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Therapeutic Strategies for Dysphagia 

Exercise 
Peripheral Electrical 
Stimulation 

Neuromodulation 



      
      Compensatory Strategy & 
      Swallow Exercise 

 

 Chin tuck posture 
: widening the vallecular space 

: positioning base of tongue closer 

to posterior pharyngeal wall 

Braddom 6th ed. 

 Masako maneuver 
: tongue base and pharyngeal wall contact 

: bolus propulsion 

 

 Effortful swallow  
: tongue base retraction 

: pharyngeal constrictor contraction  

 Mendelsohn maneuver 
: anterior upward laryngeal motion 

: laryngeal closure & UES opening 

 Shaker exercise 
: UES opening by suprahyoid 

muscles 
 Multiple swallows 

 Liquid wash 

 Super-supraglottic swallow 
: voluntary airway closure before the 

swallow 

 Oral bolus hold 
: to reduce premature spillage and 

reduce swallow response delay 



Types of Swallow Exercise 

• Chin tuck against resistance (CTAR) exercise 

• Shaker exercise 

• Effortful swallowing 

• Biofeedback 

• Expiratory muscle strength training (EMST) 

• Lingual exercise 

 

Shaker 

CTAR 

Lingual / Tongue-base retraction exercise 

EMST 

EMG biofeedback 



Exercise for Upper Esophageal Sphincter Opening 

S. H. Doeltgen et al. Dysphagia (2021) August. https://doi.org/10.1007/s00455-021-10349-6 



Chin tuck 
against 
resistance 
(CTAR) exercise 

Chin tuck against resistance exercise for dysphagia rehabilitation: A systematic review 

• CTAR exercise more selectively activates the suprahyoid muscle and improves swallowing function. 

• It is less strenuous than Shaker exercise, it requires less physical burden and effort, allowing 
greater compliance. 

Park JS. J Oral Rehabil. 2021;48:968–977 

Dysphagia (2014) 29:243–248  

Chin Tuck Against Resistance 
(CTAR): New Method for 
Enhancing Suprahyoid Muscle 
Activity Using a Shaker-type 
Exercise  

https://www.alternativespeech.com 



European Journal of Physical and Rehabilitation Medicine 2017 June;53(3):426-32 

CTAR exercise can significantly relieve depression and has the similar effect on improving swallowing 

function as compared with Shaker group. 



European Journal of Physical and Rehabilitation Medicine 2018 December;54(6):845-52  

Led to more significant 

correction of cervical 

alignment and more 

pronounced improvement in 

swallowing.  



Dysphagia (2018) 33:380–388 

o Pharyngeal constriction measurement: 
Normalized Maximal Pharyngeal Constriction 
Area (MPCAN) 

o Pharyngeal shortening measurement 

By Effortful swallowing 
  ↓Laryngeal closure duration 
  ↓ Hyoid movement duration 
  ↓ UES opening duration  
  ↓ Stage transition duration  
  ↓ Pharyngeal transit time 
  ↓ Pharyngeal response duration 



J. Clin. Med. 2021, 10, 3419 

• 80% head extension 
• Effortful water 

swallow (2ml) every 
10s  

• 20min (10min +  
5min rest + 10min)  

• Iowa Oral 
Performance 
Instrument (IOPI) 

• 1 set = 5 repetition 
(80% of 1RM, 3s 
holding) + 30s rest 

• 24 set = Total 120 
tasks 

G1, tongue progressive resistance exercise group 

G2, tongue isometric exercise group 

Maximum isometric pressure Peak pressure during swallowing 



Dysphagia therapy augmented by biofeedback using 
sEMG and accelerometry enhances hyoid displacement 
but functional improvements in swallowing are not 
evident. 

Archives of Physical Medicine and Rehabilitation 2019;100:551-61 

https://www.chattanoogarehab.com 



Dysphagia (2021) 36:281–292 



Expiratory Muscle Strength Training 

o Increasing the force generation capacity of the 
expiratory muscles (expiratory pressure (PEMax) 
capacity) 

o Improving pulmonary function in obstructive, 
restrictive pulmonary disease, and Parkinson’s 
disease 

Rule of fives  
 5 sets of 5 exhalations per session at 75% 

maximum expiratory pressure (PEMax) capacity 
     = 25 breaths per day  
 5 session per week  
 5-week time frame 

Pressure threshold device 

Am J Speech Lang Pathol. 2020 Feb 7;29(1):335-356 



 Penetration-Aspiration Scale 
 Improvements in 5 studies 
 No change in 4 studies  

