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Effect of magnification and press-on force 2
on resin composite polishing

Tuna Unal"'®, Bora Korkut?® and Dilek Tagtekin?

Abstract

Objective To evaluate surface roughness (Ra) and gloss (GU) of two resin composites after polishing with two
systems, using a novel press-on force guided (PFG) polishing simulator.

Materials and methods Eighty specimens were prepared using Essentia Universal (EU) and G-aenial Universal
Injectable (GUI) composites. Surface roughness and gloss were assessed by a profilometer (Marsurf Ps10), and a
glossmeter (Novo-Curve). They were polished with Sof-Lex and Twist Dia systems with or without magnification and
PFG. Each polishing material was used for 30 s. Ra; and GU,; measurements were repeated by the same operator. Data
were analyzed using One-way ANOVA, Three-way ANOVA, and Robust ANOVA with Bonferroni Correction for multiple
comparisons and Spearman’s rho Correlation Coefficient (< 0.050).

Results Higher Ra values were observed in GUI group for Twist Dia (0.33+0.05%) compared to SofLex (0.22 +0.08").
Roughness was higher when PFG was uncontrolled (0.31+0.07%), compared to the controlled (0.25+0.09"). No Ra
difference was observed in EU group between SoflLex (0.33 +0.04) and Twist Dia (0.29+0.04)(P=.440). Uncontrolled
PFG provided higher gloss for GUl and EU composites (69.7 +2.91%, 54.63 + 18.68, respectively). Twist Dia presented
higher gloss for GUI and EU composites (72.3+2.57%,58.88 + 13.737 respectively). Magnification did not affect the
roughness or gloss for both composites (P>.05). A moderate negative correlation was found between roughness and
gloss in GUI (r=-546)(P <.001), while no correlation was observed in EU (r=-.110)(P=.449).

Conclusion Higher surface roughness and gloss were observed with uncontrolled (not constant) press-on force.
Even though SoflLex may provide a lower surface roughness, Twist Dia can generate a greater surface gloss regardless
of the composite type. 3.5X loupe magnification was not effective on surface roughness and gloss within a limited
polishing time.

Clinical Relevance Press-on force is an important factor affecting the composite polishing quality. Spiral polishing
wheels can be advantageous for composite restoration polishing, as they better preserve the secondary and tertiary
anatomies and provide a higher gloss. The effect of magnification on composite polishing can be related to the time
spent using it.
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Introduction

The surface roughness of a direct resin composite res-
toration is one of the most important factors determin-
ing its clinical success and longevity [1, 2]. It is directly
related to the gloss, color stability, and thus the esthetics,
mechanical properties, and wear kinetics of a restoration.
The patients can perceive surface roughness of more than
0.3 um with the tongue [3]. In addition, increased surface
roughness can increase biofilm adhesion and maturation,
gingival irritation, and the recurrence of caries lesions
[4]. A surface roughness of more than 0.2 pm was deter-
mined to be perceived by the patient’s tongue, which was
generally accepted as the maximum roughness thresh-
old for dental restorations [3]. Therefore, surface rough-
ness is also related to tactile perception and, thus, patient
comfort [5]. Regarding the composite restorations, fin-
ishing and polishing procedures are mandatory after lay-
ering to eliminate the surface roughness [3]. Finishing is
defined as rough contouring or reduction to obtain the
desired morphology of the restoration, while polishing
refers to the reduction of roughness and scratches typi-
cally caused by the finishing instruments and to provide
a glossy surface [6]. The structure of the resin composite
materials was improved to enhance the surface polish-
ability and, thereby, the color stability in the long term [7,
8]. The major change was in the modification of inorganic
filler content, such as reduction in the filler size, altera-
tions in the filler shape, and an increase in the filler ratio
[9].

Various finishing and polishing materials in different
sizes and shapes have been introduced for the effective-
ness of the materials for different anatomical forms of
the tooth. The shapes consist of cups, tips, points, flames,
coated abrasive disks and strips, brushes, wheels, and spi-
ral wheels [3, 6]. In addition, different types of particles
were embedded in the finishing and polishing materials,
such as aluminum oxide, silicon carbide, polyurethane, or
diamond particles, to reinforce the efficacy of the polish-
ing [3, 10]. Also, materials for polishing both resin com-
posites and ceramic surfaces were recently introduced
[3]. Additionally, different levels of surface abrasiveness
from different finishing and polishing materials and steps
were previously reported, and the possible effect of the
press-on force on this during the application was indi-
cated [10]. Thus, the finishing and polishing were consid-
ered a highly material-dependent and technique-sensitive
procedure [6, 10, 11].

The press-on force is another variable that determines
the effectiveness of the finishing and polishing proce-
dure in terms of gloss and surface roughness, depending
on the resin-based material [10, 12]. Heintze et al. and
Yu et al. pointed out that in most of the in vitro studies,

Page 2 of 10

the press-on force is not controlled or stabilized, and
this aspect was not even mentioned in the studies [12,
13]. The press-on force of <2 N was considered a criti-
cal value by some manufacturers, such as Kenda (USA)
and Shofu (Japan) [3]. However, it is not always possible
to standardize it and maintain the exact level of pres-
sure clinically for the operator. Various previous in vitro
studies used unidirectional forces, whereas the force
vector is also an important parameter [12]. It is clini-
cally irrelevant to apply unidirectional force, especially
when considering the anatomy of the tooth [10]. Kre-
jci et al. evaluated the abrasiveness of bristles in vitro
using a unidirectional force of 2.5 N, but they provided
no information about standardizing the press-on force
[14]. The shape of the polishing material and the contact
angle to the corresponding tooth surface were also con-
sidered influencing parameters for the press-on force [3].
In this context, large flames and cups have been reported
to conduct larger forces compared to small flames and
lenses [3, 12]. Consequently, the quality of the polishing
cannot be evaluated only by the level of surface smooth-
ening but also by assessing the gloss and the remaining
surface morphology [3].

