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Focus adjustment mechanism of gel lens by outer edge tension utilizing magnetic soft materials
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[Abstract]

Bifocals and multifocal IOLs improve the QoL of the wearer by introducing a static structure to the lens that allows
the lens to form images at multiple focal positions. On the other hand, we thought that a lens that enables continuous
focus adjustment could be developed if it had a flexible lens and a structure that deforms it as a whole mechanism. In this
study, we employ a magnetic soft material on the outer edge of a flexible hydrogel lens to develop a mechani sm that
enables continuous adjustment of the focal position by an external magnetic field. The gel lens was fabricated based on
the composition of dimethylacrylamide gel with a water content of approximately 90%, and a flexible material with
magnetic particles added was bonded to the outer edge of the molded gel lens. It was found that the lenses could be
deformed by an external magnetic field to adjust the focus.

Keywords: Gel, lens, magnetic material, focus adjustment, soft material

1. WFged s B FCE L, JE T A2 dI L 7 IR L DB TS
BT ARBERC S S AR L X111, BB OE s,
RALE RGO/ i i i 2L o XK E AT — 75T, IRERANO KGRI, JEPHOBERRR; OB

HZETEEMHD QoL &fa LTV, AL, B sREMRET /MR TIRREL, K RDIE 22
FICEo TR DO TFHEHIEL, HEOEREE20 ALSEDLILT, EkerICE REREEZ e L T0D. 2
BT DL ESIRNL AR, RARDIBITREAZHIZ OISR E ) T DR AR 5 2

FIVL> X - WS )V e
~
mMEZES
-
whTL > X%=5l5R

\

— ®
L SILL>X W)L
J

B1 HEMESILLO R

11 -



Conference on 4D and Functional Fabrication 2023

7o\, E IR O AR D N LD T RRE2)
RN XD E T~ DTN, A4 BN
T 7 F am—H %M JE 7 B E LT 4] 7
EDREIN TS, LL, ZEREE Y AT AT
HDH IR BENEDOFRE N BT

ZIT, Y T MM I DA RIS B LT
etk 7 M BN, BEMERL 2N EL, SN IC R
BINETIHZENRESNTND. AIFFETIE, Fik
R IVTRIEESNIZL v D JE DR 7 MBI
&L, SN Lo TR A LAE I 1 E L K
B2, L AR IS AT ETE AR BEZ RS T EE
TR AR LT (B 1) .

2. EBRITIE
2.1 Zlb v RVERR

TN RN, Va—r ORI 2R VRIR
ELIATe ZE TR L 7=, 7V RIZ i Bk o
VY DMAAM (P AF LT ZUIVTIR) 8/~ —EL,
BAREFINZ MBAA (AFL U ERT ZULTIR) | BREHIC
a—keto (a7 IWVHNEE) , TRIRIZKEE R Lz, 4
IO T, DMAAM A3 M, MBAA, a —keto 28E /<~
—IZXTLTENEN 0.2m01%,0.1 mol% TH5H. 37, ¢
50mm CRANZHDOL L AEBEL, L Va—2 & HNT
L ROBRIEARRL T 5K, MR LA VR TR %
WML, UV ZA NG EZ Y, H7)% 80% TH4
04y UV FARERRE LT, Lo DRIV L2 VIR
ERINGEIOHL, L RELT-.

E/V— | RUYT— BRIRE LS
DMAAM MBAA a-keto K
(DAFIL
To)IVT
2F)
1[Mol/L] | 2.0%x 103 | 1.0X 103
[Mol/L] [Mol/L]

X2 DMAAm BRDHAERK

2.3 WEMEY 7 MR ML R DRES
WatE Y 7 " EHX, ICN &7 AR IR 3N e e A B 2
20w% Bl A LIb DA 4 5.ICN 7 VIR OVERKIC
X, £/~ —&¢L T DMAAm, " ~<w—¢L T
HPC(HydroxypropylCellulose), 2% & #| & L T,
KarenzMOI-EG(2~
(-2methacyloyloxyethyloxy)ethylisocyanate),
St E A B A Al & L C, TPO(Diphenyl(2,4,6-trimethyl

benzoyl)phosphine Oxide), & L TRERLK 2f F L7=.

WE OEEITEL, TN REREBIZAI, FD
JED BRI VAR Tl 7=, %4 405nm @D UV FA
NRGHEEAFE L, 3ORRE AR 352 L TRiME
TNVER LS T

-12-

2.4 WeEZ L B IR

FPT K3 TRTIONG, BEMETZ AR DFRNMNIEL
BARONLE 2 [ E T 5807 1L XD 40mm D
HE CBISEH DA T ANERE T 5. 20K AEND, X412
R INCEERETE TR A L, K5IIRT X
NHEME VDR B LT A 20 AT DAL E %
LS ZHZETEISEDSE T, VL XEELT
RZDBNEACT D MR LT 3 A VT ML, &
IREPHTe I T IC R E L.

K5 A TLBAICEDHESILLY XEI5E

3. ERFER K OELR

TN Rl L TR L T2 AT AN DR % K61
AT FENCEDER, MGICLAER, WIThos
BTN REBLTHRADBIEL, EADOHLESL
72D RZD. OIS IGAIL, BT v X
EXAVT LA CTERSE SR LT, B0%
{EEAEIMUT2. 20U, FICLAMELLY, Bt v
BRIV LA TEIRET D088, FL s ROZ L
BNL S TCLESTZIENEBZOND . F, A HIH



Conference on 4D and Functional Fabrication 2023

WEIC L3305 fROEAE
. )
i
Al WA
; 12!
; e @
WEA?

X6 5IREERIER

MED B IETIL, L RAM360 28 1ES
ZENTET, B RZ T OEALD D727,

4. F

AMFFETIX, DMAAM &R A e L o XA R
L, BT VT N R BB R HZE T LY
L ADE ERE R, AL RERETHIEICK
0, FNAL U REBLTRRHEO A2 FNELT D5
MRFEL7-.DMAAm &KL, S Va—r ORIz 452
LIZED, ST R RHIANER T D2 &N CTETF
7o, B Z NN o e AT HI LXK, 1T
TN ReB T AT LN TE- AN Xah BT
HZEZEY, LU REBL TR ADBDOE L E MR TE
7-.

BBX, TNV A BERET D20, 0T
PR EREAT O AR5 52, 5IRICE Lkt o
HEZ R 5.

SE 3k

1. KAfM—, vty BE L1, FARE
Defocus curve following the implantation of
multifocal intraocular lenses, H A REFIfH L=
56 36 81-84,2007

2. TomohiroYokoo, RuriHidema, Hidemitsu Furukawa,
Smart Lenses Developed with High—Strength and
Shape Memory Gels, e—Journal of Surface Science
and Nanotechnology, 2012, 10 &, p. 243-247,

3. M W, AR, H)IZO0 TEAEEE R MY
— /MG A A EIENES v R F e T T
7 )a—OfE AV — 7/ 10(2012):346-350.

-13 -

4. Horiuchi T . Mibashi T ., Hoshi S. okamoto F .
Oshika T (2021) A4 HR)~—&BERT 7 F =
T—HEAER LT N TIHEIIRANL > X, PLoS ONE
16(6):€0252986https://doi.org/10.1371/journal.po
ne.0252986

Eirsa

ARFFED—HERIE, JSPS BHAfFE,
JP21H04936, JP22K17972, & HiE AN NEDO D¥#%
FE(JPNP14004 & JPNP20004)Z L~ CHIBEZITT-HD
Thb.



