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Restoration of Blink Function in the Paralyzed Rabbit
Using Electroactive Polymer
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Background and Objectives: There have been numerous modalities to recover blink function
of orbicularis oculi muscle in patients with facial paralysis. However, there is still no optimal
method for reanimation of eyelid.

In this study, we tried to recover blink function of paralyzed rabbit’s eyelid with the ion polymer
metal composite (IPMC) which is one of the electroactive polymers that is spotlighted as artificial
muscle.

Materials and Methods: We manufactured IPMC by plating the platinum over perfluorosulphonic
acid polymer (Naﬁon®). IPMC was coated by Norland optical adhesive for the purpose of insulation
and keeping it from dry. IPMC modifications by roughening the surface of Nafion, repetitive
plating (maximum 4 times) with platinum, and lengthening the width of IPMC were done.
The facial paralysis was induced in the rabbit by sectioning of facial nerve at the main trunk.
After minimum period of 4 weeks, IPMC was inserted in the paralyzed rabbit’s eyelid.
Results: By modification, the force generated by IPMC was enhanced. Restoration of blink function
in paralyzed rabbit was achieved on electrical stimulation of the IPMC by 5 voltage direct current.
Conclusion: IPMC can be promising option for facial reanimation, but further studies are needed
to enhance the efficiency of IPMC.
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Table 1. Comparison of attributes between electronic EAP and ionic EAP family

Type Advantages Disadvantages
*Rapid response time *Require high voltage
Electronic  eInduce relatively large actuation forces *Require compromise between strain and stress
*Can operate for long period of time *May require coating
*Require low voltage *Slow response time
*Provide predominately bending actuation  *Bending EAPs induce a relatively low actuation force
Tonic *Exhibit large bending displacement *In aqueous systems the material sustains hydrolysis at

>123 V
*May require coating
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Fig. 1. Identification and resection of facial nerve
main trunk and its branches. At the anterior margin
of parotid gland, facial nerve main trunk was identi-
fied by retrograde dissection from facial nerve
branches which were identified easily.
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Fig. 2. Diagram of cut surface of the ion polymer
metal compositecoated with the Norland optical ad-
hesive
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IPMC actuators
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Figure 3. Insertion of ion polymer metal composite
(TIPMC) to paralyzed upper eyelid (A) Diagram
showing the direction of the IPMC action to close
the eyelid of the paralyzed rabbit. (B) After metic-
ulous subcutaneous dissection of the paralyzed upper
eyelid of rabbit from both sides, the strips of IPMC
are being inserted and connected to electrical
stimulator. i
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Fig. 4. Amplitude of IPMC force - applied voltage
curve according to plating number. As the number
of plating increased, the force generated by IPMC
increased
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Figure5. Scanning electromicroscopic images of
[PMC after serial plating with platinum. (A) Onetime
plating, (B) two times plating, (C) three times plating
with platinum. As plating number increased, the
thickness of platinum layer did not increase, but the
density of the platinum layer increased.
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Fig. 6. (A) Diagram of 3 layered ion polymer metal
composite (IPMC) (B)Amplitude of IPMC force - ap-
plied voltage curve according to layer. As the number
of layer increased, the force generated by IPMC
decreased.
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Fig. 7. Amplitude of ion polymer metal composite
(IPMC) force - applied voltage curve according to
width of IPMC. As the width of [PMC strip increased,
the force generated by IPMC increased.
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Table 2. Comparison of the properties of EAP, EAC and SMA

Property Electroactive polymers

Electroactive Ceramics

Shape memory alloys

(EAP) (EAQ) (SMA)
Actuation strain >10% 01-03% <8%*
Force (MPa) 01-3 30-40 about 700
Reaction speed msec to sec msec to sec sec to min
Density 1- 2.5 g/ec 6-8 g/cc 5-6 glc
Drive voltage 2-7V/10-100V/mm 50 - 800 V NA
Consumed Power m-watts watts Watts
Fracture toughness resilient, elastic fragile Elastic
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Fig. 8. Mechanism of IPMC bending. Polymer is
composed of immobile polymer anion and mobile
cation. If the electrical current exists, cation may
enter the fluid and travel to the cathode and produce
an overall motion of the fluid, relative to the fixed
polymer ions. As the cathode side of IPMC becomes
rich in fluid relative to the anode side, the IPMC
begins to bend.
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