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A method for assessing the damping characteristics of periodontal tissues:

Goals and limitations
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The Periotest method, an objective, noninvasive clinical diagnostic method, is a dynamic pro-
cedure that measures the resistance of the periodontium to a defined impact load. It has been
reported that Periotest values depend to some extent on tooth mobility, but mainly on the
damping characteristics of the periodontium. Nevertheless, the real clinical meaning of the
measurements and some important limitations of the Periotest measuring principle still seem
to be poorly understood. In the present study, the relationship between damping characteris-
tics of periodontal tissues and tooth mobility was investigated. The best correlations between
tooth deflection and Periotest values were found for teeth showing a certain degree of clinical
mability (R® from .79 to .91). Nevertheless, this correlation was clearly lower when only
healthy subjects were examined (R from .43 to .54). The beiter correlation found for forces
greater than 1.0 N indicates that the damping characteristics assessed with the Periotest
method are related to secondary tooth movement. The Periotest methodology, measuring
principle, and limitations are critically reviewed. (Quintessence Int 1995;26:191-197.)

Introduction

Tooth mobility has attracted the interest of investiga-
tors for both clinical and scientific reasons. The mecha-
nisms of tooth support have received a considerable
amount of interest and a number of conclusions have
been drawn from observations in both animal and hu-
man studies.' Like the masticatory system, tooth mobil-
ity is a dynamic process. The stability of a tooth is de-
pendent on the resistance of its supporting structures
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and the character of the forces directed against it.
Tooth mobility is mainly related to the hydrodynamic
and biophysical properties of the periodontal ligament
with the fiber bundles embedded in two mineralized
periodontal tissues: the root cementum and the jaw-
bone. It can be classified as either physiologic or patho-
logic mobility,” self-limited, or progressive.”

The investigator who wants to assess the degree of
tooth mobility faces a complex problem. This is evident
from the number and diversity of methods reported.* "
To obtain a complete knowledge of tooth mobility,
three-dimensional measurements are required. Such
measurements are probably too complicated for prac-
tical purposes. Most investigators have confined their
efforts to study tooth mobility to one single direction,
either buccolingual® or axial.® The method most com-
monly used to detect tooth mobility is deflection.’ With
this technique, teeth are evaluated according to the
ease and extent of their movement. They are held firm-
ly between two instruments, two fingers, or one of each
and are moved back and forth. Although this approach
seems to be very reproducible.'” the need for an objec-
tive assessment is evident. Some methods, such as the
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Fig1 Schematic representation of the deceleration sig-
nal.* Time (t,) from the beginning of the impact (ib) until the
zero crossing (acceleration zero) or end of the impact (ie).
Therefore, t, represents the contact time of the tapping
head with the tooth.* Minimum acceleration amplitude
(Amin)s (Ana) maximum acceleration amplitude.

Periodontometer developed by Miihlemann, are too
complex and time consuming for use in daily practice.”®
Recently, several clinical studies have used an objec-
tive, noninvasive clinical diagnostic method for the as-
sessment of tooth™!® and even implant'™* stability,
the Periotest method (Siemens). It is an objective. dy-
namic measuring procedure that assess the resistance
of the periodontium to a defined impact load. Accord-
ing to Schulte and Lukas?! “the Periotest value de-
pends to some extent on tooth mobility, but mainly on
the damping characteristics of the periodontium.”
Despite its increasing use in clinical and experimental
trials, the real meaning of the measurements and the
limitations of the Periotest measuring principle seem to
be poorly understeod. The aim of the present study was
to determine the relationship between damping
characteristics of periodontal tissues and tooth mobil-
ity. In addition, the Periotest methodology, measuring
principle, and limitations will be critically reviewed.

Method and materials
Patients and subjects

The sample material comprised 58 maxillary anterior
teeth from 11 periodontally healthy subjects (5 women,
aged 20 to 37 years: mean = 2.49 years; SD = 2.3 years),
and 54 maxillary anterior teeth from 11 patients (seven
women, aged 21 to 54 years; mean =41.7 years; SD =59
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vears) who were seeking periodontal treatment and
clinically showed some degree of tooth mo_bility mea-
sured by the method described by Miller.”” Ten teeth
exhibited degree I mobility. 27 exhibited degree II
maobility, and 17 exhibited degree 111 mobility.