Working under magnification allows a more conserva-
tive and precise approach to the restorative procedures
[15]. In addition, magnification can improve the qual-
ity of finishing and polishing procedures when it comes
to assessing and correcting rough restoration surfaces
that cannot be visible to the naked eye [16]. Operating
movements with a precision of 1-2 mm were previously
reported for dentists working without magnification,
whereas it was approximately 10-20 pm under 20X mag-
nification [17]. The limit to the precision of the treatment
was therefore considered not in the hands but in the eyes.

There is a lack of simulation of correct clinical condi-
tions for finishing and polishing procedures in the lit-
erature [12]. A proper polishing simulator must address
issues such as standardization, accuracy, and reliability
through multi-directional press-on force guidance [10,
12]. Moreover, it might be more reliable to investigate the
effect of magnification in this regard. Therefore, the pres-
ent study aimed to assess the surface roughness (Ra) and
surface gloss of micro- and nano-hybrid composite speci-
mens after finishing and polishing procedures with two
polishing systems using a novel Press-on Force-Guided
(PFG) Polishing Simulator, with and without magnifica-
tion. The null hypotheses of the study were: (I) The press-
on force guidance did not affect the surface roughness
and gloss, and (II) Magnification did not affect the sur-
face roughness and gloss. (III) There will be no difference
in surface roughness and gloss for the investigated finish-
ing/polishing systems.
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Materials and methods

The sample size was calculated using G*Power 3.1.9.7
software based on an ANOVA test with an effect size of
f=0.4; a=0.15; 1- =0.80, n =5 for each subgroup [18].

Eighty disc-shaped composite samples from two types
of resin composites were prepared using disc-shaped
silicon molds with a 10 mm diameter and 2 mm thick-
ness. To obtain standardized initial specimen surfaces,
the composite in the mold was covered using a mylar
strip on the top and the bottom surface, then compressed
between two glass slides [19]. The polymerization was
performed using a polywave LED curing unit (Valo
Grand, Ultradent, USA) at 1000 mW of radiant exitance
for 20 s on each side. Two main groups were created as
per the selected two composites. A micro-hybrid (Essen-
tia Universal, GC Corp., EU) and a nano-hybrid (G-aenial
Universal Injectable A2 shade, GC Corp., GUI) were
used. The samples in each composite group were ran-
domly divided into two subgroups as per the polishing
systems: Sof-Lex (medium [40], fine [24y], and superfine
[8ul, 3 M, USA) and Twist Dia (pre-polisher [40-50y]
and high-shine polisher [3-6p], Kuraray, Japan). The
types of resin composites and polishing systems are listed
in Table 1.

The specimens in each polishing group were further
subdivided according to the use or no use of 3.5X mag-
nification and the press-on force guidance, respectively
(n=5). The workflow chart is presented in Fig. 1. A single,
experienced (5 years of experience) restorative dentistry

Table 1 The type of resin composites and Polishing systems

Material Type Content Manufacturer
Essentia Microhybrid  Resin matrix: UDMA, Bis- GC Corp,,
Universal Composite  MEPP, Bis-EMA, Bis-GMA,  Japan
Shade (EV) TEGDMA.

Inorganic filler: pre-

polymerised fillers

(17 ym): strontium glass

(400 nm), lanthanide

flioride (100 nm), fumed

silica (16 nm) FAISi glass

(850 nm), 81% wt
G-aenial Nano-hybrid  Resin matrix: UDMA, Bis-  GC Corp,,
Universal Composite MEPP, TEGDMA, pigment,  Japan
Injectable photoinitiator.
(GUI) Inorganic filler: Silicon

dioxide, strontium glass

(10-200 nm), 69% wt,

50% vol
Sof-Lex Disc  Polishing Medium (40p), Fine (24u), 3 M ESPE, USA

Discs and SuperFine (8u) grits

Twist Dia Polish- Pre-polisher (14p) and Kuraray Nori-
ing Spiral High-shine polisher (10p)  take, Japan
Wheels grits

Bis-GMA bisphenol A diglycidil dimethacrylate, Bis-EMA bisphenol A glycol
methacrylate ethoxylated, TEGDMA triethylene glycol dimethacrylate, UDMA
urethane dimethacrylate, Bis-MPEPP 2,2-bis[(4-methacryloxy polyethoxy)
phenyllpropane
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instructor performed the polishing procedures. The 3.5X
loupes were used under constant 5500 K° illumination.
To avoid eye fatigue, the operator looked at a blue col-
ored surface before polishing every specimen’s surface.
The specimen flat surfaces were also standardized by the
operator using silicon carbide abrasive papers in 600,
800, and 1000 grits. The abrasive papers were renewed
for each specimen. Then, before the initial assessments,
the thickness of each specimen was calculated (three
times for each specimen) by the operator using an indus-
trial digital screw-type micrometer (0.001 mm) with
25-50 mm measuring range (ME-DI-MIC-25- 50-LD
Digital Micrometer, Allendale Group Ltd., UK) [10]. The
average hickness values were used for statistical analysis,
and following the observation of no significant difference
between the initial thicknesses, the assessments of the
study were initiated.

