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Development of in vitro test for performance degradation and safety of a contact lens-

type wearable sensor device simulating eye rubbing

Hideyuki Sakoda®, Yusuke Tsuboko, Yoshihiro Okamoto and Eiichi Yamamoto

A variety of contact lens-type wearable sensor devices are currently under development. These
devices present an additional risk to traditional contact lenses, including performance degradation due
to sensor malfunction and eye damage due to exposure to embedded sensor components. The objective
of this study was to develop an iz vitro test to evaluate the performance degradation and the risk of
component exposure due to the physical load associated with eye rubbing.

A contact lens-type wearable sensor product with embedded metal components in the polymer
body was employed as the test specimen. The device was activated, and a cyclic compressive load
simulating eye rubbing was applied in synchronization with the timing of its periodic measurements.
Consequently, the number of cycles before the sensor malfunctioned could be evaluated.

Furthermore, the potential for X-ray computed tomography imaging to detect the exposure of
metal components following the physical failure of the sensor was also investigated. The use of a
copper filter served to mitigate the impact of metal artifacts introduced by the metal components, yet
concurrently resulted in a reduction in contrast. However, the contrast between the polymer body and
its surroundings improved when the sensor was imaged while immersed in a potassium iodide solution.
Consequently, the outline of the sensor became discernible, thereby enabling the determination of

whether the embedded components were exposed.
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Fig. 1 Internal structure of the Triggerfish sensor and
test site. Red circles indicate approximate test sites
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Fig.4 A sensor intentionally fractured by punching.
The punch penetrated the Triggerfish sensor completely
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Fig.5 Results of the cyclic compression tests tested
under maximum load of (A) 6.4 N, (B) 12.8 N, and (C)
25.6 N. Closed circles indicate the occurrence of a failure.
Open circles indicate specimens that completed the test
without failure. The number of specimens was two for a

maximum load of 6.4 N, and three for other conditions.
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Fig.6 Comparison of displacements during the test

(B) 283rd cycle

Fig.7 Triggerfish system measurements when tested at ‘Near chip’ with the load of 12.8 N. (A) 88th cycle, (B)
283rd cycle.

(A)

(B)

Fig. 8 Optical microscope images of the Triggerfish sensor before and after compression tests with a load of 25.6
N for 8,640 cycles. (A) Before tests, (B) after tests, adhered to the simulated eyeball. Bars indicate 1 mm.
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Fig.9 X-ray CT images of the Triggerfish sensor. (A) Before tests, imaged without filter in air, (B) before tests,
imaged with the 2 mm thick copper filter in air, (C) Before tests, imaged with the 4.5 mm copper filter in potassium
iodide solution, (D) after cyclic compression test with a load of 25.6 N for 8,640 cycles, imaged with the 4.5 mm
copper filter in potassium iodide solution, and (E) after intentional fracture by punching, imaged with the 4.5
mm copper filter in potassium iodide solution. Yellow, blue, and red arrows indicate antenna, chip, and exposed

metallic components, respectively. Bar indicates 5 mm.



Ay VYA 2T T 7Nk =0 BEY 2 g L MRSl L RAETEICBT 5 i vitro FHEEDORIE 47

BERH LI NS, RO X ) Zin vitroiREEIZ X %
SIS TH AL EEZONDL. In vitroikBRO TN
HolzoTE, MKREHITLEMLETILEND S
A, =T, BRI H L BRI PERE L
D57 & ORBRSM: &SRB RO BIRREIC 2 %
X9, R ML T A EAEE L, HIZY B
W2, avs 7 VLY ARy 27 5Tk v —I2ERhE
Wb B IEAERFEZT TR, RIS Ffrog & L, £
N XBEARD2SMb A, LA L, IRERRPIREE 2>
57 b v ZOMOBEEREIIRD TERWY Z &2 5,
VI NV YAy LT ST v —=Ilb b A
Wi E IS X B30, ST I O JE AT H 12 T~V
KWEEZONDL., 20720, AWIETIZ, EMTED
AEMHAL, 7, BEOEERD AV HERMEIL,
Higgh opsofEz2 il L#E" 2 2% I1c L. 727
L, A EMHEEAREESTHENRELZDDOTH D
LR, HEVEZB LB XA RFEICHLTIT) 2 &
T, HEYVHOZMNE LD THE I L7 EITHER
VLETH 5.

AREBRTE DD > 2B OZ M EIE, AR X 5
otz ) a— R XD EEEERDSE R B AT
HbHZ LT, LY —OMEIIAE =T, St
TELEEMNMEBIZEVWPELZDDEEZOND. ZO
R, RBREALC X D v —ICBEARET L T TOY
A7 VEICHEDDH Y, WEICHTLIERENIKEL R
BICHEy, XD RENCRE SR ET 2 EMEH 72 —
B, KELROTAIRETLHD, L OBEEZAL
RT WO EEZLNS., ZDXHIZ, JEMMEE N2
%00 b RS RS b 720, FHEIN R OFEICIE
UC, BB 2 M3 2 LB D 5.

