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force sensor (Kistler, Z21134-300, 10H z). Ten dentists (7 male, 3 female) polished one Class
II restoration each using the one-step polishing system OptraPol together with a dental

Keywords: handpiece and water spray. The dentists were allowed to use all shapes of the polishing
Polishing system (small flame, large flame, cup, lens). During polishing, the press-on forces measured
Press-on force for up to 2 minutes. Simultaneously, the polishing procedure was recorded with a digital
Composite resin camera to correlate the forces with the polishing shapes and movements.

3D force sensor Results. In total, 17,999 force measurements were available for analysis. The mean forces of

all operators varied between 0.77(+0.63) N and 2.23(+1.48) N; the difference was statistically
significant (ANOVA, post-hoc Tukey B, p <0.05). All dentists exerted maximum forces higher
than 3 N (between 3.3N and 18.3N). Force values exceeded 2N during 25% of the polishing
time. Female dentists polished with a statistically significant lower force than male dentists
(ANOVA, p <0.001). Polishing with the large flame and the cup generated significantly higher
forces than polishing with the small flame and the lens (ANOVA, post hoc Tukey B, p <0.01).
Conclusions. The press-on forces applied during polishing varied significantly between den-
tists and within the same dentist. In about 25% of the polishing time, forces were above the
2N limit, which is recommended by some manufacturers as the maximum polishing force.
Test institutes and manufacturers should evaluate the polishing performance of polishing
instruments with various press-on forces.
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are not available, we may speculate that most dentists do not
spend a great deal of time and effort on the polishing proce-
dure or they even delegate this step to their dental assistants.

And many a dentist may ask: is intraoral polishing of direct
restorations really necessary or can the dentist leave it to the

1. Introduction

Polishing of directly placed restorations is a nuisance for many
dentists. Although data from representative clinical surveys
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patient as tooth brushing with abrasive toothpastes also pol-
ishes the restoration to a certain degree? The clear answer is
yes — polishing is necessary. A smooth surface reduces plaque
accumulation, improves aesthetics, reduces the risk of mate-
rial staining and wear and is good for the patient’s comfort
[1-5]. Surface gloss will be more maintained if the dentists
spend more time in initial polishing of composite resins to
achieve a high initial gloss as a laboratory study has shown
that challenged the polished surfaces with a toothbrushing
machine [6-12]

To polish a restoration does not only mean to smoothen the
restoration surface but also to finish and contour the restora-
tion, to remove any overhangs and excess material, and/or
to reshape the restoration due to an inadequate anatomi-
cal form. According to a survey carried out by the Clinicians
Report among 655 general practitioners in the USA, 78% of
dentists contour prior to light-cure [13]. If not, contouring
and reshaping must be performed with diamond or tungsten
carbide burs. One laboratory study revealed that contour-
ing/finishing with tungsten carbide burs results in a more
regular surface than with diamond burs [14]. However, there
are also dentists who use polishing systems for this step. In
the above-mentioned survey, 57% of dentists said that they use
polishing systems for contouring [13]. Roughly, the dental mar-
ket distinguishes between three different polishing systems:
(i) three-step systems with finisher (for contouring), polisher
and high gloss polisher; (ii) two-step systems with finisher and
polisher and (iii) one-step systems that should perform both
finishing and polishing in one step. There seems to be dif-
ferences between different countries with regard to the use
of one-step and two- or three-step polishing systems. While
a survey by the North American test institute Dental Advi-
sor revealed that 69% of the US clinical consultants surveyed
used single-step polishers [15], only 11% of German dentist
used one-step polishing systems according to a GFK survey
amongst German dentists [16].

The manufacturers offer different shapes to account for
the anatomy of the restored tooth. These shapes com-
prise flame-shaped polishers or and points in various sizes
for finishing/polishing occlusal surfaces, cups for finish-
ing/polishing proximal surfaces and the buccal and lingual
surfaces of extended restorations and discs for process-
ing anterior restorations as well as the proximal surfaces
of posterior restorations. Furthermore, the polishers can be
made of various materials, such as silicone, polyurethane
and rubber. By adding small synthetic diamond particles,
the polishing effect on both composite and ceramic mate-
rials is enhanced. In addition, the range includes flexible
discs with aluminium oxide particles of different roughness
and polishing brushes featuring special polishing bristles that
are especially designed for the polishing of occlusal surfaces
[13,15,17]. As far as the polishing performance is concerned,
numerous laboratory studies claim to have identified dif-
ferences between different polishing systems on different
composite specimens [18-32]. However, a clinical trial that
evaluated the polishing efficacy of four different polishing
systems (Diafix-oral diamond polisher, Two-striper MPS gel
diamond polisher, Dentsply experimental silicon carbide pol-
isher and Occlubrush) on 10 premolar and 10 molar Class
II restorations revealed no significant difference in surface

