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Ho-Beom Kwon, D.D.S., M.S.D., Yung-Soo Kim, D.D.S., M.S.D., Ph.D., M.S¢.(0.5.U.),
Chang-Whe Kim, D.D.S., M.S.D., Ph.D.
Department of prosthodontics, Graduate school, Seoul National University

A precise fit of the implant prosthesis is one of the most important factors in preventing mechanical

complications. To analyze the degree of the misfit of implant prosthesis, a modal testing experiment

was accomplished. And to interpret the modal testing analysis mathematically, three-dimen-

sional finite element models were established. In the experimental modal testing analysis, with a

laser displacement meter, FFT analyzer, impact hammer, etc., natural frequencies of the models with

various degree of prosthesis fit were determined after the frequency response function were cal-

culated. In the finite element analysis, the natural frequencies and mode shapes of the models which

simulated those of experimental modal testing were computed. The results were as follows:

1. Natural frequencies of the prosthesis-abutment were related to the contact state between com-
ponents.

2. In the modal testing experiment, the natural frequencies increased from 50gm to 200gm gap and
reached a plateau.

3. In the finite element analysis, the natural frequencies decreased gradually according to the in-
crease of the gap size.

4. In the finite element analysis, the mode shapes of model 1 with misfitting prosthesis showed dif-
ferent patterns from those without misfitting prosthesis.

5. The devices including a laser displacement meter used in this study were useful for measuring

the natural frequencies of an implant prosthesis which had various degrees of fit.
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gested to be related with various biologic and pros-

P recise fit between the bearing surfaces of the
implant abutment and the prosthetic framework has
been thought to be one of the most important factors
in ensuring long-term success of implant-support-
ed restorations."® An inaccurate fit of the prosthet-
ic framework to the implant abutment was sug-
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thetic complications.** Biologic complications
include crestal bone loss around the implants and loss
of osseointegration.>! Prosthetic ones include
loosening of prosthetic-retaining screws and fracturing
and/ or locking of abutment-retaining screws.»*"**

Although it is plausible that misfitting prosthesis
may threaten the long-term stability of ossecintegated



implant, clear evidence to support this assump-
tion is lacking.* Roberts et al.” demonstrated that
ankylosed or osseointegrated implants do not seem
to become damaged by constant strain. Carr et al.2
were unable to distinguish an effect from the in-
tentionally applied, measured misfit between implants
in the animal posterior mandible. Michaels et al.» eval-
uated misfitting implant frameworks in animal ex-
periment and found no significant clinical, radi-
ographic or histomorphometric evidences of implant
integration failure, although bone remodeling
around the implant was noted. Jemt and Book*
correlated in vivo measurements of implant prosthesis
misfit and changes in marginal bone level around im-
plants placed in the edentulous maxilla. They reported
that a significant statistical correlation between
marginal bone level and prosthesis misfit was not
found, and the results of both animal and human
studies indicated biologic tolerance for prosthesis mis-
fit.

Based on the above-mentioned experiments, mis-
fits of implant prosthesis seem not to be related
with bone loss. But, delayed component failure
may be caused by misfitting implant frameworks.
Many investigators agreed that inaccurate fit can re-
sult in the generation of considerable stresses in a
screw-retained prosthesis when the superstructure
is connected to the abutments and this may give rise
to complications and mechanical failure.*? Although
the cause of mechanical failure is multi-factorial, it
seems that fixed prostheses should have a passive
fit to the osseointegrated implant to prevent me-
chanical complications.?*

If it is assumed that precise fit of the implant
prosthesis is significant, the methods of confirming
the existence of misfit and measuring the degree of
misfit should be considered. There can be two dif-
ferent ways in which to measure the misfit of implant
prosthesis. One is to measure the misfit when the im-
plant prosthesis is laid passively on the top of the
abutment without deformation of the prosthesis.”

The other is to measure the force or strain which are
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introduced when the prosthesis is screwed with
the torque as recommended by manufacturers.

