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Laryngeal Elevation Measurement for Dysphagia Rehabilitation
by Stretchable Strain Sensors

By AR e A A2 Mgl feess

Yuki KATSUNO Hiroyuki NAKAMOTO Akio YAMAMOTO Ken UMEHARA

BlFr st 7N NG SFH g ANl R

Yusuke BESSHO Futoshi KOBAYASHI Tsutomu TERADA Akira ISHIKAWA
Abstract

The Mendelsohn maneuver is one of dysphagia rehabilitation methods and is a swallowing maneuver which
voluntarily prolongs laryngeal elevation. In general, the recognition of the laryngeal elevation is difficult for
patients. They often need a long-time training to obtain the maneuver. However, showing onset and offset times of
laryngeal elevation can promote effective rehabilitation. We propose a measurement device of the laryngeal
elevation based on the change of the circumference of the neck. In this study, we develop a neckband-shaped device
composed of stretchable strain sensors. The laryngeal elevation changes the neck circumference. The device partially
measures the neck circumference. Two methods detect the onset and offset times of the laryngeal elevation. One
determines the times from the difference of the time-series circumference of the neck. The other method determines
the times from both the difference and a pattern matching. In experiments, 21 healthy subjects conducted 4-second
laryngeal elevation in the Mendelsohn maneuver. Simultaneously, a speech-language-hearing therapist determined
the times of the laryngeal elevation by palpating the subjects. The method of only the difference correctly detected
the onset times. However, the offset times had over 1-second errors in some cases. The other method detected both
the onset and offset times with short-time errors. We confirmed that the proposed device and the method with the
difference and pattern matching have a potential for a biofeedback rehabilitation device.

Keywords: Biological measurement; Stretchable strain sensor; Laryngeal movement; Dysphagia rehabilitation

1. FC oI W8 < A OHFTEO AL L ), HiE L EEOZ -
wOPKR, Z EHEFEEER O LR HEEIGHE 1 O3n %
il Z i BRI BTN O 32D B HK %K HINE LCwh, HEE LCEEEEBEOZE L,
FWTHDHY, Tz, ik @%E%®o%%ﬁui®m WHBA A AS Y — 2 (23 L 72 B 0 TN & — B2l L
BN EELEOTEY ., WiREOMEDOB & —E RIS L2 ffEE L 72t J1 2 TR CHET R IR
% 80% ASFAMEER 75 & S mmwzw 2, FRMEVET %5 CRETLDOTH DY, T X 1) HE T HRED 3% L7
1‘WT&b®ﬁT_ibﬁ«%%@ﬂ&k%%&ﬁ EDOMELDH DYV, —F, FHOXKEE L THRD
CEBETIER CABICADL Z LT RN A WHETH 2 DT 5N L. —RIZHFEILA R D LAt -
?LLT RIEZRITIETHEL L, Flins & OITHET 72 IREE 2 MEBE SR PR O S ) % AN CTRED X 9 ICHEE
FEREIZIC T 9 5 720, A& O LIS iRl 7% THRE2 T 2. LA LIOEOAROIERClE. WHEE
FAHENT 2 EFHlSND, COXHI BT EnLEHR B ORI T] % AT 2 RO 2SO 0D T %
WPkl 97 b5 D 728 WE T HERE % AEHE I 0D 3 4 ik DS EEB Sk WA D D L. F 2 TR ORTE
THEEINE) T =Y a YOBREEFEHE > T b, T D70, MEGHZS IS %H?éiﬁ%%&&m
BWETREEINE) T =2 a YO EDIIA Y TIY MR R TEE &Lfmﬂfééﬁ AR, HRENR
CFH (UUF TR 2 35) 3B b, THUIHET R RTANAFT T4 — RNy 2RI NLEZ 2D

U KRR Y A T LIEEEFEIZERE  H2 T KR B i 7 B
AT ATEGE NENIR R = B R E g v 7 — U N T — 3 g VR R E RS b TR

1 BANDO TECHNICAL REPORT No.24/2021



5 TIUTE D ERMICELEIREZ RO Z EED
ERY . FHOBEEREETE L, BERESATY
BINAF T 4= KNy 7 FNAL AL LT, REHEX
RREH T 5 MY AH 590, REFHERILHET
BRI < & BB EZ T 20 0TH) . H
HEDSFRD LT Do — 7 FRT O B L ATV EE
TH ) MREHMCOMFIITHE L T, KEHE
74 M YHIEEEEIEIRE ) Ty A4 A TERIIL .
WEBHZE R A RTS8 5 2 L TRECTH Ho —
Jiv AR E CRGEOBMIEL HIRT 2 WD D
bo ZTDIOMRIEIGIZBCFHEONAF T 4 —F
Ny ZAETAIZER L Twiv, SO b
RECHEBIZEE., BHTRERNNA 74— Ny s
TONA ADPBEE SRTwb,