roughness after measuring replicas of the occlusal surfaces
[36]. The US test institute CR evaluated 7 different polishing
systems with respect to their polishing efficacy on specimens
made of Filtek Supreme Ultra and concluded that all 7 were
regarded as ‘excellent’ or ‘good to excellent’ [13]. The US test
institute Dental Advisor rated 9 polishing systems, recording
scores between 91% and 98% for all of them [15]. It seems
that the difference in polishability between different compos-
ite materials is more significant than the difference between
different polishing systems and their polishing performance.
But only when the difference is very great also in laboratory
investigations, as it was the case with the composite mate-
rial Grandio compared to other materials: both laboratory and
clinical trials confirmed the poor polishability of the material
Grandio [18,37].

Some manufacturers of dental polishing systems recom-
mend dentists to use a specific press-on force, mostly 2N or
below 2N (e.g. Kenda and Shofu). However, it is difficult for
dentists to assess the press-on force. Dentists may have an
idea of force when putting a dental handpiece with a polishing
instrument on a normal scale. Yet, this procedure seems to be
quite inaccurate. Studies in vitro have shown, that the press-
on force has an influence on both surface gloss and surface
roughness — depending on the material being polished [38].
Higher gloss is achieved with fine particle hybrid composite
resins when polished with 2 N instead of 4N while microfilled
composites seemed to be not affected by the press-on force.
Amalgam specimens, in contrast, can be polished to a higher
gloss when polished with higher press-on forces.

The goal of the present study was to measure the press-on
force during the polishing of composite restorations carried
out by 10 dentists in a clinically simulated procedure. Further-
more, the dentist’s preferences in terms of the shapes used for
polishing were documented.

Four hypotheses were defined:

(1) The press-on force varies significantly amongst the 10 den-
tists.

(2) The type of polishing shape used influences the press-on
force.

(3) The press-on force is above 2N during a considerable
period of polishing time.

(4) The preferences of shapes vary largely between the den-
tists.

2. Materials and methods
2.1.  Specimen preparation

Composite restorations (Tetric EvoCeram Bulk Fill) were placed
in standardized Class II two-surface cavities on acrylic/plastic
models of first upper molars (Ivoclar Vivadent, Article No.
609476). The surfaces were roughened by sandblasting (Ren-
fert, 50 pm Al, O3, 1bar pressure) (Fig. 1).

Ten dentists (7 male, 3 female) who are working clinically
at the Ivoclar Vivadent company were selected for this investi-
gation. The mean age of the dentists was 42 + 6.6 years (range
33-57 years) and the mean clinical experience was 14+4.3
years (range 7-21 years). The ten dentists polished one Class II
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Fig. 1 - Filling after sandblasting (A) and polishing (B).

Fig. 2 - OptraPol polishing system (from left to right): small
flame, big flame, cup, lens.

restoration with the one-step polishing system OptraPol using
a dental handpiece (KaVo Intramatic 20 LH) and water spray.
The dentists were allowed to use all shapes of the polishing
system (small flame, large flame, cup, lens) (Fig. 2).

The tooth was mounted on a device with a piezoelectric 3D
force sensor (Kistler, Z21134-300, 10 Hz) (Fig. 3). The force sen-
sor was operated together with a Kistler Type 5073 measuring
amplifier. The force was recorded using the “Force Measure-
ment Polisher, Version 1.1” software (SD Mechatronik GmbH,
Germany). The software of the force sensor can detect and
read forces over a running time of maximal 120s. The sen-
sor was placed under a small wooden table. The table had a
centre hole for the measuring head. On the sensor, an antag-
onist holder was screwed in place. The respective tooth with
the filling was mounted in the holder (see Fig. 1). In the hole
on the table, the fuselage part of a packaging tin was used;
the associated closure lid was also pierced. Thus, a latex rub-
ber dam could be clamped in place in order to protect the
sensor from splash water (Fig. 4). At the same time, direct
decoupling effects on the sensor were given by means of the
latex-film and the packaging tin during the polishing test. A
hand rest for the dentist was integrated into the small table as

Tooth with filling

Force sensor

Fig. 3 - Experimental set-up for force measurements
during polishing of a Class II composite restoration.