In clinical situations numerous methods to assess
the fit of a casting have been suggested including al-
ternate finger pressure,” testing for rocking of the cast-
ing,* visual inspection for gaps between the gold
cylinders and the abutments,®* tactile assessment
of binding and resistance of the screw,! the use of ra-
diographs®** a disclosing medium,®* one screw test,
and relying on the patient’ s feedback regarding
pain and discomfort."” Although these methods
are very useful in clinic, they def)end on the clinician
s senses and subjective decision.

Instruments which can measure the fit of the im-
plant prosthesis have been presented. Tan et al.* in-
troduced the coordinate measuring machine in the
measurement of the three-dimensional distortion of
an implant prosthesis. In the study using the coor-
dinate measuring machine, Mulcahy et al.* sug-
gested that the datum plane and the reference sys-
tem should be set up external to the framework, and
emphasized the necessity of consistent references,
insisting that the value of the data, in other studies
was limited because of the use of the relative dis-
tortion model. Numerous papers have been pub-
lished*** since Lie and Jemt* introduced the pho-
togrammetric technique. Riedy et al." used a laser
videography to evaluate the precision of fit be-
tween an implant framework and a patient simulation
model. Using these current techniques, it seems
possible to achieve results at the micrometer level.?
However, most of these methods are difficult to
use in the clinical fields. Although the photogram-
metric technique is said to be the only method that
records the fit data intraorally,” it require a number
of instruments, steps and procedures to introduce
errors.® _

The above-mentioned methods involves mea-
suring the gaps without deforming the implant
prosthesis. On the other hand, measuring the gap is
different when the prosthesis is screwed on the

abutment, seeing as with the torque, the super-



structure will bend to close the screw joint when a
misfit exists. Although Millington et al.® reported that
the screw joint failed to close when the fit discrep-
ancy reached 55um, the magnitude of the gap
which can be closed with appropriate torque cannot
be expected. The bending of the prosthesis is close-
ly related with the stresses generated when the
screw is tightened, while the level of the stresses
caused by fit discrepancies is dependent on the
size, shape, and location of the gaps; interabut-
ment distance; and the shape, dimensions, and the
stiffness of the metal of the superstructure.®*
However, the methods of measuring the gaps when
the prosthesis is screwed is signiﬁcant, because
the state when the implant superstructures work can
be recorded.

Some scientists have attempted to use the vibra-
tional characteristics in implant research. May et al.*
suggested that the Periotest instrument can be used
to quantify the fit of the component interface.
However, results of the studies with the Periotest have
demonstrated that the Periotest value can be in-
fluenced by such factors as: angulation, striking
point, and abutment length.*## Recently, a non-
invasive and nondestructive technique based on
vibration theories has been proposed by several
authors to assess the implant stability and to mon-
itor the periodontal problems. The mechanical sta-
bility characteristics of the teeth after applying a si-
nusoidal force were discussed.** Kaneko et al.** tried
to analyze the relationship between the harmonic re-
sponse of an implant and the condition of the bone-
implant interface. In their study, they analyzed the
waveform of the vibratory response in the time
domain. Elias et al.® suggested the theory that the 6-
dB roll-off frequency can be used to distinguish

between interfaces based on clinically relevant

structural characteristics. Meredith et al.* used a

steady-state sinusoidal force to induce the vibration
of implants in vivo and in vitro. But their method was
contact analysis which meant that the vibration
transducer must be attached to the tested implant.

613

Huang et al.* used a modal testing technique to mea-
sure the natural frequencies of implants under dif-
ferent boundary conditions. In their study, a transient
force was applied by an impulse hammer and the vi-
bration signal was received through piezoelectric mi-
crophone without contacting the tested sample.

Natural frequency is a function of the stiffness and
the mass of a structure and is related to the bound-
ary conditions of an object.*® Modal testing, a non-
destructive and non-invasive testing technique,
can be used to measure the natural frequency of a
structure.® It has been used to evaluate mechanical
properties of dental implants and other tissues by in-
ducing vibration and subsequently measuring the
vibratory response.* Lee et al.* obtained natural fre-
quencies from healthy human maxillary central
incisors using a modal testing technique and assessed
the influence of the periodontal attachment level on
frequency.