The initial surface roughness was measured (baseline,
Ra,) using a contact-type profilometer (Marsurf Psl10,
Mahr, Germany), and the surface gloss values were mea-
sured (baseline, GU,) using a gloss meter (Novo-Curve,
Rhopoint, UK). Glossmeter measurements were per-
formed three times by a single operator to minimize
the bias, and the average values were used for the sta-
tistical analyses. The profilometer measurements were
performed 6 times by moving the device tip in two direc-
tions (3 times for each), which were perpendicular to
each other. This was done to avoid false assessments due
to possible unidirectional minor surface scratches and
to evaluate the surface texture more accurately. Follow-
ing baseline measurements, the specimens were stored in
distilled water for 24 h. Then, one side of the specimens
was polished as per the manufacturer’s recommendations
using the polishing systems. A latch-type slow-speed
handpiece (Kavo, Bismarckring) was used in dry condi-
tions for the polishing at a constant 10.000 rpm. Each
polishing step was used continuously for 30 s (thereby a
total of 60 s for the two-step and 90 s for the three-step
systems) for the selected polishing system under dry con-
ditions by rotating the specimen a quarter turn in a clock-
wise direction every 5 s to achieve a homogenous surface
polishing. The polishing procedure was performed by a
single, experienced restorative dentistry instructor. A
novel PFG Polishing Simulator device, including a force
sensor, was manufactured to monitor the press-on force
during the polishing procedures (Fig. 2). The same force
sensor was previously used by Heinze et al. and Yu et al.
to quantitatively assess the vertical press-on forces dur-
ing the polishing procedures [12, 13]. However, rather
than reading the instant press-on force value, the PFG
Polishing Simulator used in this study can generate a
computer-based output of the press-on force range dur-
ing the whole polishing period. Although it was used
previously for monitoring the press-on force during the
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Disc Shape Composite Samples
(N=80)

G-aenial Universal Injectable Group Essentia Universal Group

Sof-Lex Disc Twist Dia Sof-Lex Disc a Twist Dia
Group

@ Group Group ' -~ Group

(3 X 30 sec) (2 X 30 sec) (3 X 30 sec) (2X30 sec)

With 3.5X Without With 3.5X Without With 3.5X Without With 3.5X Without
Loupe Loupe Loupe Loupe Loupe Loupe Loupe Loupe

@%@%@ﬁ@

Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled
2-4N 2-4N 2-4N 2-4N 2-4N 2-4N 2-4N 2-4N

Press-on

Press-on Press-on Press-on Press-on Press-on Press-on
Force Force Force Force Force Fom Force
(n=5) (n=5) (n=5) (n=5) (n=5) (n=5) (n—5) (n=5)
Uncontrolled Uncontrolled Uncontrolled Uncontrolled Uncontrolled Uncontrolled Uncontrolled Uncontrolled
Press-on Press-on Press-on Press-on Press-on Press-on Press-on Press-on
Force Force Force Force Force Force Force Force
(n=5) (n=5) (n=5) (n=5) (n=5) (n=5) (n=5) (n=5)

Fig. 1 The workflow chart of the study. Two composite groups of the study were G-aeniel Universal Injectable (GUI) and Essentia Universal (EU). Two
polishing systems of the study were SoflLex Disc and Twist Dia. The magnification used in some groups of the study was the 3.5X loupe. The polishing
procedures were performed with controlled (2-4 N) and uncontrolled (free-force) press-on force

Fig. 2 The Press-on Force-Guided (PFG) Polishing/Brushing Simulator
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tooth brushing procedure, this is the first time that this
novel simulator was used for a composite polishing pro-
cedure [20]. The handpiece, including a polishing mate-
rial, was held free-hand by the operator on the PFG
Polishing Simulator so that the operator could perform
the polishing procedure while monitoring the applied
press-on force simultaneously. The handpiece was not
fixed in order to assess the press-on force alterations dur-
ing the application, thus, to simulate the real clinical sce-
nario. The related quantitative data could be read by the
observer directly from the device’s screen by using a data
cable and a computer. In the controlled force group, the
observer applied the press-on force between just 2-4 N
by simultaneously checking the device’s screen. There-
fore, the small press-on force range output data of the
entire polishing procedure was recorded for each polish-
ing system. In the uncontrolled force group, the speci-
mens were polished without simultaneously reading the
data from the screen; in other words, it was a free-hand,
blind force application. At the end of the procedure, the
press-on force range of the output data was read. Thus,
a wider press-on force range of the entire polishing pro-
cedure was extracted and collected. The recordings were
performed for each of the polishing systems for both
composite types. Following the polishing procedures,
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surface roughness (Ra;) and gloss measurements (GU,)
were performed by the same operator again.

The data were analyzed using the Minitab V14 and
Jamovi V2.3.28 software programs. The normality was
checked using the Shapiro-Wilk test. One-way ANOVA,
Three-way ANOVA, and Robust ANOVA with Bonfer-
roni Correction were used for the multiple comparisons.
Correlation between the roughness and gloss was ana-
lyzed using Spearman’s rho Correlation Coefficient. The
deemed significance was set at <0.05.