well as a suction mat for the cooling water. In addition to this
test setup, a webcam was set up to document the polishing
procedure with a video simultaneous with the force readings
(see Fig. 4). With the help of a video editing software pro-
gram (Premiere Elements), the non-polishing phases before
the start, after polishing and during e.g. pauses or position
changes were recorded and marked accordingly in the data
table of the force readings. In order to determine the aver-
age value of the readings, only to the values measured during
the effective polishing process were used, without including
the “zero values” in the series of readings. The principle of 3-
way measurements - measurement via x, y and z-axis with
a common zero point — caused the values measured to be
either positive or negative, depending on the linkage to the
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Fig. 4 - Experimental set-up for force measurements
during polishing of a Class II composite restoration; above
video camera.

sensor. However, the absolute value of the respective value
measured was always relevant for the evaluation. Piezoelec-
tric sensors are known to have a drift motion. For longer
reading times, the zero point of the output signal can move
to the negative or positive side. Also, temperature changes
can lead to sensor-internal temperature stresses and thus
to temperature errors, which must be corrected accordingly
{Kistler Operating Instructions 3-Component Force Sensor,
9251A_002-049d-05.06, © 2006, Kistler Instrumente AG, CH-
8408 Winterthur}. Even in the case of the existing series of
measurements, some drift effects were found. Therefore, in
order to counteract a falsification of the values measured, all
measurement series in all three axes were examined for drift
and then corrected accordingly. For this purpose, the recorded
force values during the non-polishing phases were analyzed.
In each case, a trend line of the linear drift was obtained and
deducted over the entire series of measurements.

2.2.  Statistical analysis

For the statistical analysis, only polishing sequences with
forces greater than zero were taken into consideration. The
explorative data analysis showed a non-normal distribution
of the force data in relation to both the dentist and the pol-
ishing shape. Several data transformations were applied but
none of them really improved the data distribution. Therefore,
the raw data were not transformed. For the evaluation of the
differences between the different dentists as well as the dif-
ferent polishing shapes, an analysis of variance (ANOVA) with
post hoc Tukey B test was applied (p <0.05).

For the evaluation of influencing factors on the press-on
forces, a univariate analysis with a generalized linear model
was performed.

3. Results

In total, 17,999 force measurements were available for anal-
ysis. The mean forces of all operators varied between 0.77
(£0.63)N and 2.23 (+1.48)N (Fig. 5); the difference was sta-
tistically significant (ANOVA, post-hoc Tukey B, p<0.05). All
dentists exerted maximum forces higher than 3N (between
3.3N and 18.3N). Only 3 of the 10 dentists used all 4 pol-
ishing shapes, 3 used three shapes (cup/lens/small flame or
cup/small flame/large flame), and 4 dentists used only two
shapes (cup/small flame or lens/small flame or lens/large
flame) (Fig. 6). The videos showed that the small and large
flames were exclusively used for the occlusal part of the filling
and the lens and cups for the proximal part of the filling. Pol-
ishing with the large flame and the cup generated significantly
higher forces than polishing with the small flame and the lens
(Fig. 7) (ANOVA, post hoc Tukey B, p<0.01). Female dentists
polished with a statistically significant lower force than male
dentists (1.38 N (+0.94) versus 1.56 (+1.38) N; ANOVA, p < 0.001).
However, a multifactorial analysis of variance revealed that
the most important factor which was responsible for the vari-
ability in the press-on force was the dentist him- or herself
(about 14% of variability) and not the shape of the polisher or
the dentist’s gender (less than 2% of variability each).

Force values were above 2N during 25% of the polishing
time (on average) and above 3N during 10% of the time on
average (Fig. 8) however, these values varied greatly between
the dentists. For instance, one of the dentists exerted forces
above 2N for more than 50% of the polishing time.

4, Discussion

This is the first study that investigated the press-on force
during polishing using a clinically simulated procedure and
involving ten dentists. Not surprisingly, the press-on force var-
ied widely between the ten dentists, which was also the most
important factor for the explanation of the variability of the
force readings. The selection of the 10 dentists is not repre-
sentative for dentists who work in a defined region or country
but they represent a valuable mixture of dentists at different
ages and clinical experience.

Only one composite resin material was chosen to be pol-
ished by the dentists as it can be assumed that the polishing
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Fig. 5 - Boxplot graphs of press-on force during polishing of a Class II composite resin restoration in relation to the dentist

(1-10). m =male dentist, f=female dentist.
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Fig. 6 — Bar diagram of the percentage of total polishing time in relation to the polishing shape and the dentist (1-10) and

mean percentage across all dentists (mean).

force may not depend on the composite material to be tested,
especially since the occlusal and proximal surface of the fill-
ings were roughened by sandblasting. The good polishing
performance of the one-step system OptraPol has been con-
firmed by laboratory trials [33-35].