Finite element modelling has long been used to an-
alyze the biomechanical properties of various bio-
materials and has proven to be an excellent tool. %
It has also provided an accurate mathematical sim-
ulation for modal testing experiments. Williams
and Williams® calculated the frequency response of
dental implants with excitation condition using
the finite element method and concluded that the dy-
namic analysis is sensitive and meaningful.

The purpose of this study was to evaluate the
modal analysis as a tool of measuring the degree of
the fit of the implant prosthesis. In this study the pros-
thesis-abutment replica complex which had various
degree of misfit were analyzed by experimental
modal testing and finite element modelling.

MATERIALS AND METHODS

Modal analysis is a process of determining the nat-
ural frequencies, damping factors, and mode shapes
for a structure. This is usually done either experi-
mentally through frequency response testing or
mathematically using finite element analysis. In



this study a modal analysis including experimental
testing and finite element modelling were used to as-
sess the vibrational characteristics of implant pros-

thesis.
1. Experimental modal testing

The modal testing analysis is a process whereby
a structure is described in terms of it' s natural
characteristics which are the frequency, damping and
mode shapes.” Natural frequency is an important pa-
rameter for dynamic description of a structure.

A time response of a vibration can be converted
to the frequency domain by performing a Fourier
transform of the. time signal. The frequency do-
main representation of this converted time signal is
often referred to as the frequency response function.
There are péaks in this plot which correspond to the
natural frequencies of the system. A frequency re-
sponse function is the output to input relationship
of a structure. Mathematically, it is the Fourier
transform of the output divided by the Fourier
transform of the input. In this study a frequency re-
sponse function was measured experimentally and
then was analyzed to find the natural frequencies.

A model having precise fits of the implant pros-
thesis on the abutment replicas was constructed. Three
Branemark Estheticone abutment gold cylinders(DCB
141, Nobelbiocare, Goteborg, Sweden) were put on
a flat surface approximately 7mm apart in a straight
line. After they were splinted with a pattern
resin(Pattern resin, G-C, Tokyo, Japan), wax-up
procedures for full veneer gold crowns were done.
Splinted crowns were cast with type [ gold. Then
three Brd nemark Estheticone abutment replicas(DCB
176, Nobelbiocare, Goteborg, Sweden) were as-
sembled to the prosthesis using gold screws(DCA
075, Nobelbiocare, Goteborg, Sweden) to fabricate
the prosthesis which have a precise fit. Then the pros-
thesis-abutment replica assembly was embedded in
the dental stone. The stone base was 50mm high,
20mm wide, and 35mm in length.
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After the gap-free model has been made, the dis-
crepancies between the abutment replica and pros-
thesis were created with thickness gauges. The
round, ring-like thickness gauges were inserted
into the prosthesis-abutment replica interfaces and
the gold screws were torqued to 10Ncm. Six different
thickness gauges of 20pm, 50gm, 100m, 200zm, 300
pm, and 500pm in thickness were used to create
quantitative inaccuracies at the prosthesis-abut-
ment replica interfaces.

The models were analysed in the following con-
ditions:

Model 1: After the experiment with precisely fit-
ting prosthesis, thickness gauges of 20gm, 50gm, 100
pm, 200pm, 3004m, and 5004m in thickness were
placed under the left and the center crowns.

Model 2: After the experiment with precisely fit-
ting prosthesis, thickness gauges of 20, 504, 100
4, 200z, 3004m, and 5004m in thickness were
placed under the left and the right crowns.

Figure 1 shows the schematic diagram of model
1 and model 2.

After gold screws were torqued to 10Ncm with
hand contra-angle torque controller(CATC1, 3i,
FL, US.A.), the stone base was fixed by a metal
clamp stand. A transient force was directly ap-
plied on the end crown to cause the model to vibrate
with impedance hammer(5800SL, Dytran, Los
Angeles, US.A.). A laser displacement meter(LC2100,
Keyence, NJ, U.S.A.) was used to acquire the vi-
brational iresponse. The displacement was mea-
sured on the crown of the opposite end with this in-
strument. ‘

Both the impulse force and the induced vibration
response signals were transferred to a dual-channel
FFT analyser(35670A Dynamic signal analyzer,
Hewlett Packard, Palo Alto, US.A.). Figure 2 rep-
resents the instrumentation setting for the experi-
mental modal testing.

