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Abstract The objective of this study is to investigate the
ability of a non-contact electromagnetic vibration device to
assess a simulated periodontal ligament and alveolar bone
conditions in experimental tooth models by applying
mechanical parameters (resonant frequency, elastic modu-
lus, and coefficient of viscosity). The non-contact electro-
magnetic vibration device was made up of three
components: vibrator, detector, and analyzer. The experi-
mental tooth model consisted of a cylindrical rod made of
polyacetal, a tissue conditioner for soft lining material, and
urethane or urethane foam to simulate the tooth, periodontal
ligament, and alveolar bone, respectively. The tissue
conditioner was prepared by mixing various volumes of
liquid with powder. Periotest® values (PTVs) were also
measured under the same conditions as those of the non-
contact electromagnetic vibration device. All of the me-

chanical parameters derived from the non-contact electro-
magnetic vibration device significantly decreased as the
proportion of liquid increased. Values for the three
parameters of the urethane models were significantly larger
than those of the urethane foam models. In contrast, PTVs
increased significantly as the proportion of liquid increased;
however, no significant difference was observed between
the urethane and urethane foam models. The non-contact
electromagnetic vibration device may be capable of
evaluating not only periodontal ligament conditions but
also bone quality. Mechanical parameters may be useful for
assessing qualitative changes in the periodontal ligament
and alveolar bone.
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Introduction

A measure of tooth mobility is an important diagnostic
parameter in evaluating tooth and periodontal tissue
conditions, contributing greatly to treatment planning and
clinical management. Conventionally, Miller’s technique [1]
has been used for this purpose, but because this technique is
dependent on the operator’s tactile sense and macroscopic
confirmation, the judgment may be affected by the
operator’s experience and the environment of the oral
cavity.

Schulte et al. [2] introduced Periotest®, a diagnostic
device that measures tooth mobility objectively using
contact times between an acceleration rod (probe) and the
target tooth surface and displays the tooth displacement

C. Kobayashi :K. Hashimoto : T. Kato
Department of Endodontics,
Nihon University School of Dentistry,
1-8-13 Kanda-Surugadai, Chiyoda-ku,
Tokyo 101-8310, Japan

M. Hayashi (*) :N. Komori : B. Ogiso
Department of Endodontics and Implant Dentistry,
Division of Advanced Dental Treatment,
Dental Research Center, Nihon University School of Dentistry,
1-8-13 Kanda-Surugadai, Chiyoda-ku,
Tokyo 101-8310, Japan
e-mail: hayashi-m@dent.nihon-u.ac.jp

M. Yamaoka
Department of Physics, Division of Functional Morphology,
Dental Research Center, Nihon University School of Dentistry,
1-8-13 Kanda-Surugadai, Chiyoda-ku,
Tokyo 101-8310, Japan

Clin Oral Invest (2012) 16:1161–1169
DOI 10.1007/s00784-011-0597-9



volume as Periotest® values (PTVs) from −8 to +50. They
have shown that the contact time correlates with the
clinical degrees of tooth loosening. Additionally, Goellner
et al. have compared the Periotest® method with a
quantitative-metric tooth mobility measuring method by
testing healthy individuals and indicated no certain
correlation between the metric displacement of the tooth
and PTVs [3]. These findings seem to suggest that,
besides the tooth displacement, the properties of the
periodontal ligament also influence the PTVs. Also,
Berthold et al. [4] have reported that the Periotest®
method can be used to detect early stages of ankylosis
caused by dental trauma, especially when using the
vertical PTVs. Presently, this device has been used widely
in clinics because of its objective information about tooth
mobility testing, cost efficiency, reproducibility, and time
saving measurement [5–7].

Nevertheless, the use of Periotest® is limited in a narrow
oral cavity. Following the instruction, the measuring
method should be recommended to approach from buccal
or labial sites and the loading system of the device uses a
repeated uniform linear motion. Therefore, in cases of
posterior teeth, the measurement might be interfered with
the cheek. In other cases, such as buccal destruction of
crowns, it is required to approach from the lingual direction
lest the tongue may interfere with the measurement.
Campbell et al. [8] described the lack of acceptance by
some pre-adolescents and adolescents for the Periotest®
device in the early post-injury period due to discomfort
from the firm repetitive tapping.