Assessment of tooth mobility

Tooth deflection was measured by means of the Miihle-
mann Periodontometer.* The measuring gauge rod was
brought into contact with the labial surface of the tooth
to be measured. To make the gauge independent of the
movements of the patient’s head, it was attached to a
special impression tray that was fixed to the premolars
and molars by means of plaster. Once the plaster was
fixed, the tooth to be examined was loaded horizontal-
ly (at a distance of 2 mm from the incisal edge) with a
dynamometer with a tip coated with diamonds to in-
crease friction. The tooth was thus gently brought from
its rest position into a labial position by a certain force:
0.3 N, L.ON, 2.0 N, and 5.0 N. The gauge dial registered
the distance from rest Lo labial position in hundredths
of a millimeter. On sudden removal of the force, the
crown returned almost to its original rest position with-
in 2 seconds. Subsequently, the tooth was similarly
moved from the new rest position in a palatal direction.
The total distance from extreme labial to extreme pala-
tal position is called total excursion.

Assessment of damping characteristics

Damping characteristics of the periodontium were as-
sessed by means of the Periotest device, which consists
of a handpiece connected by a cable to a unit that con-
trols functions and analyzes measurements. In the inte-
rior of the handpiece. a metal rod of 8 g mass is accele-
rated until it reaches its nominal speed (0.2 m/s). Be-
fore the rod comes out of the handpiece, the propulsion
electromagnetic field is switched off. The velocity of
the rod remains constant, maintained by compensation
for the influence of friction and gravitation, until it
contacts the tooth. The distance between the hand-
piece and the tooth under percussion can vary within a
range of 4 mm without affecting the results of the
measurement. On impact, the tooth is slightly deflected
and the tapping head is decelerated (Fig 1). Then the
tapping head is automatically drawn back into the
starting position at the rear stop. The deceleration of
the rod on impact with the tooth is measured by an ac-
celerometer, while a chronometer measures the time in
which this contact takes place (Fig 1). The faster the de-
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celeration, the higher the damping of the periodon-
tium. While reaction forces bring the tooth back to its
original position, the rod is again accelerated forward,
obtaining, in a period of 4 seconds, 16 impacts with the
tooth.

A microcomputer in the Periotest unit checks the va-
lidity of the measuring signal and rejects faulty ones,
signaling them acoustically to the user. Simultaneously,
faulty manipulation of the handpiece is also acoustical-
ly indicated. (The signal is rejected if the inclination of
the handpiece during measurement is greater than
+ 11 degrees). Thus the operator can, when necessary,
correct the inclination of the handpiece.

The contact time (CT) between tooth and tapping
head is the signal used for analysis by the Periotest
system. This value fluctuates within a range from 0.266
to 2.27 milliseconds. However. rather than using the
measured CTs in milliseconds, the Periotest values
(PTVs) are based on a numerical scale from —8 to +50
(see Discussion). Both Periodontometry and Periotest
measurements were taken at the same session by the
same tWo examiners.

Periotest measurements were performed twice on
every examined tooth, with the methodology described
earlier.”” The handpiece was held in a horizontal posi-
tion with the start button on top. An orthoradial per-
cussion just in the middle of the buccal tooth surface
and perpendicular to the labial surface was done twice
for each tooth. The measurement value was given by
the synthetic computer voice and was also indicated
digitally. The instrumental and operating error of the
Periotest equipment is +1 unit for the anterior teeth.”
An average of both PT'Vs obtained was calculated. and
half scores could be used.