The response signal spectrum of a frequency do-
main was recorded. The data were collected and the

natural frequencies were determined. The peak



Thickness gauges: 204m, 504m, 1004m,
200um, 3004m, 5004m

Fig, 1. The schematic representation of model 1 and mod-
el2.

frequency in the frequency response function plot
was regarded as the natural frequency.

2. Finite element analysis

The finite element method enables the investigator
to simulate on the computer any physical state by con-
structing approximate numerical solutions.” With
eigenvalue analysis, natural frequencies and mode
shapes were found in the finite element model.
Mode shape is a very definitive pattern of structural
deformation at the natural frequencies. This cal-
culation was made without any external force, so the
results were intrinsic to the structure. To interpret
the modal testing analysis mathematically, three-di-
mensional finite element models which simulated
the modal testing models were constructed(Figure 3).

Each component was designed individually. The
geometries of the components were obtained from
direct measurements of the components with vernier
caliper. The same geometries and the dimensions
were used as the experimental modal testing. Every
effort was made to simulate the real model used in
the modal analysis as closely as possibly except
for the prosthesis. A simpliﬁed shape of the crowns

FFT analyzer
/"“0 R
P

Laser Displacement Metq

i L

Personal Computer

Impact Hammer

Fig. 2. The instrumentation setting for modal testing

analysis.

. Fig. 3. 3-dimensional model with precise prosthesis fit.
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was modeled for the simplification of modelling, The
total number of the models was 13. The model
with a precise gap had a total of 15,669 nodes and
14,616 threeidjrrvlensional elements. The other mod-
els with the t}{i‘ckness gauges had a total of 15,816
nodes and 14,696 of three-dimensional elements. All
of the elements were treated as homogeneous,
isotropic, and linear elastic.

Prosthesis and thickness gauges were assumed to
be made of type I gold, and gold screws were
assumed to be made of type IV gold. Abutment
replicas and thickness gauges were assumed to be



Table 1. Mechanical properties used in the finite element model

physia popertes Y " s Modulus(GP Poisson’ i Density(g/
Materials oung s lus(GPa) oisson s ratio ty(g/cc)
Stainless Steel 193 027 7.86
Dental stone 1455 03 20
Gold(typeill ) 100 0.33 155
Gold(type V) 9.3 033 125

made of stainless steel. Values of the mechanical prop-
erties were obtained from the previously published
studies.®¥ Table I shows the mechanical proper-
ties used in this study.

Models were constrained in all directions at the nodes
of the underside of the stone base to simulate the fixed
condition by metal clamp in the experimental modal
testing. Eigenvalue analyses were performed by
means of the Ansys program(Ansys, Swanson Analysis,
USA), which was run on a personal computer with a
pentium [l 550MHz central processing unit.

After the first and the second natural frequencies of
the models were found, the mode shape at each of nat-
ural frequency was calculated and recorded.

RESULTS
1. Experimental modal analysis

A plot of frequency against the amplitude for a

Model 1
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Fig. 5. Frequency-receptance plot of model 1 indicating
natural frequencies.

model with a precise prosthesis is shown in Figure
4. This is a representative plot of frequency against
the receptance for the models used in this study. The
natural ffeiiuehéy was determined from the peaks

All of the plots showed a similar patterns.
Theoretically, the number of the natural frequencies
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Fig. 4. A spectrum for a precise model in the frequen-

cy domain.
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Fig. 6. Frequency-receptance plot of model 2 indicating
natural frequencies.



of the models exist infinitively, but only the first and
the second peaks were clear. Figure 5, 6 represents the
natural frequencies in the models 1 and model 2.

