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Abstract – Since the discovery of piezoelectric properties 
of natural bone, electrical stimulation has been widely 
used in the clinical treatment of orthopedic fracture. 
Nevertheless, in dental implant technologies, it is the 
methods of surface modification that has been recently 
developed to enhance early osteointegration between 
implant’s surface and surrounding tissue. In this paper, in 
order to accelerate bone formation, we developed a 
battery powered biphasic electrical current stimulator 
integrated in healing abutment of dental implant. In vivo. 
animal test shows that the proposed electrical stimulation 
system expends the osteogenesis of the implant’s surfaces 
by 2.15 times more than that of controls. Based on these 
results, we propose novel dental implant technology that 
can be applied to patient with osteoporosis.  

Keywords: dental implant, electrical current stimulation, 
osteogenesis. 

1 Introduction 
  Since the 1960s, a large number of studies were 
performed demonstrating that when direct electric currents 
were applied to bone, osteogenesis was induced at the site 
of negative electrode. [1] These specific phenomenon of 
electrically induced osteogenesis has been noted to occur 
within specific parameters. Brighton CT and his 
colleagues have demonstrated in their animal studies that 
direct electrical current stimulation can accelerate fracture 
healing when the active cathode is placed within the 
fracture site. And they described that the actual 
mechanism by which osteogenesis is induced in vivo is 
thought to be attributable to electrochemical reactions that 
occur at the interface of electrode and tissue. [2] In several 
in vitro studies, direct current stimulation is capable of 
triggering mitosis and recruitment of osteogenic cells such 
as osteoblasts.  In spite of these studies, the precise 
mechanisms by which electrical stimulation induces bone 
formation and healing are largely unknown.   
 In this paper, we applied electrical current 
stimulation to dental implant for accelerating bone 
formation around the implant surface. In dental implant 
surgery, early osteointegration at the interface of implant 
fixture and bone is the key technology to succeed in all 
surgery and to shorten a term of dental treatment. In order 
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that electrical stimulation might be applied to dental 
implant, we had to design small sized IC chip powered by 
micro battery, and integrate all into healing abutment that 
is made for balancing between teethridge and dental 
implant.  

2 Chip and system integration 
2.1 Chip integration 
 We designed the biphasic current stimulator chip 
using a 0.35µm fabrication process of SAMSUNG 
semiconductor through the 44th IDEC MPW program. In 
order to form a biphasic current pulse, several switches are 
needed composed of semiconductor switch. The switch 
configuration to form the biphasic pulses is shown in 
Figure 1(A). The complementary D1 and D2 signals are 
delivered to switches, M1 to M4, while another switch M5 
is turned on by D3 signal. The current capability of 
stimulator is precisely controlled by the L/W ratio of M6 
and by the amplitude of the bias voltages applied to its 
gate terminal. During the first phase of a period, the D1 
signal turns on both M1 and M3 switches, while M2 and 
M4 switches stay off and the electrical current flows from 
the channel to reference electrode. This forms the positive 
phase of the biphasic current. During the second phase of 
the period, D1 signal turns off M1 and M3, while D2 
signal turns on M2 and M4, and the current flows in 
reverse direction, from the reference to the channel 
electrode, forming the negative phase. 

Figure 1(B) shows the measured biphasic 
current waveform with 20µA/cm2 of current density, 
120µs of duration and 100Hz-pulses train with 10kohm 
load. These parameters are fixed at preliminary in vitro 
experimental data. [3] The chip consumed 142µW power 
and lasted 7days in an implanted site with a serial 
connected silver oxide battery(SR421SW, Sony).  

 
2.2 System integration with package 

The fabricated chip die was wire-bonded with 
printed circuit board, 4.6mm-diameters and respectively 
connected with lower healing screw as a reference 
electrode and upper healing cap as a channel electrode. 
Poly-carbonate was used as a insulting materials and 
package. Figure 2 shows schematic diagram of our design 
and its implemented system. Biphasic electrical current 



flows from reference to channel electrode in case of 
cathodic first current.  
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Figure 1. schematic diagram of biphasic current source 
and in/output signals(A), measured biphasic waveform and 
pulses train(B). 

Channel 
Electrode

Polycarbonate 
package

Reference 
Electrode

Battery

Current 
Stimulator Chip

Channel 
Electrode

Polycarbonate 
package

Reference 
Electrode

Battery

Current 
Stimulator Chip

 

Figure 2. Integrated stimulator system 
2.3 In vivo animal test 

 The integrated stimulation systems were 
implanted into the beagle dogs. After pulling out premolar 
of maxillary and mandibular, wounded sites were 
stabilized for 45 days. Then, the electrical stimulator was 
implanted in mandibular first premolar with the control. 
Electrical stimulation was applied for 1 week and the test 
group was respectively sacrificed at 2 weeks and 4 weeks 
after stimulation. Histological specimens with H&E and 
Masson Trichrome staining were made and 
histomorphometrically analyzed with image analyzer.   

3 Results 
A new bone formation was observed around 

implants in the experimental group. 1 week’s electrical 
stimulation and another 1 week’s stabilization increased 
bone formation volume from 7.23% to 15.56% and 3 
week’s stabilization after stimulation increased volume 
from 11.81% to 27.3%, but neither of them increased bone 
implant contact length. Figure 3. shows H&E and Masson 
Trichrome stained implant surface and data table.  
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Figure 3. H&E and Masson Trichrome stained implant 
surface and data table (p<0.05). Data are expressed as 
means ± SE; n=10 animals for each group.(unit:%) 

4 Conclusions 
Electrical stimulation of bone can promote 

osteogenesis in various experimental data. In this paper, 
using electrical stimulation, we developed a new dental 
implant technology for early bone formation surrounding 
implant surface, resulting in early loading of implant.  
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