Staristical analysis

For the statistical analysis, the data were divided in two
groups: the healthy subjects and the periodontal pa-
tients who showed a certain degree of clinical tooth
mobility measured by means of the Miller method.™
The analysis was done with the excursions (periodon-
tometry values) obtained with five different forces (0.5
N, 1.ON, 2.0N, and 5.0 N) when they were applied to the
different directions, labial and palatal, and also to the
total excursion. For both groups, linear regression
equations were fitted with PTVSs as the x variable and
the Periodontometry values as the y variable. For the
group of periodontal patients, the analysis was also re-
peated with the CT as variable instead of the PTVs.
This was calculated with the corresponding formulas
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(see Discussion). Graphs were built by using the coeffi-
cient of determination (R*) of the linear regression
cquations obtained in the three different analyses. The
coefficient of correlation corresponds to the square
root of R,

Results

The coefficient of determination (R?) of the regression
cquations obtained in the three analyses are graphical-
ly displayed in Figs 2 to 4. The regression equations
with the total excursion always had the best R, fol-
lowed by the excursions in the labial and then palatal
directions.

Considering only the total excursion, when forces of
0.5 N were applied to healthy teeth, R* was only .46.
This coefficient reached a value of .67 among periodon-
tal patients. and increased to .79 when CTs were used as
the variable, instead of PTVs, to avoid the effect of
the different formulas (see Discussion). For forces of
1.0 N applied to healthy teeth, R* reached a value of
just .50. However, among periodontal patients, it
reached a value of .64, and even .75 when CTs were
used for the analysis instead PTVs. Forces of 2.0 N
applied to healthy teeth reached an R* of only .43,
Among periodontal patients, however, this coefficient
increased to .77, and even to .90 when CTs were used as
the variable. Finally, forces of 5.0 N applied to healthy
teeth had an R* of .54, and the same forces applicd to
periodontal patients reached an R® of .82. Even more,
when CTs were used for the analysis, this coefficient
increased to .91,

In the group of healthy subjects, the best R? ranged
from .43 to .54, In the group of periodontal patients, R*
values increased to a range of .64 to .82. When the CTs
were used for the analysis, this parameter reached
values ranging from .79 to .91.

Discussion

The principle of most methods to assess tooth mobility
is to apply the force to some suitable area of the tooth
surface, usually near the incisal edge, and to measure
the resulting displacement by some mechanical or elec-
tronic device. Different methods, which vary in rate,
frequency. duration, and amount of applied force, do
not necessarily depict the same properties of the peri-
odontium. Initial tooth mobility, defined as tooth dis-
placement under loading of less than 1.0 N, has been
suggested to be related to the fibers and vascular com-
ponents of the periodontium.™ Distortion of the alveo-
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Fig2 Coefficient of determina-
tion (R? of all regression equa-
tions, when tooth deflection and
PTV of periodontally healthy sub-
jects are correlated.

Fig 3 Coefficient of determina-
tion (R? of all regression equa-
tions, when tooth deflection and
PTV of periodontally compro-
mised patients are correlated.

Fig4 Coefficient of determina-
tion (R%) of all the regression equa-
tions, when tooth deflection and
CT of periodontally compromised
patients are correlated.
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lar plate (secondary tooth movement) has been dem-
onstrated at application of forces exceeding 1.0 N.*

Oikarinen et al* measured the total tooth deflection
under a predetermined 1.0-N loading force (using
Miihlemann’s Periodontometer) and the PTVs of
maxillary incisors in five healthy patients. They found a
correlation coefficient of .66 between both methods,
On the other hand, Schulte et al’” measured the total
tooth deflection, applying 2-N, 3-N, and 4-N forces
(Korber"), as well as the PTVs of maxillary central inci-
sors of 13 patients (all of whom showed some degree of
marginal bone loss) and four healthy subjects. They
found a better correlation coefficient (.79) when a
force of 4 N was used to deflect the teeth.

The present data confirmed the results of both
above-mentioned studies. A better correlation coeffi-
cient was found when the total tooth deflection was
used as the parameter for comparison with PTVs, The
correlation was not improved by concentrating on ei-
ther the labial or palatal displacement alone. The better
correlation for forces greater than 1.0 N indicates that
the damping characteristics assessed with the Periotest
method are also related to secondary tooth movement.