When the prosthesis was fitted precisely, the

first mode frequency was 1162Hz. This first natur-
al frequency increased until 100gm thickness gauges
were used in model 1. And when the 100gm thick-
ness gauge was used, the first natural frequency

Table . The first and the second natural frequencies of model 1 from modal testing(Hz)

sizes(gm)
& 0 20 50 100 200 300 500
Natural frequencies '
The first 1162 1168 1176 1192 1184 1182 1180
The second 1638 1795 1944 2237 2336 2320 2314
Table II. The first and the second natural frequencies of the model 2 from modal testing(Hz)
sizes(gm)
ga? . 0 20 50 100 200 300 500
Natural frequencies
The first 1162 1184 1192 1189 1187 1186 1185
The second 1638 2078 2268 2264 2263 2262 2260
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Fig. 7. Natural frequencies in model 1 and model 2 from
modal testing.

Fig, 8. Natural frequencies in model 1 and model 2 from
finite element methods.

Table IV. The first and the second natural frequencies of the model 1 from finite element methods(Hz)

& ) 0 20 50 100 200 300 500
Natural frequencies
The first 1162.3 10769 1070.2 1059.3 1038.0 10174 9777
The second 1635.1 13151 1306.5 12932 1269.0 12469 1207.3

Table V. The first and the second natural frequencies of the model 2 from finite element methods(Hz)

g
&P ) 0 20 50 100 200 300 500
Natural frequencies
The first 11623 1096.3 1090.1 1080.0 1060.2 10410 1003.9
The second 1635.1 14752 14677 1455.6 1432.8 1411.2 13710
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showed the highest value, 1192Hz. When the gauges
thicker than 100um were used, the natural fre-
quencies decreased slightly. At the second mode nat-
ural frequencies, the same tendency was observed,
however, the highest value occurred when a 200pm
thickness gauge was used.

The results of model 2 are presented in table IIi.
The natural frequencies in model 2 showed a sim-
ilar tendency with those of model 1, except for the
fact that in model 2, 50gm was the significant gap size
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Fig. 9. The first mode shape with precise fit.
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in the natural frequency change.

Figure 7 shows the natural frequency changes
in model 1 and model 2 from the experimental
modal testing. The first natural frequencies in both
models showed a similar pattern, and they demon-
strated no significant increase or decrease greatly ac-
cording to the replacement of the thickness gauges.
However, the second frequencies increased in both
the models in the large scale and reached the plateau
at 200m in model 1 and at 50zm in model 2 .
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Fig. 10. The second mode shape with precise fit.
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Fig. 11. The first mode shape in model 1 with 100gm
thickness gauge.
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Fig. 12. The second mode shape in model 1 with 100
pm thickness gauge.



2. Finite element modelling

Table IV, V and figure 8 represents the resul-ts of
the finite element analysis. Unlike the results of
the modal testing experiment, the natural fre-
quencies of all the models decreased as the gap
size increased.

Figure 9 to figure 12 shows the representative mode
shapes from the finite element analysis. The first and
the second mode shapes of the model with pre-
cise prosthesis as well as those of model 1 with
the 100gm thickness gauge are presented. The pat-
terns of the mode shapes of all the models were sim-
ilar. However, the part where the misfit exist
showed a larger deformation pattern than that in the
model with precise prosthesis.

DISCUSSION

Vibrational analysis has been widely discussed in
dental and medical fields. Modal analysis is a
process whereby a structure is described in terms of
its natural characteristics which are the frequency,
damping and mode shapes. It was first applied
around 1940 in the search for a better understand-
ing of aircraft dynamic behaviour. Until the end of
the 1960' s, developments were slow and experimental
techniques were based on the use of expensive and
cumbersome narrow band analogue spectrum
analysers. The modern era of modal analysis is
thought to started at the beginning of the 1970"s,
based upon the commercial availability of Fast
Fourier Transform spectrum analyzers, together
with the availability of increasingly smaller, less ex-
pensive and more powerful digital computers to
process the data.®

