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AbstrAct
Objective: To investigate the effect of a prophylaxis paste on surface roughness of different com-

posites, enamel, dentin and porcelain surfaces. 
Methods: Three different composites (FiltekZ250/Group1, Filtek Supreme XT/Group2, Premise/

Group3), enamel/Group4, dentin/Group5 and porcelain/Group6 samples were used in this study. All 
specimens were prepared flat by SiC discs and polished with a diamond polishing paste. The sur-
face roughness measurements were determined with a profilometer after polishing (initial surface 
roughness). Prophylaxis paste was applied to the samples for 12 seconds, renewing every 6 seconds. 
After cleaning the samples, roughness values were measured again. Data were analyzed by Kruskal 
Wallis and Dunn’s multiple comparison test. Wilcoxon test was performed for the comparison of 
the initial and final surface roughness values (P<.05). The results were evaluated within the P<.05 
confidence level.

Results: The initial and final surface roughness values (µm) were determined as follows: Group1: 
0.039±0.009 and 0.157±0.018, Group2: 0.023±0.005 and 0.145±0.027, Group3: 0.028±0.008 and 
0.109±0.012, Group4: 0.024±0.006 and 0.071±0.015, Group5: 0.030±0.007 and 0.143±0.029, Group6: 
0.024±0.006 and 0.064±0.014. Significant difference was determined between the initial and final 
values for all groups. 

Conclusions: Composite and dentin surfaces were more affected by the application of prophylaxis 
paste than enamel and porcelain surfaces. The prophylaxis paste increased the surface roughness of 
all groups, but did not reach the bacterial retention roughness rate of 0.2µm. (Eur J Dent 2012;6:1-8) 
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   Influence of a prophylaxis paste on surface roughness

Surface roughness is one of the most fre-
quently used test methods to evaluate the effects 
of the prophylactic pastes both on dental hard tis-
sues and restorative materials.3,11,12,13,14 Several re-
searches have focused on the surface roughness 
effect of the pastes on restorative materials or 
dental hard tissues separately.3,12,14,15,16 The pur-
pose of this study was to investigate the effect of a 
prophylaxis paste on surface roughness of differ-
ent type of resin composites, enamel, dentin and 
porcelain surfaces. 

MAtErIALs AND MEtHODs  
Three light-cured resin composites, enamel, 

dentin and porcelain were used in the present 
study. The materials used in this study are exhib-
ited in Table 1. 

Specimen Preparation
Resin composite discs for Group 1, 2 and 3 were 

prepared (6 mm in diameter and 2 mm in thick-
ness) in an acrylic mould and covered by a Mylar 
matrix strip. A glass slide of 1 mm thickness was 
placed over the strip before curing with a LED light 
curing unit (Elipar FreeLight 2, 3MESPE, St. Paul 
MN, USA) for 40 seconds per specimen. The inten-
sity of the light source was 850 mW/cm2. 

The enamel (Group 4) and dentin (Group 5) 
specimens were obtained from the coronal part 
of the central incisors embedded parallel to the 
acrylic mould surface. The enamel group was 
prepared to a 4x4 mm polished flat surface area. 
The teeth in the dentin group were abraded until 
a 6x6 mm diamater dentin surface was obtained. 
In Group 6, porcelains (IPS-Empress II) were em-
bedded into acrylic blocks with a diameter of 8 
mm and a thickness of 2 mm. Groups 4, 5 and 6 
were polished with SiC discs (2500 grit) and dia-
mond polishing paste (1 µm). To reduce variability, 
all specimen preparations were performed by the 
same operator. The specimens were stored in de-
ionized water for 24 hours.