Based on these data and on the published literature,
it is evident that PTVs correlate highly with tooth mo-
bility assessed by means of Mithlemann's Periodonto-
meter. Nevertheless, this correlation was clearly lower
when only healthy subjects were examined.” Further-
more, the present results indicated that the best corre-
lations between tooth deflection and PTVs were found
for teeth showing a certain degree of clinical tooth mo-
bility (see Figs 3 and 4). The reason for this fact can be
found in the methodology described for the use of the
Periotest method. According to the methodology re-
ported for teeth,” an orthoradial percussion must be
done always just in the middle of the buccal surface of
the anatomic crown and perpendicular to the labial sur-
face. This methodology has shown to be highly repro-
ducible on healthy teeth,” but seems to face important
limitations when damping characteristics of teeth with
mobility caused by periodontal breakdown are to be
measured.

According to Karber,” at high speeds of loading, the
“resistance” of periodontal ligament increases, espe-
cially that of the soft tissues: above a certain loading
rate and under certain impulse patterns, the soft liga-
ment becomes “hard” and the tooth is no longer mobile
in the alveolar socket. To explain this phenomena, it
must be remembered that many of the vessels run for
several millimeters within the vascular network of the
periodontium,’ and probably blood and interstitial
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fluids are squeezed from the vessels with static or semi-
static acting (1 second or more) thrusts to the tooth. In
contrast to this, dynamic methods (such as the Periotest
system) apply repeated and especially rapid loadings
(fractions of a second) to the tooth, and there is insuffi-
cient time to force interstitial or vascular fluids out of
the periodontium.’

These repeated and rapid loadings applied to a tooth
are likely to generate a considerable amount of energy
(to be absorbed by the tooth and/or by the periodonti-
umy), and it would be reasonable to assume that this is
normally dissipated as heat by the periodontal fluids
and the active circulatory system.

Qualitative factors, such as hormonal changes,” va-
soconstrictors.™ and first stages of periodontitis,® can,
without affecting the marginal bone level, alter mainly
the hydrodynamic damping system. In this case, the
energy might not be dissipated as efficiently as by the
healthy periodontium, and part of it would be absorbed
in terms of tooth displacement. Subsequently, the CT
will differ by fractions of a millisecond and the PTV will
increase. On the other hand, when the tooth undergoes
marginal bone loss as a consequence of a chronic in-
flammation. it may lead to some tooth mobility, mainly
as a result of quantitative changes of the supporting
structures. In this case, these repeated and rapid load-
ings, applied to the same point on the anatomic crown
as on the healthy tooth, would generate an amount of
energy that would be immediately dissipated by means
of the tooth displacement. It is evident that, in these
cases, the Periotest is not solely measuring damping
characteristics of the periodontium, but also tooth
deflection. Hence, the greater the tooth mobility, the
higher its influence on the PTV.

This phenomenon results not only because of the
tooth mobility caused by periodontal breakdown, but
also because on those teeth, forces are applied at a
greater distance from the fulerum than in the earlier
clinical situation. Therefore, when teeth undergo this
type of condition. it is impossible to use the Periotest
method to detect or distinguish the effects of qualita-
tive factors (mentioned above) or even to assess the
damping characteristics of a reduced but healthy peri-
odontium that has reached a certain degree of tooth
mobility. In other words, the methodology described
for teeth seems to be inappropriate for assessing the
damping characteristics of the periodontium when mo-
bility caused by marginal bone loss is present. Further
research should be aimed to develop a modified rou-
tine that must consider other parameters in relation
with the marginal bone loss.
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scale from —8 until +50. From -8
Q"' until +13, the CT increases 0.02
gi millisecond by each PTV. This

i means 1% of the total rise (2.004
it milliseconds), by each PTV. But
from +14 to +50, this 1% succes-
sively grows an additional 0.0012
millisecond (0.06% of the total
rise) by each PTV. Therefore, in
this part of the scale, the CT in-
creases 0.02 + (PTV — 13) x
0.0012 milliseconds by each PTV.

In addition, the Periotest method faces another im-
portant limitation, the clinical interpretation of meas-
urements. As was mentioned earlier, rather than using
the measured CTs in milliseconds. PTVs are based on a
numerical scale from —8 to +50. This scale is calculated
by means of two different formulas designed to pro-
duce a convenient range of values:

1. Formula for PTV € 13:
contact time
0.02 ms

BV — 3

2. Formula for PTV > 13:
contact time

PTV =10x |
V' 0.06ms

—8.493 - 4.17

In the upper range (PTV > 13). the formula is qua-
dratic, and in the lower range (PTV = 13), the formula
is linear. Thus, if the CT from PTV — 8 (0.266 millise-
conds) to PTV +50 (2.27 milliseconds) rises 2.004 ms
(total rise), this rise is not proportional everywhere in
the scale (Fig 5).