In the medical field, several authors have proposed
techniques based on the vibrational behaviour of
bones to assess the bone quality and attempts have
been made to use it as an orthopedic diagnostic
tool.® Jurist” measured the resonant frequencies
of the ulna, Van der Perre et al.” identified different
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bending vibration modes of the human tibia in vi-
vo, Cornelissen et al.” investigated the influence of
the surrounding soft tissues, joints and fibula on the
vibrational behaviour of the tibia, and Cornelissen
et al.® discussed the sensitivity of the different
modes to fracture healing. Some other investigators
found that boundary conditions are the main de-
terminants for resonant frequencies in the long
bone studies.™

In the dental field, the applications of the vibration
technique were mainly focused on the quantita-
tive measurement of bone quality before or at the time
of the implant placement, during the measurement
of the degree of osseointegration™ and the assessment
of the conditions of periodontal problems.*

Natural frequency is the most important parameter
of the vibration response when a structure is set to
vibrate. It is a dynamic function of stiffness and mass
and can reflect the boundary conditions of the
structure. In this study by inserting various thickness
gauges between the prosthesis and the abutment repli-
ca, the boundary conditions were assumed to have
changed.

The natural frequencies of the models used in this
study could be obtained from the experiment or com-
puter simulation. In this study, both the experi-
mental analysis and the numerical method were used.
Nowadays, since technology using computers has
developed so greatly, it seems possible to calculate
everything on a computer. Nevertheless, it is still nec-
essary to measure the vibrations in the experiment,
because the reality is very different and it is worth-
while when considering the reasons for measuring,
One reason lies in the fallibility of predictions of stiff-
ness. Another reason is related with damping, since
damping alone controls the heights of the reso-
nance peaks.” The mechanics of damping is still not
understood and claims that damping in normal
structures which can be predicted should be treat-
ed with scepticism.” On the other hand, an adeQuate
mathematical model can be said to be of great im-

portance. Such a model could provide deeper un-



derstanding of the experimental observations and
perhaps replace experiments in such situations
where it would be unethical, very costly or impos-
sible to perform.® Furthermore, Williams and
Williams® stated that the numerical method represents
a valid preliminary approach to the assessment of
implant osseointegration and is capable of provid-
ing a guide to the design of the experimental ap-
paratus for the measurement of the displacement and
the frequency in vivo. So it is worth carrying out and
comparing both the experimental study and the
numerical analysis at the same time.

In the experimental modal analysis of this study,
a laser displacement meter was used to measure the
frequency response function. In other studies, var-
ious instruments had been used. Accelerometer is one
of the most common devices used for vibrational sig-
nal detection.”” With an accelerometer, acceleration
is acquired, so Inertance or Accelerance can be ac-
quired. However, because an accelerometer is a
contact device, there is a problem with attaching it
to the target. In addition, when the test body is
excited, the accelerometer and the test body vi-
brate together, owing to their physical attachment.
Thus, when the overall vibration response is mea-
sured, the signal includes a regulatory contribu-
tion based upon the construction materials of the ac-
celerometer.” Moreover, it is said that the weight of
the accelerometer cannot be ignored with regard to
the natural frequency assessment” Some investigators
used a microphone to avoid the disadvantages of the
accelerometer.” In this study, a laser displace-
ment meter was used. As this device is a non-con-
tact device, it could overcome the shortcomings of
a contact device. With a laser displacement meter,
the response parameter is displacement. This par-
ticular form of frequency response function is called
a Receptance. The laser displacement meter used in
this study has a 12ym diameter beam spot, a reso-
lution of 0.01pm, and about 30mm of operating
distance. It consists of a sensor head and a con-
troller. With the sensor head, the measurements
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are made and the data is sent to the FFT analyzer by
the controller.