Am J Speech Lang Pathol. 2020 Feb 7;29(1):335-356 

o Engaging the submental suprahyoid musculature 
o Longer durations and higher amplitudes during 

the muscle activation 
o Facilitating hypolaryngeal excursion for airway 

protection and UES opening during swallowing  



Dysphagia (2021) https://doi.org/10.1007/s00455-021-10328-x 

 10 healthy adults 21–57-year-old  
 Protocol: Rule of fives at 75% PEMax 

Cross sectional area of geniohyoid muscle 

Cross sectional area of geniohyoid muscle Maximum Expiratory Pressure 





Dose of exercise 

Dysphagia (2021) 36:1–32 

 Recommendations varied greatly by exercise type. 
 Further research is required to determine optimal dose 

ranges for the wide variety of exercise-based dysphagia 
interventions 



 

Dysphagia (2018) 33:173–184 

o Average adherence rate = 21.9 ~ 51.9% 
• Exercise: 13 ~ 92% = average 43%  
• Food modification 36 ~ 67% 



Electrical stimulation 

Am J Phys Med Rehabil 2020;99:487–494 

Journal of Back and Musculoskeletal Rehabilitation 33 (2020) 637–644 

Medical Devices: Evidence and Research 2018:11 21-26 



Neurorehabilitation and Neural Repair 2021, Vol. 35(9) 801–811 

 Stimulation procedure 
 : Channel 1, 2 stimulation → Channel 3, 150ms later  
→ Channel 4, 250ms later 

 VFSS 
 : T0 (initial), T1 (1week) 
 : Swallow under NMES or Sham stimulation 

 4-Channel (n=26) vs. Sham (n=26) 
 Suprahyoid, thyrohyoid, and other infrahyoid 

muscles during swallowing 



 

Figure 3. Schematic drawings of the changes in muscular contractions stimulated by 2-

channel (a) and 4-channel NMES (b). The arrows imply force vectors. Blue arrows

(dashed line) indicate unstimulated vectors, yellow arrows (dotted line) indicate stimulated

vectors by NMES, and red arrows (solid line) indicate the summated vector of stimulated

vectors. In these images, the size of the vector is not quantified. Abbreviation: NMES:

neuromuscular electrical stimulation

Article Copyright © 2021 Authors, Source DOI: 10.1177/15459683211029891 .

See content reuse guidelines at: sagepub.com/journals-permissions

Blue: unstimulated vectors 

Yellow: stimulated vectors by NMES 

Red: summated vector of stimulated vectors 

2-channel 4 channel 

Neurorehabilitation and Neural Repair 2021, Vol. 35(9) 801–811 

4-Channel NMES vs. Sham 

Sequential 4-channel NMES showed significant clinical 

improvement with respect to videofluoroscopic dysphagia 

scale, penetration aspiration scale, and kinematic analysis. 



Lancet Neurol 2018; 17: 849–59 

This study provides evidence that PES is effective in promoting earlier decannulation in patients with post-
stroke dysphagia. 

Medical Devices 2018:11 21-26 



Neuromodulation 2019; 22: 593-596 

 11 healthy subjects 

 

 Forward displacement ↑ 

 Upward displacement ↑ 

 

 Median NRS score during magnetic stimulation = 1 

 

 Noninvasive and easy  

 Not require skin preparation 

 Minimum level of pain. 



Am J Phys Med Rehabil. 2020 Aug;99(8):701-711.  

 Overall effects 
 : Moderate effect size  
 : Standard mean difference (SMD) = 0.62; 95% CI 
= 0.06 to 1.17 

 Stimulation muscle 
 Suprahyoid muscles 
 : Negative SMD = 0.17; 95% CI = −0.42, 0.08 
 Infrahyoid muscles 
 : Large effect size  
 : SMD = 0.89; 95% CI 0.47, 1.30 
 Supra + Infrahyoid muscle 
 : Large effect size  
 : SMD = 1.4; 95% = 1.07, 1.74 

 Stimulation duration  
  45 mins or less  
 : Large effect size  
 : SMD = 0.89; 95% CI 0.58, 1.20 

There is no firm evidence to conclude on the efficacy of 

neuromuscular electrical stimulation on swallowing disorders. 

Compared with traditional therapy 



Neuromodulation o Dysphagia seems to recover 
more readily than dysfunction 
in other systems in the brain, 
which could be potentially 
explained by its bihemispheric 
control.  

 

o The swallowing cortices do 
not exhibit transcallosal 
inhibition and appear to use 
their bihemispheric 
organization to provide a 
redundancy for a system that 
is already able to innervate 
swallowing nuclei on both 
sides of the brainstem using 
only one hemisphere.  

Ann Neurol. 2018 Apr;83(4):658-660 

These unique features make the 
undamaged swallowing cortex 
an attractive target to facilitate 
dysphagia recovery. 



Bihemispheric Organization for Swallowing 

A higher corticobulbar TV in the 

unaffected hemisphere was 

indicative of better swallowing 

function in dysphagic patients 

after MCA stroke. 

