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New design and verification of the motor-driven stability
detecting device with built-in piezoelectric ceramic sensing
element for dental implants
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In recent years, more and more researchers have used the resonance frequency
technique to detect the stability of dental implant. The advantage of this technique is
non-invasive and non-destructive; however, its repeatability and accuracy are not
satisfied. This thesis presents a new clinical technology to detect the stability of dental
implant precisely by using resonant acoustic method. Besides, a compact dental
implant stability detector equipped with piezoelectric ceramic and non-contact
acoustic receivers are also developed. The basic idea is, firstly, to retract the impact
force signal by using the piezoelectric ceramic and the vibration resonance signal by
using non-contact acoustic receivers. Then, the force signal can trigger a frequency
spectrum analyzer to acquire the data of impact force signal and response acoustic
signal simultaneously. The Fast Fourier transform (FFT) method is then applied to
convert the both signals from time domain to frequency domain and calculate the
frequency response function (FRF). The FRF can provide the dental implant on the
tooth bone boundary clinical inspection information. In order to verify the
practicability of the proposed devices, two experiments are conduced for verification.
The piezoelectric ceramic function should be checked and calibrated firstly by using
the commercial PCB GK291C80 impact hammer and then, both the responsive
signals are collected. The r2 of regression result is 0.9848 (p<0.005). It represents the
measurement accuracy and its good repeatability. In addition, the dynamic response of
home-made piezoelectric ceramic hammer matches well with the expected resonant
acoustic test criteria. As for the stability test, when the dental implant is clamped by
vise with force increasing from the ranges of 2 to 10 kgf-cm, the measured data are
increased. The dental implant is fixed in the PE rod with the outside length increasing
from 7. mm to 11 mm and the measured data are decreased. The r2 of regression result
is 0.9632 (p<0.005) when the traditional impulse force resonance method is taken as
the control group. The standard deviation of control group measured data is 70.0 £
89.8 Hz with a frequency span of 466.1 Hz. In contrast, the standard deviation of the
current study is 43.3 £+ 24.8 Hz with a frequency range of 95.3 Hz. From the testing
results, it implies that this newly developed device can detect the osseointegration
condition of dental implant on the tooth bone boundary more effectively and its
stability and sensitivity are also better than those of the conventional device.