In the experimental modal analysis, the natural fre-
quencies were influenced by the changes in the
thickness gauges. The results of model 1 were dif-
ferent from those of model 2. Generally the first nat-
ural frequency did not change much, but the second
natural frequency was altered according to the gap
size. These changes seemed to be related with ver-
tical discrepancies. The highest natural frequency val-
ue was observed at the gap size of 100gm in the first
natural frequency and at the gap size of 200m in the
second natural frequency of model 1. The highest val-
ue appeared when a 50um thickness gauge was
used in model 2 which had an intermediate abutment.
So when a fit discrepancy was situated at the in-
termediate abutment, the maximum rate of in-
crease in the second natural frequency value occurred
within a 50um gap. Changes in the natural fre-
quencies can be caused by the difference in the
contact area between the gold cylinder and the top
of the abutment replica. In this study, the vertical dis-
crepancies made a difference in the contact sur-
face, since only the vertical ones could be created by
inserting thickness gauges. The thickness where
the natural frequency values reached the plateau, ap-
peared to be the point where complete separation be-
tween the prosthesis and the abutment replica oc-
curred. However, at this separation thickness, only
the second natural frequency showed a remark-
able change. Millington et al.# reported that at gaps
greater than 55um, the gold screw did not develop
sufficient force to bend the superstructure enough
to close the joint. This results was similar to those in
this study. However, the fit discrepancy after tight-
ening with gold screw depends on various factors
such as the interabutment distance, as well as the ma-
terials and the shape of the prosthesis etc. This
study has shown that the screw joint failed to close
earlier than when it was located at the end abutment
when the fit discrepancy was situated at the inter-
mediate abutment. And this results coincided with



those of previous study.”®

Meredith et al.* suggested in his study where
he measured the resonance frequencies of the implant
using a contact transducer that the resonance fre-
quency of the system may be influenced by the
tightness of the screw which was used to attach
the transducer to the implant as this may change the
overall stiffness. And Hwang et al.* reported in
his vibration analysis on the implant-bone interface
that the reduction in clamping torque of dental
implant resulted in the lowering of the natural fre-
quency value due to the reduced stability of the test-
ed implants. In this study, the stone base was fixed
by a metal clamp with hand tightening and the
prosthesis were screwed onto the abutment replica
with a 10Ncm torque using a hand torque con-
troller. The degree of clamping the stone base and
the accuracy of the hand torque driver would have
influenced the results. So the natural frequency
values in this study would be changed if the different
environments were set.

In this study, the natural frequency value of the ex-
perimental modal testing showed a different tendency
with those of the finite element modelling. In the fi-
nite element modelling the data were calculated
mathematically. The density, poisson’ s ratio, and
Young' s modulus of the materials used in the finite
element analysis determined the natural frequencies.
The increase in the mass and the height of the pros-
thesis as the thicker thickness gauges were used
seemed to be related with the gradual decrease of the
natural frequency value, because the mass and the
length of the vibrating object are inversely propor-
tional to natural frequency value. The discord of the
natural frequency values between the experimental
modal testing and the mathematical calculation
shows the limitation of finite element analysis. It may
include incorrect material properties, assumptions
used in finite element modelling such-as homo-
geneity, isotropy, and linear elasticity of the mod-
els as well as the undamped condition. In the ex-
perimental modal testing, other factors such as
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damping would have played an important role in
changing the natural frequency value.

CONCLUSIONS

In this study, to analyze the vibrational charac-
teristics of implant prosthesis with various degree
of fit, the experimental modal testing and the three-
dimensional finite element analysis were used. In the
experimental modal testing, devices including laser
displacement meter were used to find the natural fre-
quencies of the models. With the finite element
methods, natural frequencies and mode shapes
were calculated. Within the limitations of study
design, the following conclusions were drawn.

1. Natural frequencies of the prosthesis-abutment
were related to the contact state between com-
ponents.

2. In the modal testing experiment, the natural fre-
quencies increased from 50um to 200gm gap
and reached a plateau.

3. In the finite element analysis, the natural fre-
quencies decreased gradually according to the in-
crease of the gap size.

4. In the finite element analysis, the mode shapes of
model 1 with misfitting prosthesis showed dif-
ferent patterns from those without misfitting
prosthesis.

5. The devices including a laser displacement me-
ter used in this study were useful for measuring
the natural frequencies of an implant prosthesis
which have various degrees of fit.
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