The polishing process is a very dynamic task. The polisher
is constantly moving on the tooth surface. The forces acting
on them are also subject to constant fluctuations. The con-
tact force was rather low, averaging at 2N, but the force peaks
were significantly higher. The force peaks, both qualitatively
and quantitatively, were mostly found in the polishing of the
occlusal surfaces.

The polishability of dental materials in relation to polish-
ing systems is normally tested in vitro on flat specimens using

dental handpieces, a defined rotation speed and a predefined
polishing time. In most laboratory studies, the press-on force
during the application of the polishing systems is not con-
trolled and this issue is not even mentioned in the material
and method or the discussion section of the studies. So far,
only three studies mentioned any method applied to control
the press-on force. A study carried out to evaluate abrasive
bristles used a press-on force of 2.5N but it did not describe
how the force was controlled [39]. Two other studies that eval-
uated prophylaxis pastes and polishing pastes used a kitchen
scale with contactless magnetic switches to keep the press-on
force between 1.75N and 2.25N [40,41]. Another two stud-
ies mentioned light or low pressure that was applied without
defining what “light” meant [42,43]. In one study, a calibration
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Fig. 7 - Boxplot graphs of press-on force during polishing of a Class II composite resin restoration in relation to the

polishing shape.
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Fig. 8 - Bar diagram of the percentage of total polishing time with press-on force above 2N/3N/4N in relation to the dentist

(1-10) and mean percentage across all dentists (mean).

session was made prior to the application of the polishing
system, using an electronic laboratory scale to measure the
force applied during the various polishing steps [44]. The use
of uncontrolled force during polishing can be the cause for the
different results when the same composite resin is polished
with the same polishing instruments. The polishing force can
effectively be controlled in the laboratory by means of e.g. a
device that uses air pressure as a counterbalance for a defined
force in the range of 1N-10N, as has been demonstrated in
two laboratory studies by the principle author of this study
[17,38].

Some dentists intuitively exert higher forces as they think
that higher forces result in smoother surfaces and that these
surfaces can be accomplished in a shorter period of time. How-

ever, there is no direct correlation between press-on force and
polishing quality. The press-on force seems to be less criti-
cal for flexible discs like the Sof-Lex discs, as they bend and
counteract the increase in pressure. However, rubber discs and
polishing cups are stiffer and do not compensate for higher
pressure. One study revealed a statistically significant influ-
ence of the press-on force on the surface roughness of hybrid
composites, as a higher pressure resulted in less smooth sur-
faces with increased roughness [38]. The surface roughness of
the microfilled composite specimens was less affected by the
variance in forces in that study. With ceramic and metal mate-
rials higher press-on forces result in higher gloss [38,45]. There
is, however, no evidence from laboratory studies to support the
choice for nanofill or submicron composites over traditional
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microhybrids based onbetter surface smoothness and/or gloss
after polishing [46].

The findings are based on tests with only one-dimensional
force, usually a handpiece with a polisher onto which a bal-
ance or force gauge was pressed. Especially when polishing
fissures and cusps, the horizontal part is under pressure from
the vertical direction by which the polishing force is applied
and the cusp slopes are under pressure from the horizontal
or oblique direction of the force. Therefore, a series of mea-
surements should be performed using a 3D force sensor onto
which the tooth to be polished is placed to determine the
pressure forces that are effectively acting on the surfaces in
a procedure that is as realistic as possible.

Another factor was the type of shapes used for polishing.
In this respect, the large flames and cups were conducive to
higher forces than the small flames and lenses. Interestingly,
only 3 out of the 10 dentists used all 4 shapes for polishing
the restoration, and 4 used only two (2) shapes. The shapes
most used were the small and large flames followed by the
cups and discs, which is in line with the results of the above-
mentioned US survey amongst 655 general practitioners [13]:
57% used points for occlusal surfaces, 36% used cups and 31%
used discs for facial and lingual surfaces; only about 3-4% used
spirals.

5. Conclusions

The press-on forces during polishing varied significantly
between dentists and within the same dentist. In about 25%
of the polishing time, the forces applied exceeded 2N — a
value that is recommended by some manufacturers as the
maximum polishing force. Test institutes and manufactur-
ers should evaluate the polishing performance of polishing
instruments with various press-on forces.
All four hypotheses were confirmed:

(1) The press-on force varied significantly amongst the 10
dentists.

(2) The type of polishing shape influenced the press-on force.

(3) The press-on force was above 2N during a considerable
period of polishing time.

(4) The preferences of shapes varied largely between the den-
tists.
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