isokinetic), performed by

the patient three times a day while in the supine position
[4]. Exercising the suprahyoid muscles is the main goal of

the Shaker exercise [4]. The contraction of the suprahyoid
muscles contributes to the upward and forward movement

of the larynx and hyoid bone, resulting in opening of the

UES [5]. The strong correlation between the activation of
the suprahyoid muscles and the superior–anterior move-

ment of the hyoid bone [6] supports the mechanical role of

the suprahyoid muscles in elevating the hyoid and opening
the UES. The Shaker exercise was developed to strengthen

the suprahyoid muscles and thereby help increase the

opening of the UES [2, 7]. Strengthening the suprahyoid
muscles by performing the Shaker exercise has been found

to be effective in restoring oral feeding in patients with

pharyngeal dysphagia due to incomplete UES opening [4].
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the suprahyoid muscles and thereby help increase the

opening of the UES [2, 7]. Strengthening the suprahyoid
muscles by performing the Shaker exercise has been found

to be effective in restoring oral feeding in patients with

pharyngeal dysphagia due to incomplete UES opening [4].

W. L. Yoon (&) ! J. K. P. Khoo ! S. J. Rickard Liow
Division of Graduate Medical Studies, Yong Loo Lin School of
Medicine, National University of Singapore, MD5, Level 3, 12
Medical Drive, Singapore 117598, Singapore
e-mail: entywl@nus.edu.sg; speechtherapyworks@gmail.com

J. K. P. Khoo
e-mail: jason.khoo@alumni.nus.edu.sg

S. J. Rickard Liow
e-mail: entsrl@nus.edu.sg

123

Dysphagia

DOI 10.1007/s00455-013-9502-9

procedure ended with an oromotor examination. This was
followed by a brief explanation of the four exercise tasks

and a short demonstration of the CTAR exercise and the

Shaker exercise by the experimenter.
Every participant performed one trial for each of the

four exercise tasks: (1) CTAR isometric, (2) CTAR isoki-

netic, (3) Shaker isometric, and (4) Shaker isokinetic. A
5-min rest period was provided between the tasks. The

mean and the maximum sEMG resting baselines were

recorded prior to each exercise. The participants were also
asked if they felt any discomfort before proceeding with

the next trial. The isometric task was performed for a total

of 10 s while the isokinetic task was 10 successive repe-
titions. The 10 s duration and the 10 repetitions were

adapted from the study by Yoshida et al. [10]. Ten seconds

is enough time to obtain a stable sEMG measurement
during the utilization of the suprahyoid muscles for com-

parison purposes, but it minimizes the possibility of undue

muscle fatigue that might affect the performance of sub-
sequent tasks. The participants were reminded to breathe

and to keep their mouths closed during the Shaker exercise

[8] and the CTAR exercise.
For the Shaker exercise, the participants laid flat on their

back (supine position) on an exercise mat (a 5-mm-thick

‘‘yoga’’ foam mat) to perform two tasks: (1) lift and hold
the head up for 10 s (isometric), and (2) lift the head ten

times successively (isokinetic). The experimenter counted

aloud each completed head lift. The participants were
reminded to lift the head high enough such that they could

see their own feet without raising their shoulders. For the

CTAR exercise, the participants were seated on a chair
with their back upright to perform two tasks: (1) squeeze

the rubber ball that was placed between the chin and the

manubrium sterni by tucking the chin as hard as possible
and sustaining it for 10 s (isometric), and (2) squeeze the

rubber ball by tucking the chin as hard as possible ten

successive times (isokinetic). The experimenter counted

aloud each completed chin tuck. The participants were

allowed to use one hand to keep the ball in position during
the exercise. Also, they were reminded to keep their

shoulders stationary and to keep the chin in contact with

the ball throughout the exercise (Fig. 1). The same inflat-
able rubber ball, *12 cm in diameter, was used by all

participants.

Subjective Feedback

After a 5-min rest after completion of all four exercise

tasks, each participant was then asked verbally which of

the two exercises was less strenuous, and their binary
responses were recorded in the final section of the health

questionnaire.

sEMG Data Collection

The sEMG data were collected using the MyoTrac InfinitiTM

(Thought Technology Limited, Montreal, QC, Canada)

encoder during all the exercise tasks. After cleaning the skin

surface of the suprahyoid region with an alcohol swab, a
single-use electrode patch (T3402M EMG TriodeTM Elec-

trode, Thought Technology Limited) with adhesive backing

was attached to each participant’s suprahyoid region (area
between the chin and hyoid bone). Conductive electrode gel

(signa gel!, Parker Laboratories Inc., Fairfield, NJ, USA)

was used to improve conduction. Each electrode patch
contained three electrodes (two active and one reference) in a

triangular configuration and was connected to the encoder

via an EMG extender cable (T8710M, Thought Technology
Limited). The two active electrodes were positioned such

that they were aligned along the midline (sagittal plane) of

the suprahyoid area.
The recorded sEMG data were analyzed offline. For

each exercise task, the onset and offset representing the

effort by the participant for each exercise task were iden-
tified and the signals in-between were analyzed to obtain

the mean and maximum values for each participant. For the

isometric task, the onset was defined as the point where the
sEMG signal began to level off (after it had risen), and the

offset was the point before the sEMG signal dropped rap-

idly to baseline level. For the isokinetic task, the onset was
the point at baseline level just before the sEMG signal

began to rise rapidly at the start of the first repetition, and

the offset was the point where the sEMG signal reached
baseline level at the end of the tenth repetition. There were

two sEMG measures per exercise task: mean and maxi-

mum sEMG values. These two sEMG values were depicted
in microvolt root mean square (lVRMS) and obtained using

the statistics function in the software provided with the

encoder (BioGraph Infiniti, Thought Technologies Lim-
ited). A total of eight sEMG measures (mean and

Fig. 1 Example of the CTAR exercise with the electrodes patch
attached. a At rest position. b Chin tuck to compress a rubber ball

W. L. Yoon et al.: CTAR vs. Shaker Exercise
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Comparar a atividade dos músculos supra-hióideos na 
eletromiografia durante o CTAR e o Shaker para tarefas 
isocinéticas (10x) e isométricas (10 seg.)

CTAR à Menor fadiga e valores EMG significativamente 
maiores durante os exercícios isocinéticos e isométricos
- Potencial para maior adesão dos pacientes

12 cm diâmetro
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EFFECTS OF GAME-BASED CHIN TUCK AGAINST RESISTANCE EXERCISE VS 
HEAD-LIFT EXERCISE IN PATIENTS WITH DYSPHAGIA AFTER STROKE: AN 
ASSESSOR-BLIND, RANDOMIZED CONTROLLED TRIAL
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LAY ABSTRACT
This study compared the effects of game-based Chin 
Tuck against resistance exercise and traditional head-
lift exercise on swallowing function and compliance of 
patients with dysphagia after stroke. There was no sig-
QL¿FDQW�GLIIHUHQFH�EHWZHHQ�WKH���H[HUFLVHV�LQ�WHUPV�RI�
YLGHRÀXRURVFRSLF� G\VSKDJLD� VFDOH�� SHQHWUDWLRQ�DVSLUD-
tion scale and functional oral intake scale, suggesting 
that both therapeutic methods have similar effects in 
patients with dysphagia after stroke. However, on com-
paring the compliance of the 2 exercises, it was found 
that game-based Chin Tuck against resistance exercise 
is not only more interesting and exciting than head-lift 
exercise, but also less physically demanding. Therefo-
re, these results suggest that game-based Chin Tuck 
against resistance exercise is less restrictive for patients 
with post-stroke dysphagia and is a therapeutic exercise 
that provides enjoyment and excitement.

Objective: To compare the effects of game-based 
Chin Tuck against resistance exercise and head-lift 
exercise on swallowing function and compliance of 
patients with dysphagia after stroke.
Patients and methods: A total of 37 patients with 
stroke were randomly assigned to 2 groups. The 
experimental group performed game-based chin 
tuck against resistance exercise, whereas the con-
trol group performed traditional head-lift exercise. 
7KH� YLGHRÀXRURVFRSLF� G\VSKDJLD� VFDOH� �9'6�� DQG�
SHQHWUDWLRQ�DVSLUDWLRQ� VFDOH� �3$6�� ZHUH� XVHG� WR�
evaluate swallowing function. In addition, the func-
WLRQDO�RUDO�LQWDNH�VFDOH��)2,6��ZDV�XVHG�IRU�GLHWDU\�
DVVHVVPHQW��)LQDOO\��WKH�QXPHULFDO�UDWLQJ�VHOI�UHSRUW�
VFDOH� ZDV� XVHG� WR� DVVHVV� FRPSOLDQFH� �PRWLYDWLRQ��
interest/enjoyment, physical effort needed, muscle 
IDWLJXH��ZLWK�WKH���H[HUFLVHV�
Results:�$IWHU�LQWHUYHQWLRQ��WKHUH�ZDV�QR�VLJQL¿FDQW�
GLIIHUHQFH� LQ� 9'6�� 3$6�� DQG� )2,6� EHWZHHQ� WKH� ��
groups. Comparing the compliance with the 2 exer-
cises, the scores for motivation and interest/enjoy-
PHQW�LWHPV�ZHUH�VLJQL¿FDQWO\�KLJKHU��DQG�WKH�VFRUHV�
for physical effort needed and muscle fatigue were 
VLJQL¿FDQWO\� ORZHU�� LQ� WKH�H[SHULPHQWDO�JURXS�WKDQ�
in the control group.
Conclusion: Game-based Chin Tuck against Resis-
tance exercise not only has a similar effect to head-
lift exercise on swallowing function of patients with 
dysphagia, but is also a less strict and more enjoy-
able and interesting method. 

Key words: VWURNH��G\VSKDJLD��YLGHRÀXRURVFRSLF�VZDOORZLQJ�
study; head-lift exercise; Chin Tuck against resistance; game.
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The submental muscles are a group of muscles 
located between the hyoid bones just under the 

jaw, which include the geniohyoid, mylohyoid, and 
digastric muscles (1). During swallowing, contrac-
tion of these muscles pulls the hyoid and larynx 
upwards, resulting in normal swallowing (2). Train-
ing to strengthen the submental muscles is therefore 

important for safe swallowing in elderly individuals or 
patients with stroke who are susceptible to swallowing 
problems, such as airway aspiration (3).

Head-lift exercise (HLE), also called Shaker exer-
cise, is a representative dysphagia treatment aimed at 
strengthening the submental muscles. While the patient 
is in the supine position they are asked to repeatedly 
lift their head and maintain a head-lift position for a 
VSHFL¿F�WLPH������3UHYLRXV�VWXGLHV�KDYH�VKRZQ�WKDW�+/(�
is effective in activating the submental muscles, which 
reduces airway aspiration and helps open the upper 
oesophageal sphincter in patients with dysphagia after 
VWURNH���±����7KXV��LQ�FOLQLFDO�SUDFWLFH��+/(�LV�XVHG�WR�
improve swallowing function in patients with dysphagia.