Aifgecix, fiHL-BREoMMD0, R %
R TAMEI & L7z, B o BEAI O % 17 ) Ha
&, BEEGOMHHNR, HEShMH ST
T, KRB Z0ET 2 0LEPH 5. 72721, BEDIL,
ZOMEOKRE ST TR L, HEIZHKE RMEEED
HHYWEV) FHICHLEEB LM ER L, T ofkE
DX, BHEICL-oTiE, HRoOHEY) OEENRD S
BHEICXAMEHZHIRTL2ZEEZON5.

WiEE SEA» MR S 2Tk, MigeeRmED
B OXMOWIFE DI IR, B & 22K 0 M D72 D3
BDTRSVZ LMD, BRBPTOWRGETIE, &87—F
77 7 MERWH LoD 20l & IR T 5 2 L8
Wiichortz. 2T, R T4 NI —ZHOTEE
T—F 777 bERIET S LI, EYICHEL KT
BHRICRE 2 RELRETRG T2 28T, BiRo
e A)E B oW 5 & WREICHI T % 2 AT REIC
ol avELEWIERALE LTHHINLTYS

0, AFEOKE, BREDT Y b T A IR BEE,
WEOBEFLELTCOFHTE L 2 LRSS NTZ. Kk
W, aVEZ 2NV YA 2T I TN =73 TR

{, ZO—HIZEIE % EUke REFRESR ORI, 1A
ISHTREE EZ 5N 5.

ARAFGE D45 F, R K25.6 NO E % 8 640l 2. 72354
ThH, Uy I —omiEe, SEEMHOBHIIRD LN
otz Tl AEBOXHI, LU —omEsE
CAHEICE Y —DREFELLDOTHIUE, Thzii
HML7I9—2%2 32T, o —oniER el
mn DTN X 2 IRREE 2 KIRITRE 2 & 25T & H 1 Rek
Wb,

5. R
HgDICENST2a 227 Loy By 27570k
VYA O & Y — ORRERE I X 2RSS,
MRERIEGE DR D B & ¥ —ERE DT % 5Hl§ %
RERAEREL L7, WEE b v — MR R I8+
L5FEFTONA 7 NVEEOMEEEZHLNIITHI LT,
LU —ORERE RN TE L. T2, FufbaU
DR W XBCTHGE 2 1TH) 2 L2k, kv —
DB OBEL LM TE 5.

SCHR

1) Tao, Q, Liu, S, Zhang, J., Jiang, J., Jin, Z., Huang,
Y. Liu, X, Lin, S, Zeng, X., Li, X., Tao, G., Chen,
H.: Clinical applications of smart wearable sensors.
iScience 2023; 26; 107485.

2) Tseng, R. C., Chen, C. C., Hsu, S. M., Chuang, H. S:
Contact-lens biosensors. Sensors 2018; 18; 2651

3) Ay ¥y MLy AKBIEEDLIFIZONT (Z0
2). JEAEGEBRESE - ATGREA R RSN AR
041145 8 5 (PHL314E 4 H11H)

4) Najmi, H., Mobarki, Y., Mania, K., Altowairqi, B.,
Basehi, M., Mahfouz, M. S., Elmahdy, M.: The
correlation between keratoconus and eye rubbing:
a review. Int J Ophthalmol. 2019; 12: 1775-1781.

5) Masterton, S., Ahearne, M.: Mechanobilology of
the corneal epithelium. Experimental eye research
2018; 177: 122-129.

6) Hafezi, F., Hafezi, N. L., Pajic, B., Gilardoni, F.,
Randleman, J. B., Gomes, J. A. P., Kollros, L.,
Hillen, M., Torres-Netto, E.A.: Assessment of the
mechanical forces applied during eye rubbing.
BMC Ophthalmology 2020; 20: 301.

7) Dunbar, G. E., Shen, B. Y., Aref, A.A.: The
Sensimed Triggerfish contact lens sensor:



48 [E YAV S i

.
=

=]
on

£ OWE e AT #1425 (2024)

efficacy, safety, and patient perspectives. Clinical
Ophthalmology 2017; 11: 875-882.

8) Nakashima, Y.. The use of X-ray CT to measure
diffusion coefficients of heavy ions in water-
saturated porous media. Engineering Geology
2000; 56: 11-17.

9) Kanda, Y. Investigation of the freely available

10)

easy-to-use software 'EZR' for medical statistics.
Bone Marrow Transplant 2013; 48: 452-8.

Mabuchi, K., Iwashita, H., Sakdai, R., Ujihara, M.,
Hori, Y.: Development of a pendulum machine for
measuring contact lens friction. Biosurface and
Biotribology 2021; 7: 154-161.