Surface Roughness Evaluation
Surface roughness test was performed with a 

contact type profilometer (Perthometer M1 Mahr, 
Göttingen, Germany). Three measurements were 
taken at the center of each specimen in different 
directions. The cut-off value of surface rough-
ness was 0.25 mm. The sampling length for each 

A professional oral care provision includes the 
removal of plaque, calculus and staining. This pro-
cedure is repeated during every 3 or 6 month re-
calls. The finishing procedure may be an important 
factor on the long term oral hygiene performance 
and may be enhanced with the utilization of oral 
hygiene products such as prophylactic pastes. 
Dental practitioners prefer to apply a prophylaxis 
paste to polish the enamel surfaces after remov-
ing the calculus or to remove staining. During this 
procedure, teeth with an erosion, abrasion, ab-
fraction lesion or restorations can also be polished 
inadvertently. Therefore, prophylactic pastes can 
affect the surface roughness of enamel, exposed 
dentin, cementum and restorative materials such 
as amalgam, composite, glass ionomer, resin-
modified glass-ionomer, compomer or porcelain. 

An ideal prophylactic paste should combine 
good cleaning ability with simultaneous polishing 
(morphological smoothing of dentin and enam-
el surfaces). In addition, the agent should cause 
minimal abrasion and surface roughness of dental 
hard tissues.1,2

The first influencing factor on surface rough-
ness during cleaning procedures may be related to 
the composition, application force and application 
time of the prophylaxis paste. The second factor 
may be related to the dental hard tissue’s and res-
toration’s structure or composition, which is influ-
enced by the inorganic and organic content of the 
hard tissues and the restorative material. 

The content of prophylactic pastes are similar 
to dentifrices. Commercially available prophy-
laxis pastes are typically composed of a mixture 
of binder, humectant (to retain moisture and sta-
bilizes the preparation), coloring agent, preserva-
tives, fluoride, flavoring and a range of abrasive 
grades from coarse to fine.3 The abrasives are of 
various particle sizes and are categorized as fine 
(1-45 µm), medium (74-105 µm) or coarse-grade 
(74-177 µm) prophylaxis pastes.3 These abrasives 
can increase the roughness of the dental hard tis-
sues as well as the restoration surfaces,4,5,6 but are 
necessary for effective plaque and stain removal. 
Improper hygiene techniques can reduce the func-
tional and the esthetic life of composite restora-
tions;7,8 and can cause gingival irritation and re-
current caries.9,10 
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Figure 1a. Scanning electron micrograph of Filtek Z250. Figure 1b. Scanning electron micrograph of Filtek Z250 detartrine group.

measurement was 0.75 mm. The avarage surface 
roughness (Ra) values of each material were ob-
tained.

After measuring the initial average surface 
roughness values, a prophylaxis paste (Septodont-
Detartrine, France) was applied for 12 seconds, 
renewing every 6 seconds.14 The second surface 
roughness (final surface roughness) values were 
obtained after cleaning the sample surfaces with 
an air-water spray. 

Statistical Analysis
Kruskal Wallis and Dunn’s multiple comparison 

test were used to compare the mean differences 
between materials for each group (Difference = fi-
nal – initial value). Wilcoxon test was performed 
for the comparison of the initial and final surface 
roughness values. The results were evaluated 
within the P<.05 confidence level.

Scanning Electron Microscope Evaluation 
Two representative specimens (treated with 

the prophylaxis paste and non-treated) of each 
group were prepared for the scanning electron 
microscope (SEM) (JEOL JSM 5200, Tokyo, Ja-
pan). Specimens were sputter coated with gold 
to a thickness of approximately 200Ǻ in a vacuum 
evaporator. SEM images of representative areas of 
the surfaces were taken at x500 magnifications. 

rEsuLts
The initial and final mean surface roughness 

values are exhibited in Table 2. Figures 1a, 2a, 3a, 
4a, 5a and 6a show the initial surface appearances 
of different materials, while figures 1b, 2b, 3b, 4b, 
5b and 6b present the final surfaces of the speci-
mens for each group.

Figure 1a exhibites the SEM image before the 
application of the prophylaxis paste to the hy-
brid composite, Filtek Z250. The structure of the 
resin composite is homogeneous in terms of in-
organic filler and organic matrix [60% (v/v), 66% 
(w/w), 0.01-3.5 µm (average particle size)]. After 
the treatment of Filtek Z250 with the prophylaxis 
paste, the inorganic part of the composite resin 
was more detectable (Figure 1b).