The reading from Periotest® does not always correspond
precisely to the biomechanical parameters because PTVs
are strongly related to the excitation direction and position
[9, 10]. Therefore, Yamane et al. [11] reported on a new
non-contact electromagnetic vibration device that can
analyze both tooth mobility and periodontal tissue condi-
tion using mechanical parameters (resonant frequency,
elastic modulus, and coefficient of viscosity) obtained from
the frequency response characteristics during tooth vibra-
tion. It vibrates the tooth with an electromagnetic force with
non-contact between the device and target tooth surface.
They investigated the effects of the bottom thickness of
simulated periodontal ligament in an experimental tooth
model on the mechanical parameters and suggested that it
could be used to accurately evaluate the periodontal tissue
condition. Hayashi et al. [12] indicated that this new device
was capable of monitoring not only periodontal tissue
condition but also implant stability using the same
mechanical parameters.

In this study, it was hypothesized that the non-contact
vibration device could detect qualitative changes in a
simulated periodontal ligament and alveolar bone using
mechanical parameters.

Materials and methods

Experimental tooth model

The experimental tooth model consisted of a 6.0×25.0-
mm cylindrical rod (ϕ×L) made of polyacetal, a tissue
conditioner for soft lining material (Shofu Tissue Condi-
tioner II, Shofu Inc, Kyoto, Japan; Table 1), and urethane
or urethane foam (Nissin Dental Products Inc, Kyoto,
Japan) to simulate the tooth, periodontal ligament, and
alveolar bone, respectively. The cylindrical rod was
submerged 10.0 mm into the simulated alveolar bone,
and a simulated 0.5-mm-thick periodontal ligament was
created between the cylindrical rod and simulated alveolar
bone. A specially made jig (Nissin Dental Products Inc)
was used to obtain an accurate position of cylindrical rod
in the experimental tooth model as shown in Fig. 1. The
simulated periodontal ligament was 0.5-mm in thickness
in all of the experimental models and was prepared under
a thermo-hygrostat at 23±1°C and a relative humidity of
50±5%. The models were kept under these conditions for
1 h before measurement.

Conditions of simulated periodontal ligament and alveolar
bone

A simulated periodontal ligament was prepared using
various liquid volumes of the tissue conditioner. The
standard liquid volume for the clinical use of the soft
lining material according to the manufacturer’s instructions
is 4.0 ml of liquid with 4.8 g of powder. In this study, three
different simulated periodontal ligaments were prepared by
mixing 3.0, 4.0, and 5.0 ml of liquid with 4.8 g of powder.
The stimulated alveolar bone was made of urethane or
urethane foam.

Non-contact electromagnetic vibration device

A schematic diagram of the non-contact electromagnetic
vibration device used in this study is shown in Figs. 2 and
3. This device was made up of three components: vibrator,
detector, and analyzer, which modified a previous report as
described by Yamane et al. [11].

Table 1 Composition of tissue conditioner II used in this study

Manufacturer/
lot no.

Chemical composition

Powder Liquid

Tissue
conditioner II

Shofu/ PEMA,
other

Di-n-butyl sebacate,
anhydrous ethanol,
other

Powder: 120867

Liquid: 120845
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The vibrator consisted of a magnetic disk (ϕ 4.0 mm,
0.19 g, 130 mT; Pip Fujimoto, Osaka, Japan) and the
electromagnetic vibration device. The magnetic disk was
attached to the lateral surface at the top of the cylindrical
rod by an adhesive (cyanoacrylate; Toagosei, Tokyo,
Japan). The magnetic disk receives the electrical force
generated by the alternating magnetic field produced by the
electromagnetic vibration device. The electromagnetic
vibration device consists of a ferrite rod wound with an
enamel wire (ϕ 5.0 mm) for 720 times to form a coil. The
tip of the ferrite rod is conical.

The vibrations were detected with acceleration sensors
that weigh 0.4 g (NP-3211; Ono Sokki, Tokyo, Japan). The
acceleration sensors were attached to the top of the
cylindrical rod. The output signal from the acceleration
sensor was input to the fast Fourier transformation (FFT)
analyzer that includes a sensor amplifier.

The frequency response characteristics of the experi-
mental tooth model (i.e., the ratio between the output of a
sweep generator and the input of an acceleration sensor)
were calculated by the FFT analyzer. Measurements were
made over a frequency range of 5 kHz, with a frequency
resolution of 12.5 Hz and an 80-ms capture time.