From PTV —8 until PTV +13, the CT increases (.02
milliseconds from one PTV to the following one—this
represents 1% of the total rise by each PTV (Fig 5).
From PTV +14 until PTV +50, however, the rise in CT
from one PTV to the following PTV is not the same
1%. It progressively grows an additional 0.0012 milli-
seconds (0.06% of the total rise) by each PTV. There-
fore, the rise inCT will be .02 + (PTV —13) x 0.0012.
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To avoid this limitation, the group of periodontal pa-
tients (in whom PTVs along the whole scale are found)
was analyzed according to the CTs instead of the PTVs,
With this analysis. the results showed even higher R*
values (see Figs 3 and 4). This result may be interpreted
as the Periotest method’s measurement of damping
characteristics of the periodontium. but it is highly in-
fluenced by tooth mobility. Moreover. when mobility is
clinically detectable by means of the Miller method.”
the PTVs correlate highly with it, and damping charac-
teristics of the periodentium are doubly measured.

From all this it may be concluded that the Periotest
device decreases in sensitivity as the PTV increases
from +13 until +50. The clinical meaning of a rise in one
PTV unit is not the same along the whole scale. This
fact must be considered when following up patients and
in longitudinal studies.

According to the published literature ?%3*3 the
Periotest method was developed to produce a repro-
ducible percussive force to apply defined and repro-
ducible impacts. However. there are no detailed data
concerning the amount of force that the instrument
produces. In a preliminary in vitro study (not described
in the publication), Teerlinck et al' found that the peak
value of the force delivered by the rod varied between
12 and 18 N for PTVs of +2 to —4, respectively. On the
other hand, Chavez et al*! found, in an in vitro project,
that the load the Periotest handpiece rod applies to the
object being tested is approximately 5 N (the PTV re-
corded during the load test was —7).
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A distinction should be made between tooth mabil-
ity and damping characteristics of the periodontium.
Based on the published information. the Periotest me-
thod has proved ta be objective and highly reprodu-
cible for measurement of damping characteristics of
healthy teeth™ and the bone-implant interface.” Ne-
vertheless, both clinician and researcher should be
aware and take in account the limitations of this device.
This will lead to a more reasonable, critical, and accur-
ate use of the device as well as a better interpretation of
the values.

References

- Mihlemann HR. Tooth mobility: A review of clinical aspects
and research findings. J Periodontol 1967:38:686-708.

. Miihlemann HR, Rateischak KH. Tooth mobility. Its causes
and significance. J Periodontol 1965:36:148-153.

. Caffesse RG, Fleszar TJ. Occlusal trauma. In: Wilson TG I,

Kornman KS, Newman MG (eds). Advances in Periodontics.

Chicago: Quintessence, 1992:205-225.

Miihlemann HR. Periodontometry, a method for measuring

tooth mobility. Oral Surg Oral Med Oral Pathol 1951:4:

1220-1233.

. Parfitt GJ. Measurement of the physiological mobility of indiv-

idual teeth in an axial direction. J Dent Res 1960:39:608-618.

Korber KH. Electronic registration of tooth movements. Int

Dent J 1971:21:466-477.

O’Leary TJ, Rudd KD. An instrument for measuring horizontal

tooth mobility. Periodontics 1963;1:249-254.

Persson R, Svensson A. Assessment of tooth mobility using

small loads. I. Technical devices and calculations of tooth mabil-

ity in periodontal health and disease. J Clin Periodontol
1980:7:259-273.

Manly RS, Yurkstas A, Reswick JB. An instrument for meas-

uring tooth mobility. J Periodontol 195 148-155.

10. Zulgar-Nain J. Burgess G. Zander HA. Photogrammetry. |
Periodontol 1967:38:677-683.

. Burstone CJ, Pryputniewicz PH, Bowley WW. Holographic
measurement of tooth mobility in three dimensions. I Peri-
odont Res 1978;13:283-294.