Figure 2a presents the image of a nanofilled 
composite (Filtek Supreme XT) composed of small 
(nanofiller) and few large particles. The large par-
ticles could not be observed after the treatment 
[59.5% (v/v), 78.5% (w/w), 0.6-1.4 µm (average par-
ticle size)] (Figure 2b).

Figure 3a shows the SEM image before the ap-
plication of the prophylaxis paste to the nanofilled 
composite Premise. This resin composite includes 
mixed inorganic particles (small and large) of 
71.2% (v/v), 84% (w/w), and 0.4 µm (average par-
ticle size). Figure 3b exhibites fine and irregular 
scratches on the composite surface after the treat-
ment. Inorganic particles could not be observed.

Figure 4a exhibites a smooth enamel surface 
before the application of the prophylaxis paste, 
while fine irregularities were detected after the 
treatment (Figure 4b). 

Figure 5a presents the opened dentin tubular 
orifices before the application of the prophylaxis 
paste to the dentin surface. These tubuli disap-
peared after the application of the prophylaxis 
paste (Figure 5b). Coarse regular scratches on the 
dentin surface were observed. 

Figure 6b shows that the application of the pro-
phylaxis paste to the porcelain does not change 
the surface dramatically compared with the initial 
appearance of the porcelain material (Figure 6a).

Yurdaguven, Aykor, Ozel, Sabuncu, Soyman    
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Wilcoxon test showed that statistically signifi-
cant differences exist between the initial and final 
surface roughness values for all groups (P<.05). 
Kruskal Wallis and Dunn’s multiple test were used 
to compare the differences (difference = final – ini-
tial value) for each group (Table 3).  

DIscussION
The oral cavity is constantly contaminated by 

many diverse microbial species. Most of these 
microorganisms, especially those which are re-
sponsible for caries (e.g., Streptococcus mutans and 
Lactobacillus spp.) and periodontitis (e.g., Actino-
bacillus actinomycetemcomitans and Porphyromonas 
gingivalis), can only survive in the mouth when they 
adhere to rough surfaces. The surface free energy 
can also play a role in bacterial adhesion and re-
tention; however, studies suggested that the influ-
ence of the surface roughness overrules the influ-
ence of the surface free energy.17,18 The roughness 
of intraoral hard tissues and restorative materials 
can influence plaque retention and discoloration.

This study evaluated the effects of a prophy-
laxis paste on surface roughness of three different 
composites, porcelain, enamel and dentin. Detar-
trine (Septodont, France) was used as a prophy-
laxis paste to polish the surfaces. 

The surface roughness differences could be 
determined, when the surfaces are polished well. 
Therefore, the initial surface roughness of restor-
ative materials is very important and should be 
close to the surface roughness of mylar strip.19 In 
the present study, all samples were polished with 
600, 1200, 2500 grid SiC and 1 µm pumice to ob-
tain standart initial test materials. Initial Ra val-
ues were in range of 0.023±0.005 µm - 0.039±0.009 
µm. This data simulated the finishing under mylar 
strip.19  

Surface roughness data (initial value) can be 
similar for different materials, but the type or char-
acteristics of surface roughness (final value) can 
change. This may cause different colour change, 
marginal discoloration and bacterial retention to 
the surface. In addition, different abrasive wear of 

Figure 2a. Scanning electron micrograph of Filtek Supreme XT.

Figure 3a. Scanning electron micrograph of Premise.

Figure 2b. Scanning electron micrograph of Filtek Supreme XT detartrine group.

Figure 3b. Scanning electron micrograph of Premise detartrine group.
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the resin composite can also be observed.20 The 
obtained surface roughness data and the charac-
teristics of the roughened surface in our study will 
be discussed in terms of the composition or struc-
ture of the material. 

