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Abstract² This paper reports a transplantation tool for the 

retinal pigment epithelium in an eye. We have developed MEMS 

manipulator as an end-effector for transplantation of retinal 

pigment epithelium cell sheet. Typical size of MEMS 

manipulator is 3mm×3mm. MEMS manipulator was made of 

polydimethylsiloxane and driven by pneumatic balloon actuators. 

MEMS manipulator have been improved and integrated with 

several functions by sensors and actuators. MEMS manipulator 

is integrated into a transplantation tool. A whole tool also 

requires improvements based on our experimental results. We 

have improved our tool in terms of assembling, sealing, and 

operation. 

I. INTRODUCTION 

Tissue engineering for regeneration medicine has been 
rapidly developing. Transplantation surgery of a cell sheet is 
strongly expected to cure inextirpable disease while DDS 
(Drug Delivery System) is expected to deliver drug to 
targeting areas in the body. Recently study on medical MEMS 
becomes popular by taking advantages of their integrated 
functions. We have studied MEMS devices for transplantation 
of retinal pigment epithelium (RPE) cell sheet. Various MEMS 
manipulators based on pneumatic balloon actuator (PBA) have 
been reported since 2006 [1-4]. This paper reports a whole 
transplantation tool including a MEMS manipulator and its 
peripheral mechanisms. Presented tool has been improved 
through continuous previous experimental evaluation of 
prototyped tools. 

II. MEMS MANIPULATOR FOR RPE CELL SHEET 

MEMS manipulator has been designed by taking account 
of proposed transplantation operation of RPE cell sheet (see 
Fig. 1 and Fig. 2). Developed MEMS manipulator was 
basically composed of a head (3 mm×3 mm), an arm (40 mm 
long), and a base with interconnection. Details of fabrication 
and principle has already reported elsewhere [2]. 

 

 

 

 
 
 
Figure 1 MEMS manipulator for RPE transplantation. 
(a) Driving head [2], (b) Whole view. 
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The head made of polydimethylsiloxane (PDMS) can be 
retracted into a cylindrical shape to be accommodated in a 
needle. Initially, retinal dome is formed by filling subretinal 
space with physiological saline. The head of manipulator holds 
RPE sheet. The MEMS manipulator is driven by PBA 
actuation. The cylindrical head of manipulator holding RPE 
sheet is then accommodated into a hollow needle. The hollow 
needle with the manipulator holding RPE sheet is subsequently 
introduced into the retinal dome. The manipulator is pushed 
into the dome from the opening of the hollow needle. Then the 
head of manipulator is opened in the dome to release.  
RPE sheet is supported at corner of manipulator by gel so as to 
follow the deformation of manipulator. As a result of these 
sequential procedures, RPE sheet is carried and transplanted 
on the bottom of the eye. 

III. TRANSPLANTATION TOOL  

A. Previous tool 

A transplantation tool is equipped with a MEMS 
manipulator. Surgeon can operate a MEMS manipulator by 
using driving mechanism of tool. Figure 3 shows previous tool. 
Previous tool could move MEMS manipulator back and forth 
in a hollow needle. Previous tool was composed of a hollow 
needle, a grip equipped with mechanism for linear motion of 
manipulator. A MEMS manipulator with a RPE sheet is 
pushed out from a hollow needle in an eye (see Fig. 3(a) and 
Fig. 3(b)). 

 

 

 

 

 

Figure 2 Outline of transplantation operations [2]. 

A needle tool holding MEMS manipulator is inserted into an 

eye.  MEMS manipulator is actuated and opened in an eye. 

 

 

 

 

 

 

Figure 3  Appearance of previous tool. 
(a) Retracted status, (b) Releasing status. 
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