Results

Regarding the surface roughness (Ra) values of the
injectable composite group, press-on force stability and
polishing system type affected the results (Table 2). Sig-
nificantly higher Ra values were observed for the Twist
Dia (0.33+0.05%) polishing system compared to the
SofLex Disc (0.22+0.08%) (Fig. 3c and a, respectively).
The use of magnification did not affect the roughness
level (P=.250). Regardless of the polishing system (in
total), the Ra values were significantly higher when the
press-on force was uncontrolled (0.31 +0.07%), compared
to the stable force (0.25+0.09"). Whereas the interaction
of the polishing systems and the press-on force variable
did not affect the surface roughness (P=.163).

Table 2 Multiple comparisons for the surface roughness (Ra) of the injectable composite

Test stat. P
Press-on force 8.150 0.007
Polishing Magnification  press-on Force Overall Polishing system 29.760 <0.001
System Comparison
Controlled Uncontrolled Magnification 1.370 0.250
Soflex Disc No 0.21+0.10 0.28+0.08 0.25+0.09 Press-on force kPolishing 2.040 0.163
Yes 0.16+0.04 0.25+£0.06 0.20+£0.07 system
Overall 0.18+£0.08 0.27+0.07 0.22+£0.08" Press-on force 0.010 0919
Twist Dia No 0314006 035+0.06 033+0.06 *kMagnification
Yes 0.32+0.04 0.34+0.03 0.33+0.03 Polishing system 1.150 0.292
Overall 0324005 034+005 033+0.05 *kMagnification
Overall No 0.26+0.10 0.32+0.07 0.29+0.09 Press-on force* Polishing 0.260 0614
Comparison Yes 0.24+0.09 0.29+0.07 0.27+0.08 system *Magnification
Overall 0.25+0.09" 0.31+0.07% 0.28+0.09

no difference between the groups with the same letters
*Three-way ANOVA, R?=57.18%, corrected R?=47.82%, average * sd, (w-z)

0000

Fig. 3 Images of specimens’surface structure under 22X of dental operating microscope magnification. (@) GUl composite surface structure after polish-
ing with the SoflLex system. (b) EU composite surface structure after polishing with the SofLex system. (c) GUl composite surface structure after polishing
with the Twist Dia system. (d) EU composite surface structure after polishing with the Twist Dia system
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As for the surface roughness values of the paste-type
composite group, the results were not influenced by any
of the variables or interactions (Table 3). There were no
significant differences in the surface roughness between
the SofLex Disc (0.33+0.04) and Twist Dia (0.29 +0.04)
polishing systems (P=.440) (Fig. 3b and d, respectively).
The use of magnification did not affect the roughness
level (P=.715). Regardless of the polishing system, the Ra
values were higher for the uncontrolled press-on force,
but the difference was not significant (P =.140).

Regarding the gloss (GU) values of the injectable
composite group, press-on force and the type of polish-
ing system significantly affected the results (Table 4).
Significantly higher gloss values were observed for the
Twist Dia (72.3+2.57%) polishing system compared to
the SofLex Disc (42.2 +5.52Y) (Fig. 3c and a, respectively).
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The use of magnification did not affect the level of gloss
regardless of the polishing system (P=.160). The gloss
level was significantly higher when the press-on force
was uncontrolled (69.7 +2.91%), compared to the stable
force (45.2+6.2%). Significantly higher gloss values were
also obtained for the uncontrolled press-on force in the
SofLex Disc (60.2 + 3.21%) and Twist Dia (78.5 £ 3.54°) pol-
ishing systems individually (?=.001).

Regarding the gloss values of the paste-type composite
group, the press-on force control and the type of polish-
ing system significantly affected the results (Table 5). The
gloss level for the paste-type composite groups was quan-
titatively lower than the injectable composite groups. Sig-
nificantly higher gloss values were observed for the Twist
Dia (58.88+13.73%) polishing system compared to the
SofLex Disc (32.73+9.99%) (Fig. 3d and b, respectively).

Table 3 Multiple comparisons for the surface roughness (Ra) of paste-type composite

Test P
stat.
Press-on force 2.402 0.140
Polishing Magnification Press-on Force Overall Polishing system 0.633 0.440
System Comparison
Controlled Uncontrolled Magnification 0.137 0.715
SofLex Disc No 037+0.12 035+0.13 0.36+0.09 Press-on force * Polishing 1.234 0.278
Yes 0.29+0.05 0.37+0.08 0.33+0.04 system
Overall 0.33+0.06 0.36+0.07 0.33+0.04 Press-on force 1.524 0.229
Twist Dia No 0.26+0.09 0.33+0.09 0.30+0.06 *kMagnification
Yes 011+0.16 044+0.15 0.27+0.12 Polishing system 0.005 0.946
Overall 0.19+0.09 038+0.08 0.29+004 *kMagnification
Overall No 0.32+0.07 0.34+0.08 0.31+£0.05 Press-on force 3k Polishing 0.301 0.589
Comparison Yes 0.20+0.08 0.40+0.08 0.30+003 system *kMagnification
Overall 0.27+0.04 0.35+0.05 031+0.04
*Robust ANOVA, trimmed mean was used for the comparisons (Trim ratio: %5), trimmed mean average +sd
Table 4 Multiple comparisons for the surface gloss (GU) of the injectable composite
Teststat. P
Press-on force 89.220 <0.001
Polishing Magnification  press-on Force Overall Polishing system 144.700 <0.001
System Comparison
Controlled Uncontrolled Magnification 2.110 0.160
SofLex Disc No 36.1+4.07 5794551 47+5.17° Press-on force * Polishing 24.140 0.001
Yes 10.7+2.16 62.6+3.55 36.7+9.8° system
Overall 234+5.18° 60.2+3.21° 422+552 Press-on force 21.780 0.001
Twist Dia No 699+538  726+5 712+35b *Magnification
Yes 639+14 844+3.15 74.1+4.13° Polishing system 6.640 0.001
Overall 669+284>  785+354 7234257 *Magnification
Overall No 53+7.01% 65.2+4.44%° 59.2+4.29 Press-on force 3k Polishing 1.440 0.242
Comparison Yes 373+992°  735+461° 56.1+697 system *kMagnification
Overall 452+6.2% 69.7+2.91% 576+243