Measurement method

The distance between the center of the magnetic disk and
the tip of the ferrite rod was kept at 1 mm in order to apply

the electric force without contact. The ferrite rod was fixed
at right angles to the center of the magnetic disk to ensure
reproducible measurement points. The frequency response
characteristics were evaluated by three repeated measure-
ments for each experimental tooth model to reduce the
measuring errors, and the mechanical parameters were
calculated using the process described by Yamane et al.
[11]. Each mechanical parameter was assessed from the
frequency response characteristics according to the follow-
ing formulas (Fig. 4):

z ¼ ðf2 � f1Þ
2fn

ð1Þ

k ¼ 4p2f 2n m ð2Þ

c ¼ 2z
ffiffiffiffiffiffi
mk

p
ð3Þ

In these formulae, ƒn is the resonant frequency (Hz), m is
the mass (kg), ζ is the damping ratio (O), k is the elastic
modulus (N/m2), and c is the coefficient of viscosity (N s/
m2). Additionally, ƒ1 and ƒ2 are the frequencies at 1=

ffiffiffi
2

p
times the maximum amplitude of the resonant frequency.
The total mass of the polyacetal cylindrical rod, accelera-
tion sensor, and magnetic disk (1.59×10−3 kg) is repre-
sented by m. The mass of the lead wire was negligible in

Fig. 2 Experimental tooth model

Fig. 1 Preparation of an experimental tooth model Fig. 3 Components of the experimental device

Fig. 4 Frequency response characteristics. ƒ1 and ƒ2 are the
frequencies at 1=

ffiffiffi
2

p
times of the maximum amplitude of the resonant

frequency (ƒn)
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this study because the wire was not under tension during
the measurement and its mass was small. Five experimental
tooth models under each condition were made to analyze
the frequency response characteristics. Data are expressed
as the median with the maximum and minimum of each
mechanical parameter in the five models (n=5).

PTVs (Periotest®; Gulden Messtechnik, Bad Bensheim,
Germany) were measured under the same experimental
conditions as those of the non-contact electromagnetic
vibration device, but without the acceleration sensor and
the magnetic disk on the simulated teeth. Three repeated
Periotest® measurements were taken for each experimental
tooth model according to the manufacturer’s instructions.

Statistical analyses

The difference in mechanical parameters (resonant frequen-
cy, elastic modulus, and coefficient of viscosity) or PTVs
among various periodontal ligament conditions were
analyzed using the Kruskal–Wallis test followed by the
Steel–Dwass test. Additionally, differences between the two
types (urethane vs. urethane foam) of simulated alveolar
bone were analyzed using the Mann–Whitney U-test.
Differences were considered significant at p<0.05.

Results

Resonant frequency

The resonant frequency for each liquid volume to 4.8 g
powder of tissue conditioner is shown in Fig. 5. The
resonant frequency decreased curvilinearly with increasing
liquid volume in both the urethane and urethane foam
models. Statistically significant differences were found
among the different volumes of liquid mix used (Tables 2
and 3). The median of maximum resonant frequency
(1.25 kHz in urethane and 1.08 kHz in urethane foam)

occurred with 3.0 ml of liquid volume, and the median of
the minimum resonant frequency (0.65 kHz in urethane and
0.61 kHz in urethane foam) was found at 5.0 ml of liquid
volume. Additionally, the resonant frequency of urethane
models was significantly larger than that of urethane foam
models under all simulated periodontal ligament conditions
(Table 4).

Elastic modulus

The elastic modulus for each liquid volume to 4.8 g powder
of tissue conditioner is shown in Fig. 6. The elastic
modulus decreased curvilinearly with increasing liquid
volume in both the urethane and urethane foam models,
similarly to the resonant frequency. There were statistically
significant differences among the different volumes of
liquid mix used (Tables 2 and 3). The median of maximum
elastic modulus (0.98×105 N/m2 in urethane and 0.74×
105 N/m2 in urethane foam) occurred with 3.0 ml of liquid
volume, and the median of minimum elastic modulus
(0.27×105 N/m2 in urethane and 0.24×105 N/m2 in
urethane foam) was found at 5.0 ml of liquid volume.
Additionally, the elastic modulus of urethane models was
significantly larger than that of urethane foam models under
all simulated periodontal ligament conditions (Table 4).