Filtek Z250 and Filtek Supreme XT did not show 
any statistical differences between the Ra (d) (dif-
ference of initial and final surface roughness), 
which might be caused by the same organic con-
tent of the two resin systems. The organic matrix 
used in Filtek Z250 is currently being used in Filtek 
Supreme XT Universal Restorative. The major-
ity of TEGDMA has been replaced with a blend of 

UDMA (urethane dimethacrylate) and Bis-GMA (6) 
(Bisphenol A polyetheylene glycol diether dimeth-
acrylate) to reduce the polymerization shrinkage. 
Filtek Z250 showed that the inorganic part is more 
detectable after applying polishing paste for 12 
seconds (Figure 1b). This can be interpreted as an 
abrasion of the organic matrix of the resin com-
posite, which caused the projection of the inorgan-
ic fillers. Organic matrix of the composites is pref-
erentially removed as the abrasives in prophylaxis 
pastes could be harder than the resin matrix and 
could even be similar in hardness to the fillers.21,22 

Three-body wear (appling prophylaxis paste with 

Figure 5a. Scanning electron micrograph of dentin.

Figure 4a. Scanning electron micrograph of enamel.

Figure 5b. Scanning electron micrograph of dentin detartrine group.

Figure 4b. Scanning electron micrograph of enamel detartrine group.

Groups n Material Manufacturer

Group 1 10 Filtek Z250 3MESPE, St. Paul MN, USA

Group 2 10 Filtek Supreme XT 3MESPE, St. Paul MN, USA

Group 3 10 Premise Kerr Corporation, Orange, CA, USA

Group 4 20 Enamel -

Group 5 20 Dentin -

Group 6 10 Porcelain Ivoclar-Vivadent, Schaan, Liechtenstein

Table 1. Materials used in this study.

Yurdaguven, Aykor, Ozel, Sabuncu, Soyman    



European Journal of Dentistry
6

a rotary instrument) involves the process of resin 
matrix loss between filler particles and subse-
quent dislodgement of the filler.23 Therefore, when 
the organic matrix is selectively removed, filler 
particles may be exposed and lead to a rough sur-
face.21 Filtek Z250 is a hybrid composite resin with 
a particle size of 0.6 mm. 

Filtek Supreme XT presented a similar sur-
face roughness to Filtek Z250, however, this res-

in showed parallel and coarse scratches on the 
composite surface after the treatment procedure 
(Figure 2b). The scratches can be observed due to 
the abrasion of the organic matrix and perhaps the 
removal of the inorganic particles. Filtek Supreme 
XT is a nanofilled hybrid composite and consists of 
different inorganic particles, which can be affected 
differently from the prophylaxis paste. Nanotech-
nology is used for products where critical com-

Figure 6a. Scanning electron micrograph of Empress II. Figure 6b. Scanning electron micrograph of Empress II detartrine group.

Groups
Mean ± SD

(initial measurement)
Mean ± SD

(final measurement)

Group 1: Filtek Z250 0.039 ± 0.009 0.157 ± 0.018

Group 2: Filtek Supreme XT 0.023 ± 0.005 0.145 ± 0.027

Group 3: Premise 0.028 ± 0.008 0.109 ± 0.012

Group 4: Enamel 0.024 ± 0.006 0.071 ± 0.015

Group 5: Dentin 0.030 ± 0.007 0.143 ± 0.029

Group 6: Porcelain 0.024 ± 0.006 0.064 ± 0.014

Table 2. The mean values and standart deviations.

Table 3. Kruskal Wallis and Dunn’s multiple comparison test evaluation.