no difference between the groups with the same letters

*Robust ANOVA, trimmed mean was used for the comparisons (Trim ratio: 5%), trimmed mean averagetsd., (a, b, w, x, y, 2)
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Table 5 Multiple comparisons for the surface gloss of paste-type composite

Teststat. P
Press-on force 64.770 <0.001
Polishing Magnification  press-on Force Overall Polishing system 142.190 <0.001
System Comparison
Controlled Uncontrolled Magnification 0.020 0.881
SofLex Disc No 31.86+7.33 34.71+841 3329+7.59 Press-on force *kPolishing 11.100 0.002
Yes 23.25+£8.05 41.09+8.88 3217+£12.34 system
Overall 27.56+8.56° 37.90+8.82° 32.73+999 Press-on force 3.000 0.093
Twist Dia No 46.23+345 71.08+842 5866+ 14.44 *kMagpnification
Yes 46.57 £4.69 71.64+344 59.11+13.77 Polishing system 0.130 0.724
Overall 46.40+3.89° 71.36+6.07° 58.88+13.73 *kMagnification
Overall No 39.05+9.30 52.90+20.75 4597+17.19 Press-on force % Polishing 2.830 0.102
Comparison Yes 349141377 56371731 4564+18.79 system *Magnification
Overall 36.98+11.63" 54.63+18.68" 4581+17.77
no difference between the groups with the same letters
*Three-way ANOVA, R?=87.5%, corrected R=84.77%, average +sd, (a, b, w, x, y, 2)
The use of magnification did not affect the level of gloss  Discussion

(P=.881). In total, the gloss level was significantly higher
with an uncontrolled press-on force (54.63 + 18.68x) than
with a stable press-on force (36.98 +11.63%). In addition,
the press-on force significantly affected the gloss for both
the SofLex and Twist Dia groups, as the uncontrolled
force showed a significantly higher gloss in each group
(P=.002).

Regarding the comparison between the composite
types, GUI composite presented significantly higher sur-
face gloss and lower surface roughness than the EU com-
posite (p<.001 for each) (Table 6). A moderate negative
correlation was found between surface roughness and
gloss in the GUI composite group (r =-.546; P<.001),
whereas there was no correlation between the two vari-
ables in the EU composite group (r =-.110; P=.449)
(Table 7).

Table 6 Comparison between the composite types regarding
surface roughness(Ra) and gloss (GU).

Composite Type F P*
Flowable Paste-Type
Composite Composite
(GIU) (EU)
Surface Gloss (GU) 347443297 2804+2637 6726 <0.001
Surface Roughness 0.231+£0.150 0304+£0.226 1385 <0.001

(Ra)

Table 7 Correlation between the surface roughness (Ra) and
gloss (GU) values.

Surface Gloss
(GU)
r P

Composite Type

-0.546 <0.001
0499

Surface Roughness (Ra)
Surface Roughness (Ra)  -0.11

Injectable Composite (GUI)
Paste-Type Composite (EU)

The first hypothesis of the study was rejected because the
controlled press-on force decreased the surface rough-
ness and the surface gloss for both composites. However,
only the decrease in roughness in the EU group was not
considered statistically significant. The second hypoth-
esis of the study was accepted because the use of magni-
fication did not affect the roughness level significantly for
all groups. The third hypothesis of the study was partially
rejected because a significant difference in surface rough-
ness was observed between the two polishing systems
for the flowable composite group but not the paste-type
composite group.

The impact of press-on force

The importance of the press-on force during composite
polishing was previously mentioned by Heintze et al,
who considered not monitoring it as a critical limitation
of many studies [12]. This study used a novel PFG Pol-
ishing Simulator during the entire polishing procedure
that possesses a 3D force sensor to evaluate the vertical
press-on forces and thereby simulate clinical scenarios. A
similar monitoring and standardization in press-on force
was performed using this device recently by Meseli et al.,
for the tooth brushing procedure [20]. Heintz et al. con-
cluded that although many manufacturers recommend
the press-on force of 2 N as an optimal value for compos-
ite polishing procedures, it can be beyond 2 N during the
application [12]. Accordingly, in the present study, 2 N
was selected as the control threshold during the press-on
force monitoring. However, since it was not possible to
keep 2 N constantly in clinical conditions due to the mul-
tidirectional forces, a more realistic range for the control
threshold was set as 2—4 N, based on the pilot studies.
Moreover, in clinical practice, the exact press-on forces
used by clinicians cannot be foreseen due to the different
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types, shapes, and hardness of the chosen polishing sys-
tem and the anatomical form of the tooth [3, 10]. There-
fore, polishing with the uncontrolled press-on force was
also evaluated as a separate group in this study.