Coefficient of viscosity

The coefficient of viscosity for each liquid volume to 4.8 g
powder of tissue conditioner is shown in Fig. 7. The
coefficient of viscosity decreased linearly with increasing
liquid volume in both the urethane and urethane foam
models. Significant differences were also observed among
the different volumes of liquid mix used (Tables 2 and 3).
The median of maximum coefficient of viscosity
(5.00 Ns/m2 in urethane and 3.74 Ns/m2 in urethane
foam) occurred with 3.0 ml of liquid volume, and the
median of minimum coefficient of viscosity (2.94 Ns/m2

in urethane and 2.31 Ns/m2 in urethane foam) was found
at 5.0 ml of liquid volume. The coefficient of viscosity of
the urethane models was significantly larger than that of
urethane foam models under all simulated periodontal
ligament conditions (Table 4).

PTVs

PTVs increased curvilinearly as the proportion of liquid
increased in both the urethane and urethane foam models,
unlike the situation with the non-contact electromagnetic
vibration device (Fig. 8). Significant differences were
observed among the different volumes of liquid mix in both
the urethane and urethane foam models (Tables 2 and 3). The
median of minimum PTVs (26 in urethane and 25 in

Fig. 5 Resonant frequency at different liquid volumes (closed
circles—urethane, open circles—urethane foam
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urethane foam) occurred with 3.0 ml of liquid volume, and
the median of maximum PTVs (45 in urethane and 47 in
urethane foam) was found at 5.0 ml of liquid volume.
However, no significant difference was detected between the
urethane and urethane foam models in PTVs (Table 4).

Discussion

The Periotest® device developed by Schulte et al. [2] has
improved the accuracy and objectivity of tooth mobility
testing and contributed to diagnostic evaluation in peri-
odontal treatment. With this device, PTVs reflect the
displacement amplitude on impact loading and the proper-
ties of the periodontal ligament of the target tooth [3].
Meredith et al. [13] developed a new method for implant
stability testing using the sonic resonant frequency re-
sponse, and resonant frequency analysis has been recog-
nized as a precise technique for this purpose. Their studies
revealed that this method could be used to measure implant
stability with greater reliability. However, periodontal
tissues have both elastic and viscous properties (i.e.,
viscoelastic properties). Thus, measurement using PTVs or
resonant frequency alone may be insufficient to assess the
qualitative changes of overall periodontal tissues condition.

In 1966, Bien [14] focused on the viscoelastic property
of periodontal ligament during tooth movement, particular-
ly hydrodynamic damping, and investigated the biological
responses of the periodontal ligament using both living and
dead rat incisors. The results showed that the viscosity and
spring constant of living rat incisors were about two times
larger than those of dead rat incisors. Three biological
factors were suggested to affect the damping oscillation of
the tooth: the vascular system, cells and fibers, and
interstitial fluid. The latter played a critical role in the
viscous property of periodontal ligament.

Moreover, Kojima et al. [15] and Lee et al. [16] reported
that the natural frequency of a tooth was an important
parameter for the evaluation of periodontal conditions.
Maeda [17], Ikeda [18], Kamimoto [19], and Hayashi [20]
investigated the mechanical characteristics of periodontal
tissue, analyzing the damped natural frequency and other
mechanical parameters quantitatively using a contact
vibration device in vitro. Their results suggested that this
analysis might contribute to evaluating periodontal tissue
conditions after considering the mechanical parameters and
their mutual relationships.

Recently, Yamane et al. [11] focused on the viscoelastic
property of periodontal tissues and developed a non-contact
electromagnetic vibration device for evaluating periodontal

Table 2 Medians of each mechanical parameter and PTVs, and results from the Kruskal–Wallis test followed by the Steel–Dwass test between
different liquid volumes to 4.8 g powder in urethane models

Liquid volume (ml) Kruskal–Wallis Steel–Dwass

a (3.0) b (4.0) c (5.0) p-value Between different liquid volumes

Resonant frequency 1.25 0.76 0.65 < 0.01a a–bb, a–cb, b–cb

Elastic modulus 0.98 0.38 0.27 < 0.01a a–bb, a–cb, b–cb

Coefficient of viscosity 5.00 4.12 2.94 < 0.01a a–bb, a–cb, b–cb

Periotest® values (PTVs) 26 32 45 < 0.01a a–bb, a–cb, b–cb

a Results of the Kruskal–Wallis test. Significant differences among different liquid volumes are presented (p<0.01)
b Results of the Steel–Dwass test. Significant differences between different liquid volumes are presented (p<0.05)