Nonetheless, HLE is a very challenging exercise and 
LV�WKHUHIRUH�GLI¿FXOW�WR�SHUIRUP��*LYHQ�WKDW�+/(�DIIHFWV�
not only the submental muscles of the target muscle, 
but also the sternocleidomastoid muscle, it causes a 
high level of fatigue of the neck and results in discom-
fort, muscle aches, and temporary pain (7, 8). This, in 
turn, negatively affects performance compliance, and 
participants may fail to complete the exercise protocol, 
resulting in drop-out. 

Several studies have reported on Chin Tuck against 
resistance exercise (CTAR) as an alternative to over-
FRPH�WKH�OLPLWDWLRQV�RI�+/(���±�����8QOLNH�LQ�+/(��

Comparar os efeitos do CTAR baseado em jogos, com o levantamento de cabeça (Shaker) em 
pacientes disfágicos pós AVC

37 pacientes pós AVC randomizados:
- CTAR com jogo eletrônico + TTD
- Shaker + TTD

Avaliados: VDF, PAS, FOIS e Escala numérica de auto-relato de classificação (motivação, 
interesse/prazer, esforço físico necessário, fadiga muscular)
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751Effects of game-based exercise for dysphagia after stroke

Outcome measures

7KLV�VWXG\�XVHG�WKH�YLGHRÀXRURVFRSLF�G\VSKDJLD�VFDOH��9'6���
SHQHWUDWLRQ�DVSLUDWLRQ�VFDOH� �3$6��DQG�IXQFWLRQDO�RUDO� LQWDNH�
VFDOH��)2,6��EDVHG�RQ�9)66�WR�HYDOXDWH�VZDOORZLQJ�IXQFWLRQ�
and oral diet. Aspiration or penetration only in liquid type was 
HYDOXDWHG�LQ�DOO�VWXG\�SDUWLFLSDQWV��WKXV��9)66�ZDV�HYDOXDWHG�
only in the liquid type using milk. In addition, the effects of 

the 2 exercises were examined in terms of motivation, interest/
enjoyment, physical effort needed, and muscle fatigue, using 
D���WR����QXPHULFDO�UDWLQJ�VHOI�UHSRUW�VFDOH�DQG�GURS�RXW�UDWLR�
7KH�9'6�LV�D�FRPSUHKHQVLYH�VZDOORZLQJ�DVVHVVPHQW�EDVHG�

RQ�WKH�9)66�¿QGLQJV��7KH�9'6�LV�GLYLGHG�LQWR�WKH�RUDO�SKDVH����
items: lip closure, bolus formation, tongue-to-palate contact, mas-
tication, apraxia, premature bolus loss, and oral transit time) and 
the pharyngeal phase (7 items: pharyngeal triggering, vallecular 
residues, pyriform sinus residues, laryngeal elevation, pharyngeal 
ZDOO�FRDWLQJ��SKDU\QJHDO�WUDQVLW�WLPH��DQG�DVSLUDWLRQ��������
7KH�3$6�LV�DQ���SRLQW�REVHUYDWLRQDO�VFDOH�XVHG�WR�PHDVXUH�

the severity of airway aspiration, with higher levels of airway 
DVSLUDWLRQ�LQGLFDWLQJ�KLJKHU�DVSLUDWLRQ�VHYHULW\��3HQHWUDWLRQ�LV�
GH¿QHG�DV�WKH�SDVVDJH�RI�PDWHULDO�LQWR�WKH�ODU\Q[��ZKLFK�GRHV�
not pass below the vocal folds, whereas aspiration refers to the 
action of material penetrating into the larynx and entering into 
WKH�DLUZD\�EHORZ�WKH�WUXH�YRFDO�IROGV�������

)LJ�����Game-based Chin Tuck against Resistance exercise. 

)LJ�����Head-lift exercise.

Table I. Protocol of 2 exercise programmes for dysphagia 

rehabilitation

Exercise 

type

Game-based Chin Tuck against 

Resistance exercise Head-lift exercise

Isotonic Patient performs 30 consecutive 

repetitions by strongly pressing 

against the resistance of the 

device and releasing it again 

In the same supine position 

the patient performs 30 

consecutive repetitions of head 

raising, without sustaining the 

lifted position.

Isometric Patient performs chin tuck 

against device 3 times for 60 s 

with no repetition.

In the supine position the 

patient performs head raise up 

3 times, and looks at their toes 

for 60 s without lifting their 

shoulder from the ground 

J Rehabil Med 51, 2019
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751Effects of game-based exercise for dysphagia after stroke

Outcome measures

7KLV�VWXG\�XVHG�WKH�YLGHRÀXRURVFRSLF�G\VSKDJLD�VFDOH��9'6���
SHQHWUDWLRQ�DVSLUDWLRQ�VFDOH� �3$6��DQG�IXQFWLRQDO�RUDO� LQWDNH�
VFDOH��)2,6��EDVHG�RQ�9)66�WR�HYDOXDWH�VZDOORZLQJ�IXQFWLRQ�
and oral diet. Aspiration or penetration only in liquid type was 
HYDOXDWHG�LQ�DOO�VWXG\�SDUWLFLSDQWV��WKXV��9)66�ZDV�HYDOXDWHG�
only in the liquid type using milk. In addition, the effects of 

the 2 exercises were examined in terms of motivation, interest/
enjoyment, physical effort needed, and muscle fatigue, using 
D���WR����QXPHULFDO�UDWLQJ�VHOI�UHSRUW�VFDOH�DQG�GURS�RXW�UDWLR�
7KH�9'6�LV�D�FRPSUHKHQVLYH�VZDOORZLQJ�DVVHVVPHQW�EDVHG�

RQ�WKH�9)66�¿QGLQJV��7KH�9'6�LV�GLYLGHG�LQWR�WKH�RUDO�SKDVH����
items: lip closure, bolus formation, tongue-to-palate contact, mas-
tication, apraxia, premature bolus loss, and oral transit time) and 
the pharyngeal phase (7 items: pharyngeal triggering, vallecular 
residues, pyriform sinus residues, laryngeal elevation, pharyngeal 
ZDOO�FRDWLQJ��SKDU\QJHDO�WUDQVLW�WLPH��DQG�DVSLUDWLRQ��������
7KH�3$6�LV�DQ���SRLQW�REVHUYDWLRQDO�VFDOH�XVHG�WR�PHDVXUH�

the severity of airway aspiration, with higher levels of airway 
DVSLUDWLRQ�LQGLFDWLQJ�KLJKHU�DVSLUDWLRQ�VHYHULW\��3HQHWUDWLRQ�LV�
GH¿QHG�DV�WKH�SDVVDJH�RI�PDWHULDO�LQWR�WKH�ODU\Q[��ZKLFK�GRHV�
not pass below the vocal folds, whereas aspiration refers to the 
action of material penetrating into the larynx and entering into 
WKH�DLUZD\�EHORZ�WKH�WUXH�YRFDO�IROGV�������

)LJ�����Game-based Chin Tuck against Resistance exercise. 

)LJ�����Head-lift exercise.

Table I. Protocol of 2 exercise programmes for dysphagia 

rehabilitation

Exercise 

type

Game-based Chin Tuck against 

Resistance exercise Head-lift exercise

Isotonic Patient performs 30 consecutive 

repetitions by strongly pressing 

against the resistance of the 

device and releasing it again 

In the same supine position 

the patient performs 30 

consecutive repetitions of head 

raising, without sustaining the 

lifted position.

Isometric Patient performs chin tuck 

against device 3 times for 60 s 

with no repetition.

In the supine position the 

patient performs head raise up 

3 times, and looks at their toes 

for 60 s without lifting their 

shoulder from the ground 
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Outcome measures

7KLV�VWXG\�XVHG�WKH�YLGHRÀXRURVFRSLF�G\VSKDJLD�VFDOH��9'6���
SHQHWUDWLRQ�DVSLUDWLRQ�VFDOH� �3$6��DQG�IXQFWLRQDO�RUDO� LQWDNH�
VFDOH��)2,6��EDVHG�RQ�9)66�WR�HYDOXDWH�VZDOORZLQJ�IXQFWLRQ�
and oral diet. Aspiration or penetration only in liquid type was 
HYDOXDWHG�LQ�DOO�VWXG\�SDUWLFLSDQWV��WKXV��9)66�ZDV�HYDOXDWHG�
only in the liquid type using milk. In addition, the effects of 

the 2 exercises were examined in terms of motivation, interest/
enjoyment, physical effort needed, and muscle fatigue, using 
D���WR����QXPHULFDO�UDWLQJ�VHOI�UHSRUW�VFDOH�DQG�GURS�RXW�UDWLR�
7KH�9'6�LV�D�FRPSUHKHQVLYH�VZDOORZLQJ�DVVHVVPHQW�EDVHG�

RQ�WKH�9)66�¿QGLQJV��7KH�9'6�LV�GLYLGHG�LQWR�WKH�RUDO�SKDVH����
items: lip closure, bolus formation, tongue-to-palate contact, mas-
tication, apraxia, premature bolus loss, and oral transit time) and 
the pharyngeal phase (7 items: pharyngeal triggering, vallecular 
residues, pyriform sinus residues, laryngeal elevation, pharyngeal 
ZDOO�FRDWLQJ��SKDU\QJHDO�WUDQVLW�WLPH��DQG�DVSLUDWLRQ��������
7KH�3$6�LV�DQ���SRLQW�REVHUYDWLRQDO�VFDOH�XVHG�WR�PHDVXUH�

the severity of airway aspiration, with higher levels of airway 
DVSLUDWLRQ�LQGLFDWLQJ�KLJKHU�DVSLUDWLRQ�VHYHULW\��3HQHWUDWLRQ�LV�
GH¿QHG�DV�WKH�SDVVDJH�RI�PDWHULDO�LQWR�WKH�ODU\Q[��ZKLFK�GRHV�
not pass below the vocal folds, whereas aspiration refers to the 
action of material penetrating into the larynx and entering into 
WKH�DLUZD\�EHORZ�WKH�WUXH�YRFDO�IROGV�������

)LJ�����Game-based Chin Tuck against Resistance exercise. 

)LJ�����Head-lift exercise.

Table I. Protocol of 2 exercise programmes for dysphagia 

rehabilitation

Exercise 

type

Game-based Chin Tuck against 

Resistance exercise Head-lift exercise

Isotonic Patient performs 30 consecutive 

repetitions by strongly pressing 

against the resistance of the 

device and releasing it again 

In the same supine position 

the patient performs 30 

consecutive repetitions of head 

raising, without sustaining the 

lifted position.

Isometric Patient performs chin tuck 

against device 3 times for 60 s 

with no repetition.

In the supine position the 

patient performs head raise up 

3 times, and looks at their toes 

for 60 s without lifting their 

shoulder from the ground 

J Rehabil Med 51, 2019

30 repetições 
consecutivas 

pressionando fortemente

30 repetições 
consecutivas de 

elevação da cabeça

3x/ 60 segundos 3x/ 60 segundos
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CTAR à Efeito semelhante ao exercício de elevação da cabeça na função de deglu^ção 
Menos rigoroso, mais agradável e com maior adesão.