The surface roughness decreased in the present study
when the press-on force was limited between 2 and 4 N
during the polishing. This result was valid for both com-
posite materials, yet it was only significant for the pol-
ishing of GUI (Tables 2 and 3). Since the uncontrolled
press-on force could be randomly lower or higher than
2-4 N, it is not possible to compare the load of press-
on forces applied. However, it can be interpreted that
the controlled press-on force during polishing was likely
more effective in reducing roughness compared to free-
force polishing. In agreement with Heintze et al. [12], the
results of the present study revealed that the results of
various previous studies might not simulate real clinical
conditions, as the reported results could be even worse
due to the unstable polishing press-on force. The reason
for the insignificant difference in the roughness of the
paste-type composite can be attributed to the structural
difference in terms of size, quantity, and silanization of
the inorganic fillers, which leads to a low polishability of
the microhybrid EU composite. In other words, the effect
of the press-on-force control was more evident when a
composite has a higher polishability, such as the nano-
hybrid GUI composite [21]. In addition, the obtained
surface gloss was higher for both the EU and GUI com-
posites when the press-on force was not controlled
(Tables 4 and 5). Therefore, in the present study, the sur-
faces resulting from the uncontrolled press-on force were
considered glossier, and the opposite was also valid.

The relation between gloss and roughness

The nanohybrid, highly-filled flowable GUI composite
presented higher surface gloss and lower surface rough-
ness than the microhybrid EU (Table 6). Moreover, as
expected, a moderately negative correlation was observed
between roughness and gloss in nanohybrid flowable
composite GUI, while no correlation was found in micro-
hybrid paste-type composite EU. However, when the
results were examined in detail, the results of the present
study revealed that surface gloss may not only be related
to surface smoothness. Because even though the Twist
Dia system produced a rougher surface for the nanohy-
brid flowable GUI composite, it also produced higher
gloss compared to the SofLex (Fig. 3c and a, respectively).
Also, when there was no significant difference in rough-
ness, the Twist Dia system still presented a higher gloss
than the SofLex system (Fig. 3d and b, respectively).
These results were in agreement previous outcomes of
Korkut B [3] and Korkut et al. [19]. Therefore, it might
be interpreted that the surface gloss is more related to
the selected polishing system rather than the composite
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type. Additionally, a very low level of surface rough-
ness may not always be needed to achieve a high level of
surface gloss [19]. The authors of this study believe that
this relation between roughness and gloss provides very
important clinical information and should be considered
in clinical practice, especially when selecting the polish-
ing system and polishing the restoration surfaces, includ-
ing macro- and micro-surface textures [1, 3]. The higher
gloss values for the highly filled flowable nanohybrid
composite GUI than the paste-type microhybrid EU were
also expected in agreement with the previous results [21,
22]. Because of the high polishability of the nano-sized
filler particles, GUI had an important advantage com-
pared to the micro-sized fillers of EU.

The impact of magnification

The use of magnification did not affect the surface rough-
ness and gloss significantly within the limitations of the
present study. Even though this statistical outcome was
unexpected, the surfaces polished under magnification
presented quantitatively lower Ra values (Tables 2 and
3). A loupe magnification of 3.5X was used in the present
study, which can be considered a more time-demanding
procedure compared to the naked-eye polishing [3]. With
the magnified vision, the ability to see the surface in detail
increases, and thus, it usually increases the chair time.
Even though there is a lack of evidence regarding the
effect of magnification in composite polishing, it might
be interpreted that the ineffectiveness could be due to the
limited time (30 s) spent on each polishing step in this
study. Therefore, if the polishing time were not limited,
a more effective surface polishing could be performed
using the loupe compared to the naked eye. Another rea-
son might be the magnification ratio, and a greater mag-
nification, like a dental operating microscope, might have
caused different outcomes [15, 16]. It might be useful to
conduct further studies evaluating the operators’ experi-
ence with the loupes and different magnification ratios,
with no time limit for the polishing procedure.