Table 3 Medians of each mechanical parameter and PTVs, and results from the Kruskal–Wallis test followed by the Steel–Dwass test between
different liquid volumes to 4.8 g powder in urethane foam models

Liquid volume (ml) Kruskal–Wallis Steel–Dwass

a (3.0) b (4.0) c (5.0) p-value Between different liquid volume

Resonant frequency 1.08 0.70 0.61 < 0.01a a–bb, a–cb, b–cb

Elastic modulus 0.74 0.31 0.24 < 0.01a a–bb, a–cb, b–cb

Coefficient of viscosity 3.74 3.00 2.31 < 0.01a a–bb, a–cb, b–cb

Periotest® values (PTVs) 25 31 47 < 0.01a a–bb, a–cb, b–cb

a Results of the Kruskal–Wallis test. Significant differences among different liquid volumes are presented (p<0.01)
b Results of the Steel–Dwass test. Significant differences between different liquid volumes are presented (p<0.05)
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tissue conditions using three mechanical parameters: the
resonant frequency, elastic modulus, and coefficient of
viscosity. Additionally, Hayashi et al. [12] revealed that
this new device can be applied to determine these
mechanical parameters not only for periodontal tissue
conditions but also to assess implant stability. This is based
on the theoretical system reported by Kurashima [21] and
Komatsu [22]. Their initial results revealed that the three
mechanical parameters reflected changes in the bottom
thickness of the simulated periodontal ligament and
suggested that the device could assess the overall peri-
odontal tissue condition using the mechanical parameters
derived from the resonant frequency characteristics accord-
ing to the theory of Yajima’s dynamic model [23].

Our study evaluated the ability of the non-contact
electromagnetic vibration device to assess qualitative
changes in simulated periodontal ligament and alveolar
bone conditions in vitro using experimental tooth model.
Cylindrically shaped rod, instead of tooth shape, was used
as simulated tooth because this study is a fundamental in
vitro research; therefore, it is important to make an
experimental condition simpler with an uncomplicated
simulated tooth shape. Tissue conditioner was used as
simulated periodontal ligament. This material is suitable for
artificial periodontal ligament because it has the properties
of both viscosity and elasticity, such as periodontal ligament
[14, 24, 25]. Bone is not a uniformly solid material, i.e.,
cortical bone or cancellous bone. The two types of
simulated alveolar bone, urethane and urethane form, were

used to assess the qualitative changes of alveolar bone in
this study because of simplified experimental bone condi-
tion and the easy procedure to make urethane into a
different quality of materials.

The length of ferrite rod wound with enamel wire of the
electromagnetic vibration device is shorter than that of the
hand-piece of Periotest® as shown in Fig. 9; therefore, it
might be easy to measure the second or third molar.
However, this device is not yet applicable for routine dental
controls because this research is a fundamental in vitro
study using experimental tooth models. Further efforts are
required to develop this device for clinical use (i.e., total
device size, cost efficiency, time-saving, et al.).

Chander et al. [24] and Murata et al. [25] reported that
the effect of the powder-to-liquid ratio for tissue condi-
tioners may be altered to vary the viscoelastic properties,
especially after gelation. We found that a greater proportion
of liquid influenced the mechanical parameters (i.e., this
could simulate the effects of the extracellular matrix
including the interstitial fluid on the mechanical properties).
Significant differences in all mechanical parameters were
observed among the different volumes of liquid mix used
(3.0–5.0 ml).

Additionally, the increased proportion of liquid must
affect the repulsion and resistance of periodontal ligament,
as described by Bien [14]. Thus, the decrease in the three
mechanical parameters as the proportion of liquid increased
suggests that this measurement method is theoretically
reliable.

Fig. 7 Coefficient of viscosity at different liquid volumes (closed
circles—urethane, open circles—urethane foam)

Fig. 6 Elastic modulus at different liquid volumes (closed circles—
urethane, open circles—urethane foam)

Mann–Whitney U-test

3.0 4.0 5.0

Resonant frequency p=0.0090** p=0.0204* p=0.0212*

Elastic modulus p=0.0088** p=0.0204* p=0.0212*

Coefficient of viscosity p=0.0088** p=0.0078** p=0.0088**

Periotest® values (PTVs) p=0.5124 p=0.9139 p=0.1105

Table 4 Results from the
Mann–Whitney U-test between
urethane and urethane foam
models

Results of the Mann–Whitney
U-test. Significant differences
between urethane and urethane
foam models are presented

*p<0.05; **p<0.01
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PTVs, which indicate, among other things, the amount
of displacement volume of the simulated tooth, also
detected the difference of qualitative changes in simulated
periodontal ligament. This finding suggests a previous
observation [3] that the properties of the periodontal
ligament influence the PTVs. Increasing proportions of
liquid in experimental tooth models made the tissue
conditioner softer, and it may reflect the mobility of
simulated teeth. Thus, these tooth models are sufficient in
terms of reliability.