CTAR à motivação e interesse/prazer 
significativamente maiores 

à esforço físico e fadiga 
muscular significativamente menores
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753Effects of game-based exercise for dysphagia after stroke

Numerical rating self-report scale
The experimental group had higher scores in the mo-
tivation and interest/enjoyment items than the control 
group (p ����������EXW�WKH�VFRUHV�LQ�WKH�SK\VLFDO�HIIRUW�
QHHGHG� DQG�PXVFOH� IDWLJXH� LWHPV�ZHUH� VLJQL¿FDQWO\�
lower (p ����������)LJ�����

DISCUSSION

This study compared the effects of gbCTAR exercise 
and HLE on swallowing function and compliance in 
patients with dysphagia after stroke. Both methods re-
VXOWHG�LQ�VLJQL¿FDQW�LPSURYHPHQW�LQ�VZDOORZLQJ�IXQF�

WLRQ��EXW�WKHUH�ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�
the 2 groups. This suggests that gbCTAR exercise and 
HLE have similar effects in patients with dysphagia. 

The goal of submental muscle strengthening in patients 
with dysphagia is the same in both gbCTAR exercise and 
HLE, although they differ in terms of performance. These 
2 exercise methods, through strengthening of the submen-
tal muscles, are known to induce physiological changes 
in the muscle, such as muscle thickness or strength. 
3K\VLRORJLFDO�FKDQJHV�LQ�WKH�VXEPHQWDO�PXVFOHV�WKURXJK�
UHVLVWDQFH�H[HUFLVH��H�J��&7$5�RU�+/(��SURGXFH�VXI¿FLHQW�
muscle contractility during swallowing, which directly 
contributes to kinematic effects, such as increased move-
ment of the hyolaryngeal complex. This, in turn, affects 
airway protection through effective epiglottis tilting and 
swallowing function effects, such as increased opening 
RI�WKH�XSSHU�HVRSKDJHDO�VSKLQFWHU��3UHYLRXV�VWXGLHV�KDYH�
reported improvements in swallowing performance in the 
pharyngeal phase with decreasing aspiration in patients 
ZLWK�G\VSKDJLD�DIWHU�VWURNH�IRU�ERWK�&7$5�DQG�+/(�����
��������ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�UHVXOWV�RI�WKH�FXUUHQW�
study. Both exercises are therapeutic methods for impro-
ving the swallowing function of patients with dysphagia, 
and their therapeutic effects are the same.

The greatest advantage of incorporating 
games into rehabilitation is to encourage 
participation by inducing enjoyment and 
excitement for patients (18). In particular, 
it is important to induce more active parti-
cipation by motivating patients and piquing 
their interest in resistance training, which 
requires a lot of physical effort. Li et al. 
(12) reported that task-oriented repetition 
and patient motivation play an important 
role in stroke rehabilitation, and that inte-
rest, challenge, reward and competition, 
especially through games, can increase 
motivation to participate in rehabilitation. 
Therefore, this study assessed the effects 
of the 2 exercises in terms of motivation, 
enjoyment/interest, physical effort needed, 
and pain/fatigue during rehabilitation 
WUDLQLQJ�XVLQJ� WKH��±���QXPHULFDO� UDWLQJ�

Table III. Changes in parameters before and after treatment

Experimental group Control group

Comparison between 
groups after intervention

Pre-
Mean (SD)

Post-
Mean (SD)

Within-group
p-value

Pre-
Mean (SD)

Post-
Mean (SD)

Within-group
p-value

9LGHRÀXRURVFRSLF�G\VSKDJLD�VFDOH
Oral phase 11.35 (1.96) 9.52 (1.84) < 0.001* 10.75 (1.89) 9.15 (1.12) < 0.001* 0.443
Pharyngeal phase 40.45 (2.77) 32.22 (4.35) < 0.001* 38.57 (3.41) 30.75 (5.15) < 0.001* 0.335
Total score 51.80 (3.40) 41.75 (4.71) < 0.001* 49.32 (4.10) 39.90 (5.44) < 0.001* 0.258

Penetration-aspiration scale 4.60 (0.88) 3.30 (0.73) < 0.001* 4.85 (0.93) 3.85 (1.08) < 0.001* 0.069
Functional oral intake scale 3.45 (0.82) 4.70 (1.21) < 0.001* 3.25 (0.78) 4.10 (1.33) < 0.001* 0.403

*p < 0.05 by paired t-test. 
SD: standard deviation.

)LJ�����Numerical rating self-report scale (motivation, enjoyment/interest, physical 
effort needed, and muscle fatigue). 
†p < 0.001.

7DEOH�,9�Comparison of the differences after the 4-week treatment 
in the 2 groups

Experimental group
Mean (SD)

Control group
Mean (SD) p-value

9LGHRÀXRURVFRSLF�G\VSKDJLD�VFDOH
Oral phase –1.82 (1.35) –1.60 (1.51) 0.624
Pharyngeal phase –8.22 (2.90) –7.82 (3.34) 0.689
Total score –10.05 (2.76) –9.42 (3.80) 0.556

Penetration-aspiration scale –1.30 (0.73) –1.05 (0.99) 0.403
Functional oral intake scale 1.25 (0.91) 0.85 (0.98) 0.191

SD: standard deviation.
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Numerical rating self-report scale
The experimental group had higher scores in the mo-
tivation and interest/enjoyment items than the control 
group (p ����������EXW�WKH�VFRUHV�LQ�WKH�SK\VLFDO�HIIRUW�
QHHGHG� DQG�PXVFOH� IDWLJXH� LWHPV�ZHUH� VLJQL¿FDQWO\�
lower (p ����������)LJ�����

DISCUSSION
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VXOWHG�LQ�VLJQL¿FDQW�LPSURYHPHQW�LQ�VZDOORZLQJ�IXQF�

WLRQ��EXW�WKHUH�ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�
the 2 groups. This suggests that gbCTAR exercise and 
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3K\VLRORJLFDO�FKDQJHV�LQ�WKH�VXEPHQWDO�PXVFOHV�WKURXJK�
UHVLVWDQFH�H[HUFLVH��H�J��&7$5�RU�+/(��SURGXFH�VXI¿FLHQW�
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RI�WKH�XSSHU�HVRSKDJHDO�VSKLQFWHU��3UHYLRXV�VWXGLHV�KDYH�
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ZLWK�G\VSKDJLD�DIWHU�VWURNH�IRU�ERWK�&7$5�DQG�+/(�����
��������ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�UHVXOWV�RI�WKH�FXUUHQW�
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WUDLQLQJ�XVLQJ� WKH��±���QXPHULFDO� UDWLQJ�
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2 grupos: 
- melhora significativa nas fases 
oral e faríngea
- VDF, PAS e FOIS –> não houve 
diferença significativa  entre os 2 
grupos. 

CONCLUSÃO:
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Abstract
Suprahyoid muscle activation and tongue pressure force play a critical role for swallowing function. In addition, dysphagia 
limit is one of most important factors indicating swallowing efficiency. The purpose of this study was to compare the effects 
of 8-week training sessions of three different exercises including chin tuck against resistance (CTAR), Shaker exercises and 
chin tuck exercise with theraband on suprahyoid muscle activity, anterior tongue pressure and dysphagia limit in healthy 
subjects. Thirty-six healthy volunteers aged between 18 and 40 years who scored below 3 points from Turkish version of 
Eating Assessment Tool (T-EAT-10) were included in the study, and all participants were divided into three groups randomly. 
Maximal suprahyoid muscle activations and dysphagia limit of participants were assessed by superficial electromyography. 
CTAR and chin tuck exercise with theraband increased the maximum suprahyoid muscle activation (p1 = 0.004, p2 = 0.018), 
whereas Shaker exercise did not increase maximal suprahyoid muscle activation (p = 0.507) after exercise training. CTAR and 
chin tuck exercise with theraband increased tongue pressure (p1 = 0.045, p2 = 0.041), while Shaker exercise did not increase 
anterior tongue pressure (p = 0.248). There was no statistically significant difference in dysphagia limits in three groups 
between before and after exercise training (p > 0.05). As a result, although CTAR seems to be the most effective exercise 
in most parameters, chin tuck exercise with theraband can also be used as an alternative to CTAR to improve suprahyoid 
muscle activity and tongue pressure.

Keywords Deglutition · Deglutition disorders · Exercise training · Electromyography

Introduction

Swallowing function necessitates effective food transi-
tion from the oral cavity to stomach and airway protection. 
Airway protection is the key component for safe swallow-
ing. Problems in airway protection cause serious problems 
including aspiration pneumonia, malnutrition, dehydration 
and even death [1]. Impaired laryngeal elevation is usually 
the underlying cause of inadequate airway protection. The 
suprahyoid muscles are primarily responsible for laryngeal 
elevation. Therefore, insufficient contraction of these mus-
cles can result in laryngeal elevation problems, which is a 
threatening for airway protection [2].

Shaker exercises are the first exercise developed for 
suprahyoid muscles [3]. This exercise, which is character-
ized by patient’s head raising in the supine position, has 
been accepted as one of the most basic exercises of dys-
phagia rehabilitation for many years. Then, the chin tuck 
against resistance (CTAR) exercise was developed due to 
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used to compare intergroup differences. The Mann–Whitney 
U test was used for the Bonferroni correction.

Results

Thirty-six healthy participants who aged between 18 
and 40 years were included in the study, of which 50% 
were male. Each group included 12 participants, and the 
male–female ratio was equal in all groups. The descriptive 
information is shown in Table 1. No difference was found 
in terms of descriptive characteristics of the participants 
between groups (p > 0.05). There was no statistically differ-
ence between baseline maximum suprahyoid muscle acti-
vation, dysphagia limit and anterior tongue pressure in all 
groups (p10.067, p20.317, p3 0.367).

Maximum EMG Suprahyoid Muscle Activation

The maximum suprahyoid muscle activation changes in 
three groups before and after exercise training are shown 
in Table 2. Changes in maximum suprahyoid EMG mus-
cle activity in CTAR and theraband group between pre- 
and post-exercise training were statistically significant 
(p1 = 0.004, p3 = 0.018). No statistically significant differ-
ence was shown in Shaker group (p = 0.507). Comparison 
of maximum suprahyoid muscle activation changes in three 
groups is shown in Table 3. Statistically difference was 
found between three groups in terms of maximum suprahy-
oid muscle activity before and after exercise (p < 0.001). 
Pairwise comparisons of three groups are shown in Table 4.