FITHERAE, LWL T T 4 — BNy 7734
AL LT, HWEARZICEFMH L RO T AL
HDICHEH L SO HIZHEM, Tk, BETH
D, EEOMIEICEESTH I EHWRETH 5o MEHO
REMIZE 52 EETH LT HTOREOZL
P HUETZ OB TE 5, RIFETIX, T
DINAF T4 — KNy 72D, FHREOFHE W
FHWMEIEZE OB Y A7 L FREL, TOHW
PEEMRFET 20 MiRITHARIZB W TIREROHE 3MIZH
LERKZERTHLHY, /20 MEOWLEED ) 565
WL EOEEE RSB EE HOTEY) . SinE O
RKOBLZ80% MMM L EbNTWEDY, i
WEPERf 22 1%. W MHEREOMIR N IS X ) A RMER 7 &
ERAATIE, BETERCAEICASLZ LT, S
MHEPEI L CREZ R T ETHEL L, Fink &
OICHE THBEIZR T 3 4 720, HEomEE bty
WEPEMI g4 BN 5 Pl ENDE, TOXH) RS
& B ERIEVERT SR O 726 . BT RRRE % MERF M O
EFTLMTHEE) N ) T =2 a VOEEUDIEH T -
Twh,

WETFEE)ANE)F—3 a3 DOEDIZA Y TILY
YFEH (LY TR &95) 2555, FHUIIME TR
@ < RO BALIZ L ) . T & MEEOZ E
BOYKR, F MR O LR, HEEIGE ) o8N %
HIE LTWwb, HiEL LCEEFTERHOE L,
MHEEINARAY E — 7 (23 L 72 AU CHET 2 — stk L,
—EREHIZE R A MERE L 728, DR R THE N R OIREE
WIRTHDTH DY, THUZ L VI THRAED U L 72
EDOMELH LYY, —F, FHOREE L THORD
WEECTH 2 DT BN 5, — ML DR D Lv-
ZIRREZ MBI P O NIC I ANTHRS )12
HCTHRRZ T 5. L2 LHOEOADIRTIX, MEH
B ORI & ANTE L2 RORES OO,
FEPEBRIRLZVEEN D D, €2 TFHOIUG%
BWHIT Bz, WETHZE FICBIFR§ 5 R B0 7 IR AE
ERERHE L L CRMTELICER L., IHE~
PRTDENAFT T4 = RNy I PEHENRDL Z EHdD

B3, TIUZE Y EICE EIRERZ RO Z EDES
Y, FHOBHEAMETE D, HEREINTWY
BINAF T 4 — KN 7 FNL AL LT, EEBEN
RRER T 4 b2 A H 5 Y0, KGRI T
B Lo 2T 200 THY ., A
REDFRDO STV D, —T, HHTO R &L AL FE
TH ) RFEHEMTOMFIIEE L T, SO
7 MR EHIEIRE ) TV 4 A CTERIIL .
WEDEZS L 2 R R SBIT 5 Z LA TH D —
Fy BRESRE RGO EZ HIRS 2 et DH
bo ZOIOMKHALGIZBWTFHONLF 7 4 = F
N ZFHICER LTV AR, SO LS R
B CHHICHEE, TR NI 74— NNy 2
FONA ADPTEE ENTWD,
FITERAZ, LWL T T 4 — BNy 7 784
AL LT, HEFEEZAEF L7203 At >
PDICER L. 2oy FIEER, ik, BETh
D, EEOMIEICESET D ENTRETH 5. EHD
RFEEICE T 2EET L LT, EHROREOZEL
M HWEFZ EOMIATIRETE 5, RBIZETIE, T
DINAF T4 — KNy 72D, FRIEOFHE W
FHOWAGEEZE FOMB Y AT AR REL, FOEW
PEEARRET %o

2. EH ERRIY R T L

BE T O, Figl ® X ) IZHREEZE B2 X D SEER O Rz
[ ERIEEALT %o W T HBHIET 5 & &I 2 MRTH I 2%
0 AL 72D E DS EFHIZ A2 o THE L 2% ) HURERE
FEGEIE LT 5, 2O EIEWIRTEETO
I EORZEIIFEC 20 . AR LA TIEEILE
{Tphe =2 %M E D & YOEICHUIRERE F 72 13 WETH
T LW o e O T IR IXMEBER RS
FEICREY FARL IR S L b A5 Cld Tk
DAt o EHNT, OO RERLEAE 5
WZFHERE 22 7N A B SR L 72

Laryngeal Neck circumference
prominence length
3 -i
Start Peak End

Time

Fig.1 Change of neck circumference during swallowing

BANDO TECHNICAL REPORT No.24/2021



Fig.2 Measuring device for laryngeal elevation
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Table 1 Results of laryngeal elevation detection using
difference of time-series data

Onset [s] Offset [s] Time [s]
MAE 0.15 1.47 1.45
SD 0.12 1.63 1.54

Table 2 umber of detectable subject using difference
of time-series data

Number of Number of
Pattern . .
subject detectable subject
Bathtub shape 15 10
W shape 2 1
Short V shape 2 0
Long V shape 2 0
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Table 3 Results of laryngeal elevation detection using
difference of time-series data and DTW

Onset [s] Offset [s] Time [s]
MAE 0.15 0.17 0.24
SD 0.13 0.29 0.25

Table 4 Number of detectable subject using difference
of time-series data and DTW

Number of Number of
Pattern . .
subject detectable subject
Bathtub shape 15 11
W shape 2 1
Short V shape 1
Long V shape 2 1
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Development of Respiration Pattern and SpO, Measurement System
by Thoracic Motion Using Stretchable Strain Sensor C-STRETCH®

K BR
Masaya YONEZAWA

Abstract

In recent years, as the number of patients with chronic obstructive pulmonary disease has increased, the demand

for respiratory rehabilitation has increased.