The three mechanical parameters showed significantly
larger values in the urethane models than those of the
urethane foam models. However, no significant difference
in PTVs was detected. This could be because of the
different valuable information between these methods.
PTVs mainly describe the damping characteristics and
properties of periodontal ligament; however, a non-contact
electromagnetic vibration device can provide information
about overall periodontal tissue condition using three
mechanical parameters.

Both resonance frequency and elastic modulus were
larger in the urethane models than the urethane foam
models for all simulated periodontal ligament conditions.
Generally, the force F applied to the elasticity materials is
described by

F ¼ kx ð4Þ

where k is a spring constant (the elastic modulus) and x is
displacement (the expansion and contraction of the elastic
material). From these relationships, when the force is
constant, as for the elastic modulus, the value becomes
large when displacement is small. Here, the displacement is
regarded as the volumetric strain of the simulated alveolar
bone. Thus, because urethane is harder than urethane foam,
the displacement becomes small. As a result, Eq. 4 could
theoretically lead to a larger elastic modulus of urethane
than that of urethane foam [26].

Additionally, the resonance frequency ƒ is described by

f ¼ 1

2p

ffiffiffiffi
k

m

r
ð5Þ

where k is the elastic modulus and m is the mass. ƒ
becomes large with k for constant m. For these reasons,
both resonance frequency and elastic modulus in urethane
models are different from those of urethane foam models.
The differences between urethane and urethane foam in the
coefficient of viscosity were much larger than those of both
the resonance frequency and the elastic modulus.

The coefficient of viscosity is described by ζ, k, and m in
Eq. 3. In a result shown in Fig. 6, because the differences in
k between urethane and urethane foam were small, the
difference of the coefficient of viscosity may depend
primarily on ζ if m is constant; ζ is a value indicating
damping of the vibration. In these experimental tooth
models, because the bubble of the urethane foam acted as
the spring, it did not act as a damper; thus, the values of ζ
could decrease. As a result, the coefficient of viscosity may
decrease according to the values of ζ.

The non-contact electromagnetic vibration device could
distinguish urethane foam from urethane. Thus, this device
may include not only the condition of periodontal ligament
but also the ability to detect bone quality.

Osteoporosis is characterized by low bone mass and
micro-architectural deterioration of bone tissue [27, 28].
Recent investigations have associated radiographic eviden-
ces of changes in the mandibular cortical bone with
periodontitis and linked them to osteoporosis [29]. A
significant association between bone mineral density of
the mandible and the peripheral skeleton in postmenopausal
women has also been described [30–32]. The benchmark
for the diagnosis of osteoporosis is the assessment of bone
mineral density. Dual energy X-ray absorptiometry is

Fig. 9 Ferrite rod wound with enamel wire of electromagnetic
vibration device and hand-piece of Periotest®

Fig. 8 Periotest® values at different liquid volumes (closed circles—
urethane, open circles—urethane foam)
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currently the gold standard for its assessment [33];
however, this method suffers from a lack of portability
and exposure to radiation (albeit a small amount). The
present study showed a strong relationship between
mechanical parameters and the quality of the simulation
bone material (urethane) on measurement using a non-
contact electromagnetic vibration device. This device may
help dentists not only to monitor the condition of the bone
density in periodontitis but also to identify patients with
undetected low bone mineral density.

Autogenous bone, allogeneic bone, xenogeneic bone
substitutes, and alloplastic materials have all been used with
the aim of achieving periodontal regeneration [34–36]. A
systematic review has shown that clinical parameters are
improved when intrabony and class II furcation defects are
treated with these graft materials [35]. However, material-
specific differences seem to exist with regard to the
extension of new bone formation from the pre-existing
bone in histological evaluations [37]. In such cases, a non-
contact electromagnetic vibration device may be useful for
monitoring bone formation.