Dunn’s multiple comparison test Differences

  Filtek Z250 / Filtek Supreme XT P>.05

  Filtek Z250 / Premise P<.05

  Filtek Z250 / Enamel P<.001

  Filtek Z250 / Dentin P>.05

  Filtek Z250 / Porcelaine P<.01

  Filtek Supreme XT / Premise P<.05

  Filtek Supreme XT / Enamel P<.001

  Filtek Supreme XT / Dentin P>.05

  Filtek Supreme XT / Porcelaine P<.001

  Premise / Enamel P<.05

  Premise / Dentin P<.05

  Premise / Porcelaine P<.05

  Enamel / Dentin P<.001

  Enamel / Porcelaine P>.05

  Dentin / Porcelaine P<.01

   Influence of a prophylaxis paste on surface roughness
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ponent dimensions are in the range of 0.1 to 100 
nanomers. It is claimed that the polish retention of 
3MESPE Filtek Supreme XT Universal Restorative 
is similar to traditional microfilled type products.24 

The surface roughness of Premise was statis-
tically lower than the surface roughness of Filtek 
Z250 and Filtek Supreme XT. The resin composite 
Premise showed fine and irregular scratches on 
the composite surface after the treatment (Fig-
ure 3b). Inorganic particles could not be observed. 
Premise resin composite contains 3 fillers, which 
are 0.02 µm nanofiller, 0.04 µm barium glass filler 
and pre-polymerized filler (PPF). This system is 
named Trimodal nano-filler technology. Premise 
exhibited a low roughness value after applying the 
prophylactic paste and showed better results than 
the other composites, which may be a result of this 
new trimodal system. Premise may be the choice 
for bacterial retentive areas especially for the res-
toration of Class II and V carious lesions due to 
the smoother resin surface. Our results support 
the claim of the manufacturer, that Premise is de-
signed to offer high polishability.  

Effect of hygiene procedures on enamel and 
dentin has been well investigated.1,12 The enamel 
group in our study showed fine irregularities after 
the treatment (Figure 4b). This can be due to the 
homogeneous structure of enamel, 98% of which 
is inorganic structure. The inorganic particle 
weight of the composites in comparison to enamel 
is maximum 83% which may be an explanation for 
the more affected composite surfaces (Group 1, 2 
and 3).

Bollen et al25 reported that different prophylac-
tic pastes have different effects on surface rough-
ness. Lutz et al1 polished the enamel surfaces wıth 
pumice, which cause an increase on roughness 
(initial Ra value=0.030 µm, final Ra value=0.160 
µm). In the present study, Detartrin applied 
enamel samples’ Ra values were changed from 
0.024±0.014 µm to 0.071±0.020 µm. According to 
our results, Detartrin should be preferred against 
pumice during the stain removing procedures. 

Dentin samples showed coarse regular 
scratches on the dentin surface after the treat-
ment (Figure 5b). Orifices of the dentinal tubuli 
disappeared after the polishing procedure and a 
smear layer was produced. Long-term negative 
implications of this type of damage are unknown.12 

Researches showed that extremely small amounts 

of tooth structure are removed as a result of pol-
ishing.12,21 On the positive side, polishing removes 
contaminated surface of dentin along with plaque 
and other debris, and increases the surface area. 
However, the scratching leaves loose dentin on 
the root surface and pumice particles embedded 
in the dentin. Both of these factors may interfere 
with chemical adhesion of the restorative materi-
als. Further investigation is needed to clarify the 
role of fluor of the pumice polishing before place-
ment of adhesives.12 

Figure 6b presented a regular surface after the 
treatment. So far, no research has been under-
taken which evaluates the surface roughness of 
porcelain following cleaning procedures.

Composite restorations may require re-pol-
ishing after exposure to some hygiene mainte-
nance procedures.14 Composite surface finishing 
procedures were evaluated by other authors.19,26,27 

Roulet and Roulet-Mehrens21 recommended pol-
ishing conventional composites afterwards with 
aluminium silicate coated discs. Another area of 
investigation may be the evaluation of the effects 
of prophylaxis pastes on the roughened surfaces. 
The paste may probably have a possitive effect on 
the roughened surfaces.

The present study shows that the effect of pro-
phylaxis pastes on surface roughness was mate-
rial dependent. Filtek Z250, Filtek Supreme XT 
composites and dentin