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The PDF file includes: 
 

Fig. S1. Sensor patch adhered to the human submental skin of different ages. 
Fig. S2. Repeated use of the submental sensor patch. 
Fig. S3. Hexagonal test bed geometrical variation. 
Fig. S4. Hexagonal test bed under mechanical loads. 
Fig. S5. Mechanical simulation of test bed structures under mechanical loads. 
Fig. S6. Electrical reliability and performance comparison. 
Fig. S7. Swallowing treatment session results. 
Fig. S8. Swallowing treatment session data analysis. 
Table S1. Initial needs assessment survey. 
Table S2. Cost estimation of the submental sensor patch system. 
Legends for movies S1 to S7 
 

 
Other Supplementary Material for this manuscript includes the following: 
 
(available at advances.sciencemag.org/cgi/content/full/5/12/eaay3210/DC1) 
 

Movie S1 (.mp4 format). Pilot VFSS recording of a swallow. 
Movie S2 (.mp4 format). sEMG, strain, and VFSS recordings of a swallowing treatment session. 
Movie S3 (.mp4 format). sEMG, strain, and VFSS recordings of a swallowing treatment session. 
Movie S4 (.mp4 format). sEMG, strain, and VFSS recordings of a swallowing treatment session. 
Movie S5 (.mp4 format). sEMG, strain, and VFSS recordings of a swallowing treatment session. 
Movie S6 (.mp4 format). sEMG, strain, and VFSS recordings of a swallowing treatment session. 
Movie S7 (.mp4 format). sEMG, strain, and VFSS recordings of a swallowing treatment session. 
 



 

Fig. S1. Sensor patch adhered to the human submental skin of different ages. Photos 

of the sensor patch placed on human subjects of different ages (26~64). The scale bar is 

3.5 cm. Photo Credit: Min Ku Kim, Purdue University, West Lafayette. 

  



 
 

Fig. S2. Repeated use of the submental sensor patch. (A) Photos of the sensor patch 

repeatedly attached and detached to/from the submental skin of human subjects of 

different ages – 26 and 79 years. The scale bar is 5 cm. (B) The corresponding sEMG 

obtained from these multiple trials (subject age: 26). Photo Credit: Min Ku Kim, Purdue 

University, West Lafayette. 

 



 
 

Fig. S3. Hexagonal test bed geometrical variation. Photos of several testbed structures 

with (A) varies l = 2-4.5 mm and (B) w = 1-6 mm. The scale bars are 8 mm and 16 mm, 

respectively. 

  



 
 

Fig. S4. Hexagonal test bed under mechanical loads. (A) Photos of the testbed 

structures under stretched up to the limits (left) and beyond (right) plastic deformation 

(left) at θ = 0°, 45°, and 90°. The scale bar is 6 mm. (B) Photos of the testbed structure 

under excessive load, stretched and twisted out-of-plane. The scale bars are 6.5 mm (left) 

and 2 mm (right), respectively. 

  



 
 

Fig. S5. Mechanical simulation of test bed structures under mechanical loads. (A)The 

corresponding FEA results of the testbed structure under stretched at 12% with varies l = 

2.0, 2.5, 3.0 and 4.0 mm at θ = 0°, 45° and 90°. (B) Computational (FEA) and theoretical 

results of adhesive strength of the testbed structure to the skin with varied w = 1-6 mm.  

  

 

 

  



 
 

Fig. S6. Electrical reliability and performance comparison. (A) Photo of the testbed 

structure with intentional cuts. The scale bar is 1.2 cm. (B) Measured resistance of the 

testbed structure under 100 cycles of stretching at the maximum strain of ~16%. (C, 

D)The correlation of the sEMG signals obtained by using the portable unit and a 

commercial (control) wireless unit (BioRadio) with varies signal acquisition resolution (C) 

and sampling rate (D). 

  



 
 

Fig. S7. Swallowing treatment session results. The raw data of the measured sEMG 

signals and strain waveforms, resulting in the summary depicted in Fig. 4. 

  



 
 

Fig. S8. Swallowing treatment session data analysis. Summary of quantitative analysis 

in bar graphs for Fig. 4. (A) Normalized amplitude and (B) burst duration of 5 ml barium 

liquid swallows. (C) Normalized amplitude and (D) burst duration of 5 cc barium pudding 

swallows. 

  



Table S1. Initial needs assessment survey. Results of initial needs assessment interviews 

(N=30; % depicts frequency of response). 

 

 
 

 

 

Table S2. Cost estimation of the submental sensor patch system. Outline of the 

estimated cost associated with the electronic components, encapsulation and substrate 

materials and processing fees at a lab scale for the sensor patch system. 

 

 
 

  



Captions for Movies 

 

Movie S1. Pilot VFSS recording of a swallow. VFSS recording of a healthy young subject 

(subject age: 23) during a normal swallow of 5 mL barium liquid. The scale bar is 3 cm. 

 

Movie S2. sEMG, strain, and VFSS recordings of a swallowing treatment session. 

Simultaneously recorded submental sEMG signals and strain waveforms and the corresponding 

VFSS recording obtained from a patient with dysphagia (subject age: 70) during a regular 

swallow of 5 mL barium liquid. The sampling rate for the monitoring of VFSS and sEMG is 30 

frames per second and 1,000 Hz, respectively. The scale bar is 3 cm. 

 

Movie S3. sEMG, strain, and VFSS recordings of a swallowing treatment session. 

Simultaneously recorded submental sEMG signals and strain waveforms and the corresponding 

VFSS recording obtained from a patient with dysphagia (subject age: 70) during a regular 

swallow of 10 mL barium liquid. The sampling rate for the monitoring of VFSS and sEMG is 30 

frames per second and 1,000 Hz, respectively. The scale bar is 3 cm. 

 

Movie S4. sEMG, strain, and VFSS recordings of a swallowing treatment session. 

Simultaneously recorded submental sEMG signals and strain waveforms and the corresponding 

VFSS recording obtained from a patient with dysphagia (subject age: 70) during a regular 

swallow of a 5 cc barium pudding. The sampling rate for the monitoring of VFSS and sEMG is 30 

frames per second and 1,000 Hz, respectively. The scale bar is 3 cm. 

 

Movie S5. sEMG, strain, and VFSS recordings of a swallowing treatment session. 

Simultaneously recorded submental sEMG signals and strain waveforms and the corresponding 

VFSS recording obtained from a patient with dysphagia (subject age: 70) during an effortful 

swallow of 5 mL barium liquid. The sampling rate for the monitoring VFSS and sEMG is 30 

frames per second and 1,000 Hz, respectively. The scale bar is 3 cm. 

 

Movie S6. sEMG, strain, and VFSS recordings of a swallowing treatment session. 

Simultaneously recorded submental sEMG signals and strain waveforms and the corresponding 

VFSS recording obtained from a patient with dysphagia (subject age: 70) during a swallow of 5 

mL barium liquid using the Mendelsohn maneuver. The sampling rate for the monitoring of VFSS 

and sEMG is 30 frames per second and 1,000 Hz, respectively. The scale bar is 3 cm. 

 

Movie S7. sEMG, strain, and VFSS recordings of a swallowing treatment session. 

Simultaneously recorded submental sEMG signals and strain waveforms and the corresponding 

VFSS recording obtained from a patient with dysphagia (subject age: 70) during an effortful 

swallow of a 5 cc barium pudding. The sampling rate for the monitoring of VFSS and sEMG is 30 

frames per second and 1,000 Hz, respectively. The scale bar is 3 cm. 
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