In conclusion, mechanical parameters reflected the
qualitative changes in the simulated periodontal ligament
and alveolar bone. Consequently, an analysis of the three
parameters might enable an objective evaluation of quali-
tative changes in the extracellular matrix of the periodontal
ligaments and bone quality in humans. However, it is
presently difficult to discriminate between the qualitative
changes of simulated periodontal ligament and those of
alveolar bone. Further investigations must be done to
examine the difference between these three mechanical
parameters for their clinical consequences. Therefore, in
vitro data using other types of experimental model to
examine these parameters in detail and in vivo data such as
animal study have to be obtained to justify this new method
before its clinical use.

Acknowledgements This study was supported by Sato Fund, Nihon
University School of Dentistry for 2009, The Promotion and Mutual
Aid Corporation for Private Schools of Japan for 2010, and Grant-in-
Aid for Scientific Research (C) for 2010. We would like to express our
gratitude to Mr. Katsumi Sawatari (Ono Sokki Co., Ltd, Tokyo, Japan)
for technical support.

Conflicts of interest The authors declare that they have no conflicts
of interest.

References

1. Miller SC (1950) Textbook of periodontia, 3rd edn. Blakisto,
Philadelphia, p 125

2. Schulte W, D’hoedt B, Lukas D, Mühlbradt L, Scholz F, Bretschi
J, Frey D, Gudat H, KÖnig M, Markl M, Quante F, Schief A,
Topkaya A (1983) Periotest—a new measurement process for
periodontal function. Zahnarztl Mitt 73:1229–1240

3. Goellner M, Berthold C, Holst S, Wichmann M, Schmitt J (2011)
Correlations between photogrammetric measurements of tooth
mobility and the Periotest method. Acta Odontol Scand.
doi:10.3109/00016357.2011.575080

4. Berthold C, Holst S, Schmitt J, Goellner M, Petschelt A (2010) An
evaluation of the Periotest method as a tool for monitoring tooth
mobility in dental traumatology. Dent Traumatol 26:120–128

5. Andresen M, Mackie I, Worthington H (2003) The Periotest in
traumatology. Part I. Does it have the properties necessary for use
as a clinical device and can the measurements be interpreted?
Dent Traumatol 19:214–217

6. Campbell KM, Casas MJ, Kenny DJ, Chau T (2005) Diagnosis of
ankylosis in permanent incisors by expert ratings, Periotest® and
digital sound wave analysis. Dent Traumatol 21:206–212

7. Jorge JH, Giampaolo ET, Vergani CE, Machado AL, Pavarina AC,
Cardoso de Oliveira MR (2007) Clinical evaluation of abutment
teeth of removable partial denture by means of the Periotest
method. J Oral Rehabil 34:222–227

8. Campbell KM, Casas MJ, Kenny DJ (2007) Development of
ankylosis in permanent incisors following delayed replantation
and severe intrusion. Dent Traumatol 23:162–166

9. Caulier H, Naert I, Kalk W, Jansen JA (1997) The relationship of
some histologic parameters, radiographic evaluations, and Peri-
otest measurements of oral implants: an experimental animal
study. Int J Oral Maxillofac Implants 12:380–386

10. Derhami K, Wolfaardt JF, Faulkner G, Grace M (1995) Assess-
ment of the Periotest device in baseline mobility measurements of
craniofacial implants. Int J Oral Maxillofac Implants 10:221–229

11. Yamane M, Yamaoka M, Hayashi M, Furutoyo I, Komori N, Ogiso
B (2008) Measuring tooth mobility with a no-contact vibration
device. J Periodontal Res 43:84–89

12. Hayashi M, Kobayashi C, Ogata H, Yamaoka M, Ogiso B (2010)
A no-contact vibration device for measuring implant stability. Clin
Oral Implants Res 21:931–936

13. Meredith N, Alleyne D, Cawley P (1996) Quantitative determi-
nation of the stability of the implant–tissue interface using
resonance frequency analysis. Clin Oral Implants Res 7:261–267

14. Bien SM (1966) Hydrodynamic damping of tooth movement. J
Dent Res 45:907–914

15. Kojima Y, Fukui H (2007) Calculation of natural frequencies of
teeth supported with the periodontal ligament. Dent Mater J
26:254–259

16. Lee SY, Huang HM, Lin CY, Shih YH (2000) In vivo and in vitro
natural frequency analysis of periodontal conditions: an innova-
tive method. J Periodontol 71:632–640