Comparison between the polishing systems

When comparing the polishing systems, the SofLex Disc
was found to be more effective than Twist Dia in reduc-
ing the surface roughness of the GUI due to its lower
Ra values (Table 2). However, the two polishing systems
showed similar roughness values when polishing the
Essentia Universal (Table 3). The difference in the inor-
ganic filler particles, the filler ratio, and the silanization
of the two composites could be the reason for these dif-
ferent results in this study. It has been reported that the
filler size, volume, weight, layering thickness, and degree
of conversion are effective factors for the polishing qual-
ity of resin-based composites [23]. It has already been
mentioned that the highly filled flowable nanohybrid
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composite GUI possesses the combination of strength,
polishability, gloss retention, wear resistance, and trans-
lucency or opacity of a conventional paste-type com-
posite [24, 25]. It was assumed that smoother restorative
surfaces can be achieved by using composites with a
smaller particle size, which leads to better distribution
within the resin matrix [26]. In addition, the filler content
of the GUI is 69 wt% by weight, which is relatively lower
than the filler ratio of the microhybrid composite Essentia
Universal, which is 81% by weight [1, 3]. Therefore, it was
not surprising that a gold standard polishing system, the
Sof-Lex Discs, presented better roughness results with
a material with high polishability and a higher organic
matrix content [21]. Furthermore, the polishing motion
on the surface was cited as an influencing factor [27].
Fruits et al. [27], mentioned three crucial movements for
developing an optimal surface texture: rotational (cir-
cular) motion, reciprocal motion, and planar motion.
They concluded that planar motion produced the low-
est roughness values, whereas the type and shape of the
polishing material were not evaluated accordingly. In this
study, the planar movement was used for both polishing
systems. However, the effect of the disc and spiral shapes
during this movement remains unclear. It is likely that
the spiral shape of Twist Dia absorbed the high press-
on forces during uncontrolled polishing, resulting in less
effective smoothing but a more conservative approach to
preserve the tertiary anatomical form and avoid excessive
material removal from the surface, as previously men-
tioned by Korkut and Unal [10]. Moreover, the Sof-Lex
system was used in 3 steps, resulting in a polishing time
of 90 s, which was a longer period of time than the 60 s of
the two-step Twist Dia. The gloss achieved with the Twist
Dia system was higher than that of the Sof-Lex Discs sys-
tem for both flowable and paste-type composites in the
present study (Tables 4 and 5). The diamond particles and
the flexible rubber spirals in Twist Dia probably resulted
in a better gloss compared to the aluminum oxide par-
ticles in the Sof-Lex Discs, despite the mentioned shorter
polishing time with Twist Dia [3, 10]. Therefore, it could
be considered that the diamond-embedded spiral wheels
can produce a glossy surface, even if it is considered
rough, in agreement with Korkut et al. [19]. As men-
tioned above, this information could be useful for clini-
cians when polishing anterior composite restorations
with macro- and micro-surface textures (secondary and
tertiary anatomical forms) to avoid altering the surface
texture produced [3]. Accordingly, for restorations where
only surface smoothing is important and esthetic expec-
tations are not very high, the three-step Sof-Lex System
can be preferred. However, it should be borne in mind
that it may significantly change the surface texture, and
the gloss may be relatively low, while the two-step Twist
Dia can easily bend and adapt to an irregular surface due

Page 9 of 10

to the rubber structure and spiral shape, thus preserve
the surface texture (Tables 4 and 5) [3, 10]. Consequently,
a successful composite polishing procedure should pro-
duce a smooth and glossy surface while maintaining the
surface morphology with minimal volumetric material
loss. However, the polishing material should be selected
on a case-by-case basis.

Study limitations

To obtain more realistic results, clinical evaluations on
the restorations should also be made. The surface rough-
ness was investigated by the interaction of the two com-
posites and the two polishing systems using disc-shaped
composite samples without surface structures, whereby
it could be more clinically relevant to work with tooth-
shaped specimens [10]. In the clinic, however, the polish-
ing procedure is a very dynamic task with considerable
fluctuations in the press-on force according to the ana-
tomical form changes of the surface. This study inves-
tigated the disc-shaped specimens with flat surfaces,
like several previous studies, while it may not simulate
the real restoration morphology. The type and shape
of the polishing material might be more influential fac-
tors when polishing the occlusal surface of a posterior
restoration or the labial/lingual surface curvatures of
an anterior restoration [19]. Since the press-on force is
highly dependent on the surface geometry of a restora-
tion, it should be considered for further studies for more
realistic outcomes. Both the glossmeter and contact pro-
filometer results were selected area-dependent, and the
non-uniform surfaces, because of the polishing proce-
dure, might have affected the glossmeter outcomes. Dif-
ferent types of resin-based composites may influence the
outcomes of the study. In addition, the amount of resin
composite removed from the surface during the polish-
ing procedure was not evaluated. Clinicians’ experiences
with magnification and higher magnification rates should
also be evaluated in future studies.

Conclusions
Within the limitations of this study, the following conclu-
sions can be drawn:

+ The press-on force affected the surface roughness
and gloss. Higher surface roughness and gloss were
observed when the uncontrolled press-on force was
applied compared to controlled force between 2 and
4 N. Clinicians should consider this carefully when
collecting information from the literature because,
unlike the methodology of several previous research,
the press-on force is generally not constant but
applied uncontrolled free-force in clinical dental
practice.
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« Even though three-step (90s of polishing) SofLex
system may provide a lower surface roughness,
two-step (60s of polishing) Twist Dia could generate
a greater surface gloss regardless of the composite
type. Therefore, polishing with the diamond-
embedded spiral wheels may generate high gloss on
the surfaces, which are even considered relatively
rough.

+ The use of 3.5X loupe magnification was not
considered effective on the surface roughness and
gloss within a limited polishing time (30 s for each
material).

Acknowledgements
Not applicable.

Authors’ contributions

Conception and Design: TU, BK, DTData Acquisition and Analysis: TU and BK
Statistical Analysis: TU, BKData Interpretation and Writing of the Original Draft:
TU, BKManuscript Review and Revisions: BK and DT.

Funding
The authors declared that they have received no financial support.

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

The authors declare no competing interests.

The authors do not have any financial interest in the companies whose
products are included in this article.

Received: 30 May 2025 / Accepted: 22 August 2025
Published online: 10 October 2025

References

1. Korkut B, Ozcan M. Longevity of direct resin composite restorations in
maxillary anterior crown fractures: A 4-year clinical evaluation. Oper Dent.
2022,47:138-48.

2. Demarco FF, Collares K, Coelho-de-Souza FH, Correa MB, Cenci MS, Moraes
RR, Opdam NJM. Anterior composite restorations: A systematic review on
long-term survival and reasons for failure. Dent Mater. 2015;31:1214-24.