12. Laster L, Landenbach KJ, Stoller NH. An evaluation of clinical
tooth mobility measurements. J Periodontol 1975:46:603-607.

. Parfitt GJ. The dynamics of a tooth in function. J Periodontol
1961:32:102-107.

14. Ericsson 1, Lindhe J. Probing depth at implant and teeth. An ex-
perimental study in the dog. I Clin Periodontol 1993;
20:623-627.

. Eriesson I, Giargia M, Lindhe J, Neiderud A-M. Progression of
periodontal tissue destruction at splinted/non-splinted teeth.
An experimental study in the dog. J Clin Periodontol
1993:20:693-698.

(%}

L

2

o

=

=

o

e

—
{7}

7

20.

[

o
3

o
("

2

r
=7

=

1

Oikarinen K, Kauppinen P, Herrala E. Mability and percussion
sound of healthy upper incisors and canines. Endod Dent Trau-
matol 1992;8:21-25,

. Gotfredsen K. Marginal tissue response adjacent to ASTRA

dental implants supporting overdentures in the mandible, A 2-
year follow-up study. Clin Oral Implant Res 1993:4:83-89.
Oliyé J; Aparicio C. The Periotest method as a measure of os-
seointegrated oral implant stability. Int I Oral Maxillofac Im-
plants 1990;5:390-400.

Teerlinck J, Quirynen M, Darius P, van Steenberghe D. Perio-
Lest: An objective clinical diagnosis of bone apposition toward
implants. Int J Oral Maxillofac Implants 1991:6:55-61.

Salonen M, Oikarinen K, Virtanen K, Pernu H. Failures in the
osseointegration of endosseous implants. Int J Oral Maxillofac
Implants 1993:8:92-97.

. Chavez H, Ortman L, De Franco R, Medige J. Assessment of

oralimplant mobility. J Prosthet Dent 1993:70:421-426.

- Buser D, Weber HP, Lang NP. Tissue integration of non-sub-

merged implants. 1-year results of a prospective study with 100
ITI hallow-cylinder and hallow-screw implants. Clin Oral Im-
plant Res 1990;1:33-40.

. van Steenberghe D, Tricio JA, Nacrt LE, Nys M. Damping

characteristics of the bone-lo-implant interface. A clinical study
with the Periotest device. Clin Oral Implant Res 1995 (in press).

. Schulte W, Lukas D. The Periotest method. Int Dent J

1992:42:433440.

. Miller SC. Textbook of Periodontia, ed 3. Philadelphia:

Blakiston, 1950,

. Lukas D, Schulte W. Periotest—a dynamic procedure for the

diagnosis of the human periodontium. Clin Phys Physiol Meas
1990:11:65-75

Schulte W, Lukas D, Ernst E. Periotest values and tooth mobil-
ity in periodontal disease: A comparative study. Quintessence
Int 1990;21:289-293.

. Bien SM. Hydrodynamic damping of tooth movement. J Dent

Res 1966:45:907-914.

. Oikarinen K, Andreasen JO, Andreasen FM. Rigidity of var-

ious fixation methods used as dental splints. Endod Dent Trau-
matol 1992:8:113-119.

. van Steenberghe D, Rosenberg D, Naert IE. Van den Bossche

L. Nys M. Evaluation of the damping characteristics of the peri-
odontium: Current concept and clinical trials. ] Periodontol
1995 (in press).

. Kindlova M. Matena V. Blood vessels of the rat molar. J Dent

Res 1962:41:650-656.

. Lindhe J. Branemark P-1. Changes in microcirculation after

local application of sex hormones. J Periodont Res 1967:
2:185-193.

. Slatter IM. Picton DCA. The effect on intrusive tooth mobility

of noradrenaline injected locally in monkeys. J Periodont Res
1972;7:144-150.

34, Schulte W. The new Periotest method. Compend Contin Educ

Dent 1989;12:410-417.

. Lukas D, Schulte W, Kénig M. Reim M. High-speed filming of

the Periotest measurement. J Clin Periodontol 1992;19:
388-391. |

Quintessence International  Volume 26, Number 3/1995

———

197