17. Maeda K (1995) An evaluation of periodontal tissue with damped
oscillation of teeth. The effects of root taper and the thickness of
shock-absorbing material in a tooth model. Jpn J Conserv Dent
38:440–452

18. Ikeda M (1998) Evaluation of periodontal tissue with damped
oscillation of teeth. Effect of distance between teeth root and
location of furcation area in interradicular septum deficiency
multi-root model. Jpn J Conserv Dent 41:379–388

19. Kamimoto A (1996) Evaluation of periodontal tissue with damped
oscillation of teeth. The effect of fixing position of detecting
sensor. Jpn J Conserv Dent 39:425–437

20. Hayashi H (2000) Evaluation of periodontal tissue with damped
teeth oscillation. Effect of force in percussion of electromagnetic
exciter. Jpn J Conserv Dent 43:485–494

21. Kurashima K (1963) The viscoelastic properties of the periodontal
membrane and alveolar bone. J Stomatol Soc Jpn 30:361–385

22. Komatsu M. (1991) Study of the dynamic vibration analysis of
teeth and periodontal tissue. Dissertation, Graduate School of
Science and Technology, Nihon University

23. Yajima T (1971) Measurement of mechanical impedance of the
human tooth (quantitative measurements of the periodontal

1168 Clin Oral Invest (2012) 16:1161–1169

http://dx.doi.org/10.3109/00016357.2011.575080


viscosity and elasticity relating to tooth mobility). J Stomatol Soc
Jpn 38:556–573

24. Chander S, Hill M, Moore D, Morrow L (2007) Tissue
conditioning materials as functional impression materials. Eur J
Prosthodont Restor Dent 15:67–71

25. Murata H, Hamada T, Djulaeha E, Nikawa H (1998) Rheology of
tissue conditioners. J Prosther Dent 79:188–199

26. Giancori DC (2009) Work energy. In: Physics for scientists and
engineers with modern physics, 4th edn. Pearson Education, New
Jersey, pp 163–182

27. Tözüm TF, Taguchi A (2004) Role of dental panoramic radio-
graphs in assessment of future dental conditions in patients with
osteoporosis and periodontitis. N Y State Dent J 70:32–35

28. Consensus Development Conference (1991) Prophylaxis and
treatment of osteoporosis. Am J Med 90:107–110

29. Halling A, Persson GR, Berglund J, Johansson O, Renvert S
(2005) Comparison between the Klemetti index and heel DXA
BMD measurements in the diagnosis of reduced skeletal bone
mineral density in the elderly. Osteoporos Int 16:999–1003

30. Devlin H, Horner K (2002) Mandibular radiomorphometric
indices in the diagnosis of reduced skeletal bone mineral density.
Osteoporos Int 13:373–378

31. Bollen AM, Taguchi A, Hujoel PP, Hollender LG (2000) Case–
control study on self-reported osteoporotic fractures and mandib-

ular cortical bone. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 90:518–524

32. Drozdzowska B, Pluskiewicz W, Tarnawska B (2002) Panoramic-
based mandibular indices in relation to mandibular bone mineral
density and skeletal status assessed by dual energy X-ray
absorptiometry and quantitative ultrasound. Dentomaxillofac
Radiol 31:361–367

33. WHO (1994) Assessment of fracture risk and its application to
screening for postmenopausal osteoporosis. Report of a WHO
study group. World Health Organ Tech Rep Ser 843:1–129

34. Committee on Research, Science and Therapy of the American
Academy of Periodontology (2001) Tissue banking of bone
allografts used in periodontal regeneration. J Periodontol
72:834–838

35. Reynolds MA, Aichelmann-Reidy ME, Branch-Mays GL, Gun-
solley JC (2003) The efficacy of bone replacement grafts in the
treatment of periodontal osseous defects. A systematic review.
Ann Periodontol 8:227–265

36. Wang HL, Greenwell H, Fiorellini J, Giannobile W, Offenbacher
S, Salkin L, Townsend C, Sheridan P, Genco RJ, Research S,
Committee T (2005) Periodontal regeneration. J Periodontol
76:1601–1622

37. Bosshardt DD, Sculean A (2009) Does periodontal tissue
regeneration really work? Periodontol 2000 51:208–219

Clin Oral Invest (2012) 16:1161–1169 1169



Copyright of Clinical Oral Investigations is the property of Springer Science & Business Media B.V. and its

content may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's

express written permission. However, users may print, download, or email articles for individual use.