3. Korkut B, Finishing. Surface Morphology, and Polishing. In: Korkut B, Esthetic
Anterior Composite Restorations, 1st Edition. Quint Pub Deutschland. 2025.
p.305-353. 1SBN: 978-1-78698-139-4. https://www.quintessence-publishing.c
om/gbr/en/product/esthetic-anterior-composite-restorations.

4. Hajdu Al, Dumitrescu R, Balean O, Lalescu DV, Buzatu BL, Bolchis V, Floare L,
Utu D, Jumanca D, Galuscan A. Enhancing esthetics in direct dental resin
composite: investigating surface roughness and color stability. J Func Bioma-
ter. 2024;15:208.

Page 10 of 10

5. Say EC, Yurdaglven H, Yaman BC, Ozer F. Surface roughness and morphology
of resin composites polished with Two-Step Polishing systems. Dent Mater.
2014;33:332-42.

6. Korkut B. Evaluation of the effect of Polishing systems on the discoloration of
microhybrid and nanohybrid resin composites. Turkiye Klinikleri J Dent Sci.
2021;27:451-61.

7. Vinagre A, Barros C, Gongalves J, Messias A, Oliveira F, Ramos J. Surface
roughness evaluation of resin composites after finishing and Polishing using
3D-Profilometry. Int J Dent. 2023;2023:4078788.

8. Turkun LS, Ergucu Z. Surface roughness of novel resin composites polished
with One-Step systems. Oper Dent. 2007,32:185-92.

9. Chen MH. Update on dental nanocomposites. J Dent Res. 2010,89:549-60.

10.  Korkut B, Unal T. The assessment of the abrasiveness for resin composite
finishing & Polishing systems. Clin Exper Health Sci. 2021;11:529-35.

11. Jaramillo-Cartagena R, Lépez-Galeano EJ, Latorre-Correa F, Agudelo-Suérez
AA. Effect of Polishing systems on the surface roughness of nano-hybrid and
nano-filling composite resins: A systematic review. Dent J. 2021;9:95.

12. Heintze SD, Reinhardt M, Miller F, Peschke A. Press-on force during Polishing
of resin composite restorations. Dent Mater. 2019;35:937-44.

13. Yu P LuoH,Yap AU, Tian FC, Wang XY. Effects of Polishing press-on force
on surface roughness and gloss of CAD-CAM composites. J Oral Sci.
2023,65(2):131-5.

14. Krejcil, Lutz F, Boretti R. Resin composite polishing-filling the gaps. Quint Int.
1999;30:490.

15. Bud M, Jitaru S, Lucaciu O, Korkut B, Dumitrascu-Timis L, lonescu C, Cimpean
S, Delean A. The advantages of the dental operative microscope in restorative
dentistry. Med Pharm Rep. 2021,94.22.

16. Bud M, Zlavog M, Jitaru S, Korkut B, Spataru S, Delean A. The outcome of
direct composite restorations using the dental operating microscope. Med
Pharm Rep. 2021,94:477.

17.  Tibbetts LS, Shanelec D. Periodontal microsurgery. Dent Clin North Am.
1998;42:339-59.

18. Faul F, Erdfelder E, Lang AG, Buchner A. G* power 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical sciences.
Behav Res Metod. 2007;39:175-91.

19, Korkut B, Alkan E, Ozttirk EK, Ttrkmen C, Tagtekin D. Questioning the effec-
tiveness of composite Polishing systems by crosschecking profilometer and
dental microscope outcomes. Sci Rep. 2025;15(1):21118.

20. Meseli S, Alkan E, Korkut B, Kanar O, Tagtekin D. Abrasiveness and bleaching
level of toothpastes on composite resins: A quantitative analysis using a
novel brushing simulator. Appl Sci. 2025;15:2314.

21, Korkut B, Haciali C. Color stability of flowable composites in different viscosi-
ties. Clin Exper Health Sci. 2020;10:454-61.

22. KitasakoY, Sadr A, Burrow MF, Tagami J. Thirty-six month clinical evaluation of
a highly filled flowable composite for direct posterior restorations. Austr Dent
1.2016;61:366-73.

23.  AlShaafi MM. Factors affecting polymerization of resin — based composites: A
literature review. Saudi Dent J. 2017;29:48-58.

24.  Dietschi D, Campanile G, Holz J, Meyer JM. Comparison of the color
stability of ten new-generation composites: an in vitro study. Dent Mater.
1994;10:353-62.

25.  Abiodun-Solanke I, Ajayi D, Arigbede A. Nanotechnology an its application in
dentistry. Ann Med Health Sci Res. 2014;4:171-7.

26.  Ceci M, Viola M, Rattalino D, Beltrami R, Colombo M, Poggio C. Discoloration
of different esthetic restorative materials: A spectrophotometric evaluation.
Eur J Dent. 2017;11:149-56.

27.  Fruits TJ, Miranda FJ, Coury TL. Effects of equivalent abrasive grit sizes utiliz-
ing differing Polishing motions on selected restorative materials. Quint Int.
1996;27:279-85.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.quintessence-publishing.com/gbr/en/product/esthetic-anterior-composite-restorations
https://www.quintessence-publishing.com/gbr/en/product/esthetic-anterior-composite-restorations

	﻿Effect of magnification and press-on force on resin composite polishing
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Results
	﻿Discussion
	﻿The impact of press-on force
	﻿The relation between gloss and roughness
	﻿The impact of magnification
	﻿Comparison between the polishing systems

	﻿Study limitations
	﻿Conclusions
	﻿References