Focusing on this, we started to develop a medical device that combines the stretchable strain sensor

C-STRETCH®, which measures breathing patterns based on changes in the chest, and a pulse oximeter, which can

measure arterial blood oxygen saturation, an important factor in respiratory management.

As a result, it was confirmed that it demonstrates excellent followability with high detection accuracy and can

detect even curved surfaces with high accuracy.

Since it can evaluate breathing patterns and chest movements in respiratory rehabilitation non-invasively and

accurately in real time, we will develop it into a medical device that can be used in the medical field.

Keywords: Stretchable strain sensor; Medical device; Respiratory rehabilitation.
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Figure 1 Relationship between thoracic movement and
C-STRETCH® output waveform
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Table 1 Results of quantitative evaluation of respiratory rate
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Figure 5 Results of time ratio analysis of expansion and contraction
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Improvement and Application Development of Simple Measuring Instruments

for Surface Particles

wAR S AGR

Hisataka SUZUKI

Abstract

Particles generated in the manufacturing process of electronic materials affect the defect rate, and

countermeasures are important. Generally, in a clean room, floating particles are measured using a laser particle

counter, but the correlation between the floating particles and the number of drops on the product is not very clear.
Therefore, we have developed BANDO DEC-20® to easily measure falling particles instead of floating particles. The

concept of this product is simple and inexpensive, but various improvements have emerged during actual use by

customers.

Here, we report on the improvement and application development of the BANDO DEC-20°.

Keywords : Contamination control; Surface particle measurement; Environmental monitoring; Fallen dust;

Cleanliness; LED
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Figure 5 Alternative estimation of particle visibility
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Prediction of IR Spectrum by Quantum Chemical Calculation
Application to Maleic Anhydride-modified EPDM

e 1B

Masatoshi FUIINAKA

Abstract

Rie MORIMOTO

We confirmed the degree of denaturation and structure of EPDM modified with maleic anhydride from the IR
spectrum measured by FI-IR, but the detailed structure was unknown. We modeled the variate structure, predicted

the IR spectrum, and estimated the structure by quantum chemistry calculations.

Keywords: Quantum chemistry calculations; IR spectrum; DFT; Maleic anhydride; Modification; EPDM;

Structure; Prediction
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Table 1 DFT calculation condition
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Table 2 Absorption peak position of C=0 stretching band in IR spectra

Adjusted
by
Calculated . Measured
Sample (em-1) scaling (em-1)
factor
(em™ ")

. . 1867 1792 1781
Maleic anhydride 1929 1852 1852
Tetrapropenylsuccinic 1879 1803 1786
anhydride 1946 1868 1862
Hydrated 1710
tetrapropenylsuccinic 1849 1776 1785
anhydride 1862

Figure 8 Displacement vector of C=0 stretching vibration (1879cm™)
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Figure 9-1-3 Optimized model of MAH grafted to Figure 9-1-4 Optimized model of MAH grafted to
Position @ Position ®
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Figure 9-3 Optimized model of MAH cross-linked structure
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Development of Rubber for Transmission Belts Using Cellulose Nanofibers
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Abstract

Transmission belts are required to have various characteristics such as rigidity, flexibility, energy saving, abrasion
resistance, friction coefficient, and low temperature dependence. In order to achieve these properties, it is necessary
to consider the application of highly functional reinforcing materials. Therefore, we tried to apply cellulose
nanofiber (CNF) as a new reinforcing material to the transmission belt.

CNF is a nanofiber with excellent mechanical properties produced from plants. Since, it is an environmentally
friendly recycled resource for production and disposal. This can be expected to improve life cycle costs.

However, it is difficult to redisperse CNF by rubber processing such as kneading. Therefore, we chose a method
of complexing CNF and chloroprene in a liquid phase. This composite material gained high stress in the low strain
region and maintained high elongation at break. Additionally, reinforced with cellulose nanofibers became better
balanced elastic modulus and tand. This characteristic is considered to be influenced to the difference in the
reinforcing form of CNF and carbon black. This composite has excellent properties as a rubber material for a
transmission belt.

Key Words : Transmission belt; Cellulose nanofiber; Environmentally friendly; Composite material; Reinforcement;

Chloroprene
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Figure 1 Hierarchical structure of wood biomass and the characteristics of cellulose microfibrils ¥
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