Fig. 2  Chin tuck with theraband exercise

Table 1  Characteristics of the 
participants

Kruskal–Wallis test
SD standard deviation

CTAR group mean ± SD Shaker group mean ± SD Thera-
band group 
mean ± SD

χ2 p

Age (years) 28.75 ± 5.17 26.72 ± 3.95 28.25 ± 5.78 0.778 0.678
Height (cm) 168.69 ± 7.26 169.18 ± 10.12 171.16 ± 6.46 4.324 0.115
Weight (kg) 64.07 ± 16.07 62.81 ± 14.62 74.75 ± 16.09 1.117 0.572

Table 2  Changes in maximum 
suprahyoid muscle activations 
before and after exercise 
training

SD standard deviation
* p < 0.05, Wilcoxon test

Maximum EMG suprahy-
oid muscle activation (mV)

Before training mean ± SD After training mean ± SD Z p

CTAR group 197.59 ± 71.80 275.65 ± 84.53  − 2.903 0.004*
Shaker group 240.11 ± 104.09 243.81 ± 121.01  − 0507 0.507
Theraband group 130.09 ± 35.79 171.46 ± 35.17  − 2.336 0.018*

Isometria 60 seg./3x
Isotonia 30x

3 séries
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Dysphagia Limit

There was no difference in all groups before and after exer-
cise (p1 = 0.162, p2 = 0.102, p3 = 0.257).

Anterior Tongue Pressure

Changes in the maximum anterior tongue pressure in groups 
before and after exercise training are shown in Table 5. 
There was a significant difference in terms of maximum 
anterior tongue pressure changes between before and after 
training in the CTAR and theraband group (p1 = 0.041, 
p3 = 0.045). There was no improvement in Shaker group 
(p = 0.248). There was no difference in terms of maximum 
anterior tongue pressure difference between three groups 
(p = 0.853).

Discussion

In the current study, the CTAR and theraband group showed 
an increase in maximum suprahyoid muscle activation and 
tongue pressure, whereas there was no change in Shaker 

group. No improvement was determined in dysphagia limit 
in three groups after exercise program.

Similar to our study results, it was reported that CTAR 
exercises activated suprahyoid muscles more than Shaker 
exercises [4, 5]. In a study by Watts et al., it was reported 
that Shaker exercise caused a lower level of suprahyoid 
muscle activation than a resistant mouth-opening exercise 
[12]. There are also studies showing that Shaker exercise 
increases muscle activation in superficial cervical flexor 
muscles rather than suprahyoid muscle [4, 5, 13]. It has been 
reported that the Shaker exercise protocol leads to/cause 
muscular fatigue and the patient group is able to complete 
only average of 50% of isometric components of this pro-
tocol [14]. Studies on the therapeutic effects of exercises to 
increase suprahyoid muscle function are very limited. In one 
of these studies, Gao et al. showed that CTAR exercise on 
patients with cerebral infarction was more effective in pro-
tecting the airway than Shaker exercise. The most important 
factor in this difference is thought to be more effective on 
suprahyoid muscles that play a key role in airway protection 
compared to Shaker exercise [13].

While CTAR and theraband exercises are performed in 
sitting position, Shaker exercises are performed in supine 
position with lifting head against gravity. This positional dif-
ference creates various biomechanical changes. For activa-
tion of the suprahyoid muscle group and deep cervical flexor 
muscles such as longus colli and longus capitis, cervical 
movement should occur in the occiput: C1–C2 segments. 
This movement is called craniocervical flexion. Cervical 
flexion is performed by sternocleidomastoid (SCM) and 
anterior scalar muscle, which are more superficial mus-
cles, and it occurs in middle and lower cervical segments 
[15–17]. While lifting head and looking at toes movements 
in Shaker exercise include cervical flexion, movements in 

Table 3  Comparison of maximum suprahyoid muscle activation changes in three groups

SD standard deviation, Δ difference of pre–post-exercise training
* p < 0.05, Kruskal–Wallis test

CTAR group Δ mean ± SD Shaker group Δ mean ± SD Theraband group Δ mean ± SD χ2 p

Maximum suprahyoid muscle acti-
vation difference (mV) Δ

78.05 ± 60.33 3.70 ± 5.16 32.36 ± 15.83 8.649  < 0.001*

Table 4  Pairwise comparisons of groups on maximum suprahyoid 
muscle activity difference

* p < 0.017, Mann–Whitney U test

p value CTAR group Shaker group Theraband group

CTAR group  < 0.001* 0.128
Shaker group < 0.001* 0.016*
Theraband group 0.128 0.016*

Table 5  Changes in the 
maximum anterior tongue 
pressure in groups before and 
after exercise training

SD standard deviation, Δ difference of pre–post-exercise training
* p < 0.05, Wilcoxon test

Tongue pressure (kPa) Before training 
mean ± SD

After training mean ± SD Z p

CTAR group 50.88 ± 10.38 56.50 ± 6.90  − 2.041 0.041*
Shaker group 57.72 ± 10.04 62.14 ± 11.42  − 1.156 0.248
Theraband group 54.00 ± 10.24 59.71 ± 10.01  − 2.003 0.045*
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Effects of resistance expiratory muscle
strength training in elderly patients
with dysphagic stroke
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Abstract.
BACKGROUND: Recently, resistance expiratory muscle strength training (EMST) has been reported as a remedial treatment
for dysphagia.
OBJECTIVE: To investigate the effect of resistance EMST on the swallowing function in stroke patients with oropharyngeal
dysphagia.
METHODS: Forty-two stroke patients with dysphagia were randomly assigned to two groups: an experimental group (n = 13)
and a placebo group (n = 13). The experimental group performed EMST using a portable EMST device, while the placebo
group performed EMST using a sham EMST device with no loading. The intervention was performed 5 days per week for
4weeks, in five sets of 5 breaths through the device for a total of 25 breaths per day. Both groups underwent conventional
dysphagia treatment for 30 minutes/day, 5 days/week, for 4 weeks. Videofluoroscopic dysphagia scale (VDS) and penetration-
aspiration scale (PAS) based on a videofluoroscopic swallowing study (VFSS) were assessed to analyze the oropharyngeal
swallowing function.
RESULTS: The experimental group showed more improvement in pharyngeal phase of the VDS (p = 0.018 and 0.006,
respectively) and PAS compared to the placebo group (p = 0.014).
CONCLUSIONS: We suggest that EMST could improve the effects of dysphagia observed in post-stroke elderly patients
based on swallowing function.

Keywords: Aspiration, dysphagia, expiratory muscle strength training, subacute stroke

1. Introduction

Expiratory muscle strength training (EMST) has
been reported as a novel remedial strategy for dys-
phagia (Park, Oh, Chang, & Kim, 2016; Pitts, Bolser,

∗Address for correspondence: Ji-Su Park, Department of Reha-
bilitation Science, Graduate School of Inje University, 197
Inje-ro, Gimhae, Gyeongsangnam-do, 621-749, Republic of
Korea. Tel.: +82 55 320 3685; Fax: +82 55 326 4885; E-mail:
jisu627@hanmail.net.

Rosenbek, Troche, Okun, & Sapienza, 2009). EMST
contributes to both ventilatory and non-ventilatory
functions, such as coughing, speaking, and swallow-
ing (Kim & Sapienza, 2005). The respiratory system
and the swallowing process share various anatomical
structures and are both responsible for airway protec-
tion (Pitts, Morris, Lindsey, Davenport, Poliacek, &
Bolser, 2012). Several studies reported that among the
muscles involved in swallowing, the suprahyoid mus-
cles are activated during EMST, and this activation

1053-8135/17/$35.00 © 2017 – IOS Press and the authors. All rights reserved

à Melhora na fase faríngea da VDS e PAS em comparação ao grupo placebo 

à Diferenças significativas na atividade muscular supra-hióidea, melhora na PAS para líquidos e 
para FOIS

Effects of expiratory muscle strength training on
oropharyngeal dysphagia in subacute stroke patients: a
randomised controlled trial

J. S . PARK*, D. H. OH † , M. Y. CHANG ‡ & K. M. KIM ‡
*Department of Rehabilitation Science, Grad-

uate school, Inje University, Gimhae,†Department of Occupational Therapy, Kyung-dong University, Gangwon-do, and ‡Department of

Occupational Therapy, College of Biomedical Science and Engineering, Inje University, Gimhae, Korea

SUMMARY Expiratory muscle strength training

(EMST) involves forcible blowing as a means of

generating high expiratory pressure, against

adjustable resistance. EMST has recently been

introduced as a potential treatment for dysphagia.

This study was performed to investigate the effects

of EMST on the activity of suprahyoid muscles,

aspiration and dietary stages in stroke patients with

dysphagia. Twenty-seven stroke patients with

dysphagia were randomly divided into two groups.

The experimental group performed EMST with a

70% threshold value of maximal expiratory

pressure, using an EMST device, 5 days a week for

4 weeks. The placebo group trained with a sham

device. The EMST regime involved 5 sets of 5 breaths

through the EMST device for a total of 25 breaths

per day. Activity in the suprahyoid muscle group

was measured using surface electromyography

(sEMG). Further, the penetration–aspiration scale

(PAS) was used to assess the results of the

videofluoroscopic swallowing study (VFSS). In

addition, dietary stages were evaluated using the

Functional Oral Intake Scale (FOIS). The

experimental group exhibited improved suprahyoid

muscle group activity and PAS results, when

compared to the placebo group. Following

intervention, statistical analysis indicated significant

differences in measured suprahyoid muscle activity

(P = 0!01), liquid PAS outcomes (P = 0!03) and FOIS

results (P = 0!06), but not semisolid type PAS

outcomes (P = 0!32), between the groups. This study

confirms EMST as an effective treatment for the

development of suprahyoid muscle activity in

stroke patients with dysphagia. Additionally,

improvements in aspiration and penetration

outcomes were observed.

KEYWORDS: aspiration, dysphagia, expiratory muscle

strength training, stroke, suprahyoid muscles
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Introduction

Swallowing is a complex motor process, consisting

of three phases: oral, pharyngeal and oesophageal

(1). Dysphasia is a generic term used to refer to

problems occurring during passage between the

stomach and mouth, which may be caused by

various pathologies, such as neurogenic stroke or

non-neurogenic ageing (2). Dysphagia is common

following a stroke, affecting 45–65% of patients suf-

fering from acute stroke (3).

The symptoms of dysphagia manifest in various

ways. Dysphagia may pose oral phase problems such

as a decrease in masticatory function, bolus forma-

tion and manipulation, as well as pharyngeal phase

problems such as decreased hyoid bone movement,

pharyngeal residues and aspiration/penetration (4).

Such problems may lead to complications such as

© 2016 John Wiley & Sons Ltd doi: 10.1111/joor.12382

Journal of Oral Rehabilitation 2016 43; 364–372
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5
0 RECURSOS TERAPÊUTICOS

- Eletromiografia/ Sonar Doppler (DeglutiSom – Dra Rosane Sampaio)
- Avalia os sons da deglutição
- Biofeedback: monitora a dinâmica da deglutição e facilita o auto 

ajuste
- Melhora o efeito terapêutico

5) Outros recursos terapêuticos - Biofeedback
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5) Outros recursos terapêu6cos - Taping

���������ȱ�ě����ȱ��ȱ������ȱ������ȱ��ȱ���ȱ 
��������ȱ��ȱ���ȱ�¢���ȱ����ȱ���ȱ������Ĵ��ȱ������ȱ
� ���� ���ȱ�¢ȱ������ȱ��������ȱ ���ȱ�¢�������

Seo Yoon Heo1), KYeong Mi KiM2)*

1) Department of Rehabilitation Science, Graduate School of Inje University, Republic of Korea
2) Department of Occupational Therapy, College of Biomedical Science and Engineering, Inje  

University: 197 Inje-ro, Gimhae-si, Gyeongsangnam-do 621-749, Republic of Korea

Abstract. [Purpose] The purpose of this study was to identify the effects of Kinesio Taping (KT) on the swallow-

ing function of stroke patients. [Subjects and Methods] Twenty-two stroke patients were randomly assigned to two 

groups; an experimental group which received KT, and a control group which received no taping intervention. Two-

dimensional kinematic analysis was used to determine the displacement of the hyoid bone and the angular variation 

of the epiglottis using human anatomy-based coordinates. The functional dysphagia scale (FDS) was determined 

E\�D�YLGHRÀXRURVFRSLF�VWXG\��9)66���>5HVXOWV@�7KH�H[SHULPHQWDO�JURXS�SUHVHQWHG�VWDWLVWLFDOO\�VLJQL¿FDQW�LPSURYH-

ments in kinematic changes of the vertical excursion of the hyoid bone and epiglottal rotation. [Conclusion] Clinical 

use of KT for dysphagia patients should be considered as a treatment approach. In future research, more subjects 

and more diverse patterns should be studied to accumulate further evidence.

Key words:  Kinesio Taping, Stroke, Dysphagia

(This article was submitted Jun. 23, 2015, and was accepted Jul. 31, 2015)

INTRODUCTION

Stroke-induced dysphagia mostly causes pneumonia or 

dehydration and these symptoms can lead to other severe 

complications, or even death1, 2). Stroke patients with dys-

phagia have been treated with high priority within stroke 

care, and many kinds of interventions for dysphagia have 

been studied3). Sensory stimulation, thermotherapy, position 

change techniques, bio-feedback, maneuvers, neuromuscu-

lar electrical stimulation therapy, and surgical approaches 

are being used as the preferred methods for dysphagia 

interventions4).

0RVW� VWXGLHV� KDYH� LGHQWL¿HG� GH¿FLHQFLHV� LQ� G\VSKDJLD�
treatments, with the exception of neuromuscular electrical 

stimulation therapy5). However, neuromuscular electrical 

stimulation therapy (TENS) remains controversial, due to the 

IDFW�WKDW�WKH�PXVFXODU�HIIHFW�FRXOG�EH�MXVW�D�UHÀH[�WULJJHUHG�
by electric stimulation6). TENS has many contraindications 

DQG�WKHUH�LV�VWLOO�LQVXI¿FLHQW�HYLGHQFH�RI�XVH7). Practitioners 

have been demonstrating other evidence-based treatments 

which have no side effects and are safe for treating dyspha-

gia, but conventional methods continue to be used8).

Kinesio Taping (KT) is a well-known clinical procedure 

which is widely used to treat various neuromuscular symp-

toms. In according to Kase et al.9)��.7�DOORZV�PRUH�HI¿FLHQW�
EORRG� FLUFXODWLRQ�� O\PSK� DEVRUSWLRQ� DQG� MRLQW� ¿[DWLRQ�� $�
previous study showed that KT application with proper 

tension could reduce pain, and improve the range of motion 

�520��DQG�SURSULRFHSWLRQ10). In spite of these advantages, 

no clinical trials using KT have yet been performed with 

stroke patients suffering from dysphagia. It is important to 

the adequate therapeutic method in novel clinical uses.

The main focus of this study was to conduct a kinematic 

analysis of the effects of KT on the movement of the hyoid 

bone and the epiglottis of stroke patients with dysphagia. 

The authors also used the functional dysphagia scale (FDS) 

to evaluate the effect of KT in a real swallowing situation.

SUBJECTS AND METHODS

Twenty-two subjects diagnosed as having dysphagia 

due to stroke participated in this study. The patients were 

hospitalized in a rehabilitation ward and were scheduled for 

YLGHRÀXRURVFRSLF�VWXG\��9)66��HYHU\�PRQWK��7KH�VXEMHFWV�
were 13 males (mean age, 59.0 years; range, 54–78 years) 

and 9 females (mean age, 61.0 years; range, 51–73 years). 

The subjects were hemorrhagic (8 patients) and infarction 

(14 patients), and the duration of onset (month) was within 3 

months for all of the subjects. When the patients entered the 

9)66�URRP��WKH\�ZHUH�UDQGRPO\�DOORFDWHG�IRU�UDGLRJUDSKLF�
inspection with KT or without KT (NKT) by drawing lots. If 

a patients chose KT, he or she was treated with KT and then 

9)66�ZDV�FRQGXFWHG��7KH�WDSLQJ�ZDV�DSSOLHG�WR�WKH�H[WHUQDO�
laryngeal muscles (digastric posterior bellies, mylohyoid and 

J. Phys. Ther. Sci. 
27: 3355–3357, 2015
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CLINICAL
REHABILITATION

The effects of surface 
neuromuscular electrical  
stimulation on post-stroke 
dysphagia: a systemic review  
and meta-analysis

Yi-Wen Chen1, Kwang-Hwa Chang1,2, Hung-Chou Chen3, 
Wen-Miin Liang4, Ya-Hui Wang1 and Yen-Nung Lin1,2

Abstract
Objective: In this study, we intended to evaluate whether swallow treatment with neuromuscular 
electrical stimulation is superior to that without neuromuscular electrical stimulation, and whether 
neuromuscular electrical stimulation alone is superior to swallow therapy.
Methods: We searched the PubMed and Scopus databases from their earliest record to 31 December 
2014 for randomized and quasi-randomized controlled trials that used neuromuscular electrical stimulation 
to treat post-stroke dysphagia. The Jadad scale was used to assess the quality of the included studies. 
We extracted the mean differences and standard deviation (SD) between baseline and posttreatment or 
posttreatment mean and SD for selected outcomes measured in the experimental and control groups for 
subsequent meta-analyses.
Results: Eight studies were identified. For the comparison “swallow treatment with neuromuscular 
electrical stimulation vs. swallow treatment without neuromuscular electrical stimulation,” we found a 
significant standardized mean difference (SMD) of 1.27 (95% confidence interval (CI) = 0.51–2.02, P = 0.001) 
with significant heterogeneity (I2 = 85%). The meta-analysis for the comparison of neuromuscular electrical 
stimulation alone and swallow therapy demonstrated a non-significant SMD of 0.25 (95% CI = –0.16–0.65, 
P = 0.23) without significant heterogeneity (I2 = 16%).
Conclusion: Swallow treatment with neuromuscular electrical stimulation seems to be more effective than 
that without neuromuscular electrical stimulation for post-stroke dysphagia in the short term considering 
the limited number of studies available. Evidence was insufficient to indicate that neuromuscular electrical 
stimulation alone was superior to swallow therapy.
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- Média de 10 a 20 sessões de ENMS
- Se mostrou efetiva tanto nas fases 
aguda/subaguda e crônica pós AVC

- O Tratamento para disfagia pós AVC pode ser 
mais efetivo quando associado à ENMS

- Não existem evidencias que comprovem que a 
ENMS isolada é superior à TTD

Journal of

Clinical Medicine

Review

E↵ectiveness of Di↵erent Application Parameters of
Neuromuscular Electrical Stimulation for the
Treatment of Dysphagia after a Stroke: A
Systematic Review
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Abstract: Background: Dysphagia causes severe complications among people with a stroke.
Physiotherapy allows the cure of this pathology, and among the tools it o↵ers is neuromuscular
electrical stimulation. However, this is a technique that has not been protocolized. Therefore, it
was considered necessary to carry out a systematic review on the e�cacy of the various parameters
of application of the neuromuscular electrical stimulation in dysphagia generated after a stroke.
Methods: A systematic search for publications was conducted in March 2020 in the Pubmed, Cinahl,
Medline, Web of Science and Scopus databases, using as search terms: Electric stimulation therapy,
Deglutition disorders and Stroke. Results: 21 articles were obtained in which the application of
neuromuscular electrical stimulation was applied in isolation (n = 7) or in combination with other
techniques such as strengthening exercises and manual therapy techniques (n = 14), with this second
modality of treatment having greater benefits for patients. Conclusion: The greatest e�cacy of this
technique is reached when applied at 60-80 Hz, 700 µs of pulse duration, at the motor intensity
threshold and in sessions of 20–30 min.

Keywords: deglutition; stroke; electric stimulation; neurology; physical therapy modalities

1. Introduction

Dysphagia (DP) is a condition characterised by the loss of swallowing function [1], due to the
alteration of the oral route and of the pharyngeal and esopharyngeal phases [2], hindering or impeding
the passage of the alimentary bolus from the mouth to the stomach [3,4]. It can be caused by di↵erent
disorders, such as a↵ectations of the central nervous system (e.g., strokes or Parkinson’s disease),
structural alterations (as a consequence of cranial surgical interventions or laryngectomies) [5] or motor
disorders (which block the coordination of muscular actions) [3,4].

DP a↵ects 13% of people over 65 years of age and approximately 33% of people over 80 years
of age [6], although it has a prevalence of 55% after a stroke [7]. The most common complications
associated with this disorder are: su↵ocation, aspiration pneumonia, malnutrition and decreased
physical activity; these must be addressed with special care and individually [8–10]. In turn, these
complications are frequently associated with weight loss, low body mass index and aggravation
of age-related sarcopenia [11]. All this leads to e↵ects on the quality of life and the decreased
survival of DP patients, associated with an increase in the socio-economic (due to the frequent need
of hospitalisation) [12], human (due to the need of the patients to be attended to by carers) [13] and
psychological burden (due to the emotional load and decreased independence of the patients) [13].

J. Clin. Med. 2020, 9, 2618; doi:10.3390/jcm9082618 www.mdpi.com/journal/jcm

60-80 Hz
700 μs de duração de pulso
sessões de 20-30 min.

5) Outros recursos terapêuticos - EE
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the most effective NMES electrode placement for the treatment 
of post-stroke dysphagia by NMES combined with effortful 
swallowing training.

METHODS
31 patients with post-stroke dysphagia were enrolled for this 
study, which was conducted at the Department of Rehabilitation 
Medicine, Kyungpook National University Hospital, Daegu, 
South Korea, between 1 January 2016 and 30 September 2017. 
1DA� EJ?HQOEKJ� ?NEPANE=�SANAġ� OPNKGA� ?KJłNIA@� KJ� ?KILQPA@�
tomography or magnetic resonance imaging; post-stroke 
@UOLD=CE=� ?KJłNIA@� KJ� RE@AKŃQKNKO?KLE?� OS=HHKSEJC� OPQ@U�
Ġ3#00
Ģ�=J@�OQBł?EAJP�H=JCQ=CA�=J@�?KCJEPERA�BQJ?PEKJ�PK�LANBKNI�
effortful swallowing training. The exclusion criteria were: other 
neurologic diseases and medical condition(s) that represented 
a contraindication to NMES, such as cardiac pacemaker and 
epilepsy. This research was approved by the institutional review 
board of Kyungpook National University Hospital (approval no. 
KNUMC_15-1021). All patients included in the study provided 
informed consent prior to participation.

This study was designed as a single-blind, randomised 
controlled trial with a blinded observer. A computer-generated 
randomisation sequence and an automated assignment system 
were used for allocation. 31 patients with post-stroke dysphagia 
were randomly allocated into the three groups according to NMES 
electrode placements. In Group A, one pair of electrodes was 
attached on the suprahyoid muscles horizontally just above both 
ends of the hyoid bone based on palpation of the hyoid bone. 
A second pair of electrodes was attached horizontally on the 
infrahyoid muscles inferior to the hyoid bone for these patients. 
&J�$NKQL��� PDA�A@CA�KB� PDA�DUKE@�>KJA�S=O�łNOP�@APA?PA@�>U�
palpation and one pair of electrodes attached on the suprahyoid 
muscles horizontally just above both ends of the hyoid bone. The 
other pair of electrodes was attached vertically on the infrahyoid 
muscles at the midline inferior to the hyoid bone for these patients. 
In Group C, all electrodes were attached vertically along the 
IE@HEJA�=BPAN�RANEBUEJC�PDA�PDUNKE@�JKP?D�>U�L=HL=PEKJ��1DA�łNOP�
electrode was placed across the hyoid bone above the thyroid 

notch and the second electrode was placed immediately superior 
PK�PDA�łNOP��1DA�PDEN@�AHA?PNK@A�S=O�LH=?A@�EJBANEKN�PK�PDA�PDUNKE@�
cartilage and the fourth electrode was placed directly inferior 
to the third (Fig. 1). The NMES electrodes were applied by an 
experienced occupational therapist for all patients.

The electrical stimulation unit (VitalStim®; Chattanooga 
Group, Hixson, TN, USA) used in this study provided a pulse rate 
of 80 Hz, with biphasic pulse duration of 300 µs. The amplitude 
of the electric current (range 0–25 µA) could be adjusted 
independently for each of the two stimulation channels. The 
skin in the submental and laryngeal regions was cleaned using a 
sterile alcohol swab, and two pairs of bipolar surface electrodes 
were attached. After placing the electrodes on the patient’s neck, 
stimulation intensity for each pair of electrodes was increased in 
increments of 0.5 µA until the patient reported feeling a tingling 
sensation. Then, the stimulation intensity for each channel was 
increased until muscle contraction was visible.

The patients performed effortful swallowing training 
OEIQHP=JAKQOHU�SEPD�+*"0��0LA?Eł?=HHU�L=PEAJPO�SANA�NALA=PA@HU�
asked to forcefully swallow their saliva every ten seconds during 
stimulation in order to elevate the hyolaryngeal complex, followed 
by a ten-second rest period. Each intervention session lasted 
���IEJQPAO�=J@�łRA�OAOOEKJO�SANA�LANBKNIA@�SAAGHU�BKN�BKQN�SAAGO�

The effect of NMES electrode placement was assessed in terms 
of the Functional Dysphagia Scale (FDS) and Dysphagia Outcome 
and Severity Scale (DOSS) scores. The FDS is a 100-point scale 
evaluating the oral (FDS-O) and pharyngeal (FDS-P) phases of 
swallowing. The components of FDS-O are lip closure, bolus 
formation, residue in the oral cavity and oral transit time. The 
components of FDS-P are triggering of pharyngeal swallow, 
laryngeal elevation and epiglottic closure, nasal penetration, 
residue in the valleculae, residue in the pyriform sinuses, coating 
of the pharyngeal wall after swallowing, and pharyngeal transit 
time.(18) The DOSS is a simple seven-point scale that evaluates 
the level of independence, tolerated diet consistency and extent 
of nutritional restrictions.(19)

VFSS was performed to evaluate dysphagia at baseline and 
after the intervention. While seated, each patient was asked 

Hyoid

Thyroid

Cricoid

Hyoid

Thyroid

Cricoid

Hyoid

Thyroid

Cricoid

Fig. 1 Image shows the placement of neuromuscular electrical stimulation electrodes, with patients being randomised into three groups based on 
positioning of electrodes on the muscles above and below the hyoid bone, (a) Group A, (b) Group B and (c) Group C.
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INTRODUCTION
Swallowing dysfunction, or dysphagia, is known to occur in up 
to 76% of stroke patients. Patients with post-stroke dysphagia 
develop complications, such as malnutrition, dehydration and 
pneumonia, which can delay functional recovery. Pneumonia 
accounts for at least 10% of post-stroke deaths within 30 days 
of hospitalisation for stroke.(1-4) Therefore, early detection and 
treatment of dysphagia is crucial for recovery.

Conventional dysphagia treatment consists of oropharyngeal 
exercises, compensation manoeuvres and oropharyngeal 
stimulation.(5) Singh and Hamdy recommended that standard 
treatment for post-stroke dysphagia includes compensatory 
manoeuvres, such as postural adjustment, Mendelsohn 
manoeuvre, supraglottic swallowing and effortful swallowing.(6) 
�IKJC� PDAOA� ABBKNPBQH� OS=HHKSEJC�S=O� ODKSJ� PK� OECJEł?=JPHU�
decrease the residue in the oral cavity, increase oral pressure 
and improve hyoid bone elevation during swallowing in healthy 
adults.(7)

Recent studies have reported that stimulating the pharyngeal 
muscles using neuromuscular electrical stimulation (NMES) was 
effective for improving swallowing function.(8-10) By stimulating 
the mylohyoid, geniohyoid and thyrohyoid muscles, Burnett et al 
achieved laryngeal elevation in healthy volunteers.(8) Leelamanit 
et al reported that synchronised electrical stimulation of the 

thyrohyoid muscle during swallowing has a therapeutic effect in 
patients with dysphagia.(9) A retrospective study of NMES reported 
PD=P�+*"0�PDAN=LU�=LLA=NA@�PK�>A�>AJAł?E=H�BKN�L=PEAJPO�SEPD�
mild-to-moderate dysphagia.(10)

In previous studies on the effect of NMES therapy for post-
stroke dysphagia, the following three therapeutic methods, 
according to NMES placement, were most commonly used.(10-16) 
Firstly, two pairs of electrodes were attached horizontally on 
the suprahyoid and infrahyoid muscles.(10-12) Secondly, one 
pair of electrodes was attached horizontally on the suprahyoid 
muscles while the other was attached vertically on the infrahyoid 
muscles.(10,13,14) Lastly, two pairs of electrodes were attached 
vertically above the hyoid bone and cricoid cartilage.(10,15,16) 
However, there is no clinical consensus on which NMES electrode 
placement is most effective for dysphagia therapy.

Therapeutic methods that combine NMES with effortful 
swallowing training have been proven to be beneficial for 
swallowing function improvement.(17) In the present study, 
SA�DULKPDAOEOA@� PD=P� AHA?PNK@A�LH=?AIAJP�I=U� EJŃQAJ?A� PDA�
therapeutic effect of NMES combined with effortful swallowing 
in patients with post-stroke dysphagia. The study was designed 
to apply the therapeutic methods that combined NMES with 
effortful swallowing training with the three most commonly used 
placements of electrodes. The study objective was to determine 

Optimal placement of electrodes for treatment of 
post-stroke dysphagia by neuromuscular electrical 
stimulation combined with effortful swallowing

Jae-Won Huh1,2, MD, Eunhee Park1,3, MD, PhD, Yu-Sun Min1,3, MD, Ae Ryoung Kim1,2, MD, Won-Jong Yang1,3, MD, 
Hyun-Min Oh1,2, MD, Tae-Woo Nam1,3, MD, Tae-Du Jung1,3, MD, PhD

INTRODUCTION We aimed to determine the optimal placement of electrodes for neuromuscular electrical stimulation 
(NMES) for post-stroke dysphagia therapy.
METHODS 31 patients with post-stroke dysphagia were randomised to three groups according to NMES electrode 
placement. In Group A (n = 10), two pairs of electrodes were attached horizontally on the suprahyoid and infrahyoid 
muscles. In Group B (n = 11), one pair of electrodes was attached horizontally on the suprahyoid muscles while the other 
was attached vertically on the infrahyoid muscles. In Group C (n = 10), the electrodes were attached vertically, with one 
pair above the hyoid bone and the other above the cricoid cartilage. All patients received rehabilitation treatment via NMES 
combined with effortful swallowing training five times weekly for four weeks. The effect of NMES electrode placement was 
assessed in terms of the Functional Dysphagia Scale (FDS) and Dysphagia Outcome and Severity Scale (DOSS) scores.
RESULTS Group A showed significantly greater improvement than Group B in overall FDS (p = 0.009) and pharyngeal-
phase FDS (FDS-P; p = 0.005) scores. Group A also showed significant improvement when compared with Group C in 
overall FDS (p = 0.001) and FDS-P (p = 0.001) scores.
CONCLUSION Horizontal placement of the NMES electrodes on the suprahyoid and infrahyoid muscles for the treatment 
of post-stroke dysphagia by NMES combined with effortful swallowing was more effective than the horizontal and vertical 
placement of electrodes on the suprahyoid and infrahyoid muscles, respectively, and their vertical placement above the 
hyoid bone and cricoid cartilage.

Keywords: deglutition disorder, dysphagia, electrical stimulation, stroke
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Photobiomodulation therapy for the improvement of muscular
performance and reduction of muscular fatigue associated
with exercise in healthy people: a systematic
review and meta-analysis
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Abstract Researches have been performed to investigate the
effects of phototherapy on improving performance and reduc-
tion of muscular fatigue. However, a great variability in the
light parameters and protocols of the trials are a concern to
establish the efficacy of this therapy to be used in sports or
clinic. The aim of this study is to investigate the effectiveness,
moment of application of phototherapy within an exercise
protocol, and which are the parameters optimally effective
for the improvement of muscular performance and the reduc-
tion of muscular fatigue in healthy people. Systematic
searches of PubMed, PEDro, Cochrane Library, EMBASE,
andWeb of Science databases were conducted for randomized
clinical trials to March 2017. Analyses of risk of bias and
quality of evidence of the included trials were performed,
and authors were contacted to obtain any missing or unclear
information. We included 39 trials (861 participants). Data
were reported descriptively through tables, and 28 trials were

included in meta-analysis comparing outcomes to placebo.
Meta-analysis was performed for the variables: time until
reach exhaustion, number of repetitions, isometric peak
torque, and blood lactate levels showing a very low to mod-
erate quality of evidence and some effect in favor to photo-
therapy. Further investigation is required due the lack of meth-
odological quality, small sample size, great variability of ex-
ercise protocols, and phototherapy parameters. In general,
positive results were found using both low-level laser therapy
and light-emitting diode therapy or combination of both in a
wavelength range from 655 to 950 nm. Most of positive re-
sults were observed with an energy dose range from 20 to 60 J
for small muscular groups and 60 to 300 J for large muscular
groups and maximal power output of 200 mW per diode.

Keywords Phototherapy . Low-level light therapy . Light
emitting diode . Performance . Fatigue . Exercise

Introduction

Strategies to improve performance and reduce muscular fa-
tigue have been investigated in a number of studies in the
sports and physical activity fields [1–3]. The aim of these
strategies was to provide improvement in muscular perfor-
mance, decrease muscular fatigue signals, and shorten the
recovery process after an activity. Ultimately, these strategies
enable the athlete to be better prepared for training or compe-
tition. These strategies may also be beneficial for patients in a
rehabilitation process while the potential of more efficient
exercises may increase the rehabilitation or recovery process.

Variousmethods to improvemuscularperformanceor slowing
downof the signalsofmuscular fatiguehavebeenstudied, suchas
massage, warm-up, compression garments, and cryotherapy
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(nanometers), with a power of 250mW (milliwatts), and an
energy of 2J (joules). The LLLT application data is best specified
in Table 1.
In the C group, they will receive placebo applications of the

photobiomodulation, with only the use of a guiding light that is
visually very similar to the LLLT, for the same 8seconds and at
the same 8 points, but without any effects, because the laser will
be turned off.
During the ensuing routines, the patients will undergo 2

months of treatment and they will receive 16 sessions of
photobiomodulation (2 times a week).

During the sessions, the researchers will remind the partic-
ipants of the importance of adherence to the treatment sessions,
in order to improve their compliance with the intervention
protocol. The participants will be instructed to continue their
usual routines for health conditions as usual.

2.9. Study variables

The primary variable of this study will be the AHI per hour of
sleep. The secondary variables will be improvements in the
autonomic and hemodynamic control of the subjects with OSA.

2.9.1. Berlin questionnaire. The OSA screening will be
conducted when using the Berlin Questionnaire (BQ). The
patients with a high risk of OSA will be submitted to
polysomnography. Before the evaluations of PSG, all of the
patients will complete the 11-item self-reporting BQ (divided into
3 categories), with the aim of detecting important symptoms for
the diagnosis of OSA. Those subjects that indicate in at least 2
positive categories will be considered at a high risk for OSA. In
Category 1, a positive score will be defined as persistent
symptoms (3–4times/wk) in ≥2 questions about their snoring.
In Category 2, a positive score will be defined as persistent (3–4
times/wk) for wake-time sleepiness, drowsy when driving, or
both. In Category 3, a positive score will be defined as a history of
high blood pressure or a body mass index (BMI) ≥30kg/m2.[7–9]

2.9.2. Polysomnography. There will be overnight polysomnog-
raphy. The researchers will evaluate OSA by an overnight PSG
(Night One Philips Respironics Digital System, 4 Channels,
Philips Respironics, Philips Medical Devices) as previously
described.[5] The device is also equipped with software, in order
to measure the relevant parameters of the PSG. The PSGwill start
at around 10:00 pm and will finish at around 6:00 am. The AHI
will be calculated as the total number of respiratory events
(apneas plus hypopneas), divided by the total sleep time, and
expressed in events per hour (events/h). The AHI cutoff for OSA
will be based on the Task Force of the American Academy of
Sleep Medicine.[5] The severity of OSA will be classified as such:
non-OSA for AHI<5events/h, mild OSA for AHI from 5 to 14.9
events/h, moderate OSA for AHI from 15 to 29.9events/h, and
severe OSA for AHI will be ≥30events/h.[5] Apnea will be defined
as a 90% decrease of airflow for at least 10seconds, while
hypopnea will be defined by a >50% decline in airflow in
respiratory signals for at least 10seconds, accompanied by 3%
oxygen desaturation.[5] All of the equipment to be used is
appropriate for the legal regulations of Brazil and the equipment
will use standardized positioning, in order to minimize any
experimental bias.

2.9.3. Qualitative variables.

! Anatomy of the oral cavity (Modified Mallampati Test)[10]

! Daytime sleepiness (Epworth Scale)[11]

! Quality of life (SF 36; Medical Outcome Study)[12]

! Stress level (the Brazilian version of the Perceived Stress
Scale)[13];

! Level of physical activity (International Physical Activity
Questionnaire [IPAQ])[14].

2.9.4. Epworth sleepiness scale. The Epworth sleepiness scale
(ESS) is a questionnaire to detect daytime sleepiness, consisting of
a simple subjective scale, and covering 8 different daytime

Figure 2. The 8 points of LLLT application: soft palate, uvula, pharyngeal walls,
palatine tonsils, and on the tongue base. The LASER therapy will apply twice a
week, over a 2-month period, totaling 16 sessions. Each point will be
stimulated for 8seconds in the soft palate, uvula, pharyngeal walls, palatine
tonsils, and on the tongue base. Figure adapted from Storchi IF.[4] LASER=
light amplification by stimulated emission of radiation, LLLT= low-level laser
therapy.

Table 1
LLLT protocol applied by continuous infrared in patients with
obstructive sleep apnea.

Dosimetric parameters

Wave-length 808nm
Operating mode Continuous
Power 250mw
Exposure time 8seconds"8 points=64seconds
Irradiance 5.76W/cm2

Radiant exposure 46.11J/cm2

Radiant energy 2 J
Number of irradiated points 8
Application sites Soft palate, palatine tonsils, pharyngeal walls,

uvula, and on the base of the tongue
Application technique Prolonged contact irradiation
Number of sessions and frequency Two times per week, for 2 months:

16 sessions
Total energy 2 J in 8 points=16J
Photosensitizer None

Camargo et al. Medicine (2020) 99:12 Medicine
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Abstract: Among the few supportive care measures available for the management of dysphagia,
Photobiomodulation (PBM) therapy, defined as the therapeutic use of light, has shown significant
promise. In this case report, e↵ective management of chronic dysphagia post hormonal therapy
in a breast cancer patient was made. Experts in the supportive care in cancer and PBM proposed
and requested further investigations of the protocol used in this case report in the management of
dysphagia. In this case report, the protocol of PBM was proposed by experts in supportive care
in cancer. Functional outcome swallowing scale for staging oropharyngeal dysphagia was used to
assess the e↵ectiveness of the treatment in pre-operative, per and post-operative stage. This case
reports that PBM is e↵ective in the management of dysphagia, a side e↵ect of hormonal therapy in
a cancer patient.

Keywords: photobiomodulation; dysphagia; cancer; breast cancer; supportive care

1. Introduction

Swallowing is considered a complex biomechanical interaction of anatomy and physiology
in which the precise coordination of over twenty-five pairs of muscles in the oral cavity, pharynx,
larynx, and esophagus is required [1]. This complex biomechanical interaction consists of four stages:
oral preparatory, oral, pharyngeal, and esophageal. Dysphagia is an impairment of swallowing that may
involve any structure from the lips to the gastric cardia [2]. In a cancer patient, dysphagia is considered
a debilitating and potentially life-threatening complication that can seriously affect the quality of life
(QoL) of patients and can negatively affect their adherence to cancer therapy [3]. Dysphagia is seen
as a result of malignancy in the head and neck region, as a side effect of head and neck cancer therapy
and as a complication of any cancer therapy modality. In fact, dysphagia can be seen in 50.9% of patients
with pharyngeal cancer, in 20% of high-dose radiotherapy patients, in up to 40% of patients treated with
concurrent chemotherapy for lung cancer, and according to Sonis et al., 8.5% of patients who developed
mammalian target of rapamycin-associated stomatitis [4]. This complication highly affects the quality
of life of patients, increases the use of health care resources and costs, and may compromise patient
adherence to cancer therapy protocols. Pathogenesis of dysphagia is complex and is associated with
acute inflammation, edema, and fibrosis with the injury of the muscle. In addition, dysphagia can be
a result of generalized weakness, lack of muscle coordination while swallowing, and excessive fibrosis
which will result in loss of elasticity [4,5].

Among the few supportive care measures available for the management of dysphagia,
Photobiomodulation (PBM), that is the therapeutic use of light, has shown significant promise [6].
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Abstract: Oral complications of cancer therapy, such as oral dryness, dysphagia, and taste alteration,
are associated with a negative impact in the quality of life of the patients. Few supportive care
measures are available for such complications. This case series reveals the e↵ectiveness of the
photobiomodulation (PBM) therapy when used in a specific protocol and parameters, in the
management of oral complications related to cancer therapy. Dysphagia was measured using
the functional outcome swallowing scale for staging oropharyngeal dysphagia (FOSS). Oral mucositis
was measured according to the National Cancer Institute scale. The quantity of the whole resting and
stimulated saliva was measured in order to assess the oral dryness. In addition, the taste alteration
was measured according to a protocol suggested by the International Standards organization (ISO).
Sensation of burning mouth was measured using a visual analogue scale. These measurements were
made before treatment, during, and at the end of the treatment. Diode laser 635 nm was used in
3 J/cm2. Five sessions interleaved with 24 h breaks were conducted for the dysphagia and oral dryness,
and 10 sessions were conducted for the taste alteration and burning mouth sensation. Regardless
of the limitations of this case series, PBM can be considered safe, time saving, and a promising
approach for the management of the oral complications due to cancer therapy and the quality of life
of cancer patients.

Keywords: cancer complications; dysphagia; dysgeusia; oral dryness; supportive cancer care;
taste alteration

1. Introduction

Photobiomodulation (PBM) therapy (photon and biological modulation) is a therapeutic approach
that modulates biological activity by employing light at red and near-infrared wavelengths [1–3].
The North American Association of Laser Therapy (NAALT) and the World Association of Laser
Therapy (WALT) reached a consensus in 2014 on the nomenclature of photobiomodulation (PBM) as
the therapeutic use of light [4,5]. The first evidence of the biostimulation e↵ect of the lasers dates back
to 1967 in an experiment by Andre Mester [6]. In recent years, the application of PBM has moved on
rapidly due to the combination of a better understanding of the technical, clinical, and photobiological
principles of the use of red and infrared light [7]. At present, a great number of studies suggest that
PBM significantly reduces inflammation process, reduces pain, prevents fibrosis, and enhances wound
healing and tissue regeneration [7,8]. Although there is a surfeit of studies evidencing that PBM
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Abstract: Photobiomodulation therapy (PBMT) has been investigated because of its intimate
relationship with tissue recovery processes, such as on peripheral nerve damage. Based on the
wide range of benefits that the PBMT has shown and its clinical relevance, the aim of this research
was to carry out a systematic review of the last 10 years, ascertaining the influence of the PBMT in
the regeneration of injured peripheral nerves. The search was performed in the PubMed/MEDLINE
database with the combination of the keywords: low-level laser therapy AND nerve regeneration.
Initially, 54 articles were obtained, 26 articles of which were chosen for the study according to the
inclusion criteria. In the qualitative aspect, it was observed that PBMT was able to accelerate the
process of nerve regeneration, presenting an increase in the number of myelinated fibers and a
better lamellar organization of myelin sheath, besides improvement of electrophysiological function,
immunoreactivity, high functionality rate, decrease of inflammation, pain, and the facilitation of
neural regeneration, release of growth factors, increase of vascular network and collagen. It was
concluded that PBMT has beneficial effects on the recovery of nerve lesions, especially when related
to a faster regeneration and functional improvement, despite the variety of parameters.

Keywords: low-level laser therapy; nerve regeneration; peripheral nerve repair; photobiomodulation
therapy; tissue regeneration

1. Introduction

Low-level laser therapy (LLLT), now commonly referred to as photobiomodulation therapy
(PBMT), using low-level infrared light spectrum lasers is considered a therapeutic advance.
Its effects are related to tissue biostimulation, presenting therapeutic responses from photoelectric,
photoenergetic, and photochemical reactions [1]. Scientific research has shown the application of
PBMT in bone tissue and peripheral nerves with good results whether or not it is associated with other
supporting methods in tissue repair [2–7].

Laser photobiomodulation presents itself as an electromagnetic technology that is being inserted
into clinical practice due to its characteristics that differ from other conventional thermal sources [8,9].
It was observed that there are several features of PBMT that are related to the reduction of tissue repair
time and its capacity to increase cell proliferation [10].

Bioengineering 2018, 5, 44; doi:10.3390/bioengineering5020044 www.mdpi.com/journal/bioengineering
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It is postulated that the inflammatory process resulting from SARS-CoV-2 infection is 
the main cause of s mell and taste dysfunctions in patients. In v iew of this, 
photobiomodulation, due to its anti-inflammatory and antioxidant effects, may be a 
promising therapeutic modality to treat these disorders. In the present case report, we 
observed clinical improvement in the symptoms of anosmia and ageusia related to 
COVID-19 after treatment with photobiomodulation. Due to the inflammatory nature 
of COVID-19 and the anti-inflammatory  effects, photobiomodulation antioxidants 
already proven in the literature make it  a  promising therapeutic modality, especially 
sequela COVID-related, including olfactory (anosmia) and taste (ageusia) 
dysfunction. In the present case report, the patient's olfactory and gustatory functions 
were re-established after 10 treatment sessions with photobiomodulation.  
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1 | INTRODUCTION 
Olfactory dysfunctions range from complete loss of smell 
(anosmia) to partial or reduced ability to smell and detect 
odours (hyposmia). In turn, anosmia is commonly associated 
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Abstract
To date, there is no compilation of evidence-based information associating photobiomodulation effect and salivary glands. This
systematic review aims to assess photobiomodulation effect of low intensity laser on salivary glands in the presence of systemic
diseases. MEDLINE databases were searched in duplicate through December 2018. In vivo studies and clinical trials were
included if photobiomodulation was performed in salivary glands of animal (rat or mice) or human in the presence of systemic
disease. The methodological quality was assessed in duplicate using the modified Newcastle-Ottawa scale (NOS). Search
strategy identified 483 potentially eligible articles, and 449 were included. The Boolean search naturally leads to a high amount
of works the majority of which were excluded because the analysis of the title and abstract demonstrated it was not focusing on
PBM. Only 34 studies were selected for the full-text analysis, of which 5 were excluded due to non-use of photobiomodulation, 4
due to lack of control group, 2 because they were studies of cell cultures and 1 because they did not have the total of animals used.
Thus, 21 papers were included for the critical evaluation of the impact of photobiomodulation on the major salivary glands; the
studies used rats (n = 10) and humans (n = 11). Although studies reported an increase in the salivary rate, decrease in pain, and
increase in quality of life after the PBM, the lack of standards for the application of light and reporting of the parameters, make it
hard to reproduce the results. This topic is still in need for further research.

Keywords Photobiomodulation . Laser . Salivary glands . Review . Low-level laser

Introduction:

Saliva is a translucent liquid, relatively alkaline and of varying
viscosity, produced in the salivary glands and secreted in the
oral cavity for several functional attributions [24, 30]. Among
them, saliva lubricates the mucosal surface, alkalinizes the pH,
controls the microbiota, and begins the digestion of food and
formation of the food bolus [30, 51]. About 99% of saliva is
composed of water and the other components include electro-
lytes, immunoglobulins, digestive enzymes, and viscosity
proteins, among other substances [5, 24, 30]. From a biochem-
ical and functional point of view, saliva is classified as serous
or mucosal. The first type is enzymatic and fluid, with the
predominance of the amylase enzyme for the degradation of

carbohydrates [5, 51]. The latter is characterized by a large
amount of mucin and a consequent viscous appearance for
agglutination of chewed foods before being swallowed [16,
30].

The salivary glands are structurally divided into major and
minor. The major ones represent three pairs of glands called
parotid, submandibular, and sublingual glands, while the
smaller ones represent more than 500 units distributed in the
following regions: lips, cheek, posterior half of hard palate,
soft palate, oropharynx, and tongue. The parotid gland is al-
most exclusively serous, the submandibular is mixed (serous
and mucous), while the sublingual and the minor are predom-
inantly [30, 51]. The amount of saliva produced under normal
conditions ranges from 1 to 1.5 l/day, with the submandibular
gland accounting for 65% of that volume [24, 30, 51].

The parenchyma of the salivary glands is formed by acinus
and the ductal system [23]. Acinus constitutes the saliva-
producing units and are composed of acinar and myoepithelial
cells [23]..These cells and the blood vessels of the glandular
stroma are innervated by parasympathetic and sympathetic
nerve fibers, which, respectively, have the function of stimu-
lating and inhibiting salivary production and secretion [23,
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RESUMO

Objetivo:�9HUL¿FDU�RV�HIHLWRV�LPHGLDWRV�GD�IRWRELRPRGXODomR�VREUH�D�SUHVVmR�Pi[LPD�GRV�OiELRV�SDUD�GLIHUHQWHV�
GRVHV���Método:�(VWXGR�H[SHULPHQWDO��UDQGRPL]DGR�H�WULSOR�FHJR��$�DPRVWUD�IRL�FRPSRVWD�SRU����PXOKHUHV�H�
���KRPHQV�FRP�LGDGH�HQWUH����H����DQRV��PpGLD�������DQRV��'3 ������GLYLGLGRV�HP�TXDWUR�JUXSRV��*&��JUXSR�
FRQWUROH���*���*��H�*���$�SUHVVmR�Pi[LPD�IRL�DYDOLDGD�FRP�R�,RZD�2UDO�3HUIRUPDQFH�,QVWUXPHQW��,23,���2�EXOER�
IRL�SRVLFLRQDGR�HQWUH�RV�OiELRV�H�RV�SDUWLFLSDQWHV�IRUDP�RULHQWDGRV�D�SUHVVLRQi�OR�FRP�D�PDLRU�IRUoD�SRVVtYHO��
$SOLFRX�VH�R�/$6(5�LQIUDYHUPHOKR������QP��GD�PDUFD�'0&��PRGHOR�7KHUDS\�(&������P:�GH�SRWrQFLD��
$V�GRVHV�WHVWDGDV�IRUDP���-��*������-��*���H���-��*���DSOLFDGDV�HP�VHLV�SRQWRV�GR�P~VFXOR�RUELFXODU�GD�ERFD��
1R�*&�QmR�KRXYH�LQWHUYHQomR��$SyV�D�DSOLFDomR�GR�/$6(5��IRUDP�UHSHWLGRV�RV�SURFHGLPHQWRV�GH�DYDOLDomR��
2V�UHVXOWDGRV�IRUDP�DQDOLVDGRV�FRP�QtYHO�GH�VLJQL¿FkQFLD�GH������Resultados:�$�SUHVVmR�Pi[LPD�GH�OiELRV�
DXPHQWRX�VLJQL¿FDWLYDPHQWH�DSHQDV�QR�JUXSR�LUUDGLDGR�FRP���MRXOHV��Conclusão:�2�/$6(5�GH�EDL[D�LQWHQVLGDGH�
QD�GRVH�GH���-�SURPRYHX�PXGDQoDV�QR�GHVHPSHQKR�GR�P~VFXOR�RUELFXODU�GD�ERFD�HP�WDUHID�GH�SUHVVmR�Pi[LPD�

ABSTRACT

Purpose:�7R�YHULI\�WKH�LPPHGLDWH�H൵HFWV�RI�GL൵HUHQW�GRVHV�RI�SKRWRELRPRGXODWLRQ�RQ�PD[LPXP�OLS�SUHVVXUH��
Methods:�([SHULPHQWDO��UDQGRPL]HG�DQG�WULSOH�EOLQG�VWXG\��7KH�VDPSOH�FRQVLVWHG�RI����ZRPHQ�DQG����PHQ��DJH�
EHWZHHQ����DQG����\HDUV�ROG��DYHUDJH�������\HDUV�ROG��6' ������GLVWULEXWHG�LQ�IRXU�JURXSV��&*��FRQWURO�JURXS���
*���*��DQG�*���7KH�PD[LPXP�SUHVVXUH�ZDV�DVVHVVHG�ZLWK�WKH�,RZD�2UDO�3HUIRUPDQFH�,QVWUXPHQW��,23,���7KH�
EXOE�ZDV�SODFHG�EHWZHHQ�WKH�OLSV�DQG�WKH�SDUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�SUHVV�LW�DV�VWURQJ�DV�SRVVLEOH��,QIUDUHG�
/$6(5������QP���PDQXIDFWXUHG�E\�'0&��7KHUDS\�(&�PRGHO������P:�RI�SRZHU�RXWSXW��ZDV�DSSOLHG��7KH�
GRVHV�WHVWHG�ZHUH���-��*������-��*���DQG���-��*����DSSOLHG�DW�VL[�SRLQWV�RI�WKH�RUELFXODULV�RULV�PXVFOH��,Q�WKH�&*�
WKHUH�ZDV�QR�LQWHUYHQWLRQ��7KH�HYDOXDWLRQ�SURFHGXUHV�ZHUH�UHSHDWHG�DIWHU�WKH�/$6(5�DSSOLFDWLRQ��7KH�UHVXOWV�
ZHUH�DQDO\]HG�ZLWK�D�VLJQL¿FDQFH�OHYHO�RI������Results:�7KH�PD[LPXP�OLS�SUHVVXUH�LQFUHDVHG�VLJQL¿FDQWO\�
RQO\�LQ�WKH�JURXS�LUUDGLDWHG�ZLWK���-��Conclusion:�/RZ�OHYHO�/$6(5�WKHUDS\�ZLWK���-�GRVH�SURPRWHG�FKDQJHV�
LQ�WKH�SHUIRUPDQFH�RI�WKH�RUELFXODULV�RULV�PXVFOH�LQ�WKH�PD[LPXP�SUHVVXUH�WDVN�
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Orientar pacientes e acompanhantes quanto aos cuidados com  alimentação, higiene oral
e exercícios fonoaudiológicos 
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