Im S et al. Eur J Neurol. 2020 Nov;27(11):2158-2167 
Im S et al. Eur J Neurol. 2020 Nov;27(11):2158-2167 

Unaffected Affected 

Mild dysphagia 

Moderate to 

severe dysphagia 

Healthy control 



Brain Stimulation 10 (2017) 75–82 

Comparison between 
• Bilateral 10Hz rTMS 
• Ipsilesional 10Hz rTMS + Contralesional Sham rTMS 
• Bilatateral Sham rTMS 



o Application of tDCS over the contralesional 

swallowing motor cortex supports swallowing 

network reorganization 

o Early treatment initiation seems beneficial.  

o tDCS may be less effective in right-hemispheric 

insulo-opercular stroke.  

ANN NEUROL 2018;83:328–340 
*Lesioned hemispheres were aligned to left side 

Contralesional anodal (1mA, 20 minutes) vs. Sham 

tDCS on 4 consecutive days. 

Areas with significant increase 

of swallow-related event-related 

desynchronization after tDCS 

stimulation 

• Primary and secondary 

sensorimotor cortex 

• Supramarginal gyrus 

Dorsolateral prefrontal cortex 

• Posterior cingulate. 

worse better 

Lesion locations associated with negative treatment response in the tDCS group 

: Right-hemispheric opercular cortex, superior longitudinal fasciculus, and insula (log 

OR>1) 



Archives of Physical Medicine and Rehabilitation 2019;100:739-50 

Facilitation 
 High frequency 

 Anodal 

Affected 
hemisphere 
 Structural reserve 

Inhibition 
 Low frequency 

 Cathodal 

Unaffected 
hemisphere 
 Compensatory 

 Interhemispheric 

inhibition 



Archives of Physical Medicine and Rehabilitation 2019;100:739-50 

In most of the studies included, high-frequency rTMS 

was used for either the affected hemisphere or the 

bilateral hemispheres to induce excitability of the 

corticobulbar projections to swallowing muscles. 

Better outcomes for high-frequency over low-frequency 

groups and bilateral or unaffected side over affected side 

stimulation.  

All of the studies included used anodal stimulation on the 

affected or unaffected hemisphere for treating poststroke 

dysphagia. 

tDCS of the unaffected cortex is postulated to increase 

pharyngeal representation in the sensorimotor cortex, which is 

thought to account for the recovery of swallowing function. 

There is a larger proportion of affected side stimulation in the 

tDCS group, which may explain the less effective result of 

tDCS in this meta-analysis. 

rTMS tDCS 



Archives of Physical Medicine and Rehabilitation 2019;100:739-50 

rTMS, tDCS, and surface NMES were effective for 

treating poststroke dysphagia.  

tDCS vs. Placebo 

rTMS vs. Placebo 

sNMES vs. Placebo 

Effect size: rTMS > surface NMES > tDCS 



Neuromodulation. 2020 Dec 10. doi: 10.1111/ner.13327.  

 Overall effects 
: 0.69; 95% CI = 0.50, 0.89 
 rTMS: 0.73 (largest effect); 95% CI = 0.49, 0.98 
 PES: 0.68; 95% CI = 0.22, 1.14 
 tDCS: 0.65; 95% CI = 0.25, 1.04 

 Effect over time 
 Most significant within First 2 months (rTMS, 

tDCS, PES)  
 Lack of studies reporting long term outcome 

 Based on Stimulation hemisphere 
 Bihemispheric stim: 0.93; 95% CI = 0.53, 1.33 
 Bihemispheric (> ipsilesional or contralesional) 
 Vicariation (compensatory reorganization of the 

unaffected hemisphere) vs. Interhemispheric 
competition vs. Bimodal balance-recovery model 

 Based on Chronicity of stroke 
 < 2wks: rTMS ≈ tDCS ≈  PES  
 3wks-2months: tDCS (largest effect) 
 > 3months: no report 

 Based on Stimulation hemisphere and Frequency 
 Ipsilesional High-freq rTMS: 0.83, 95% CI = 0.14, 1.52 
 Contralesional Anodal tDCS: 1.04; 95% CI = 0.54, 1.53 



Summary 

Exercise 
Peripheral Electrical 
Stimulation 

Neuromodulation 

 Shaker exercise 
 CTAR exercise 
 Effortful swallowing 
 Biofeedback 
 EMST 

 NMES 
 PES 

 rTMS 
 tDCS 

 Dose 
      : frequency, repetition, intensity 

 
 Adherence 

 Mechanisms of action 
      : Bihemispheric control 

      : One hemisphere innervates both sides 

of brain stem 

 
 Long-term outcome >3 months 

 Electrode placement 
      : according to abnormal physiology 

Future researches are needed to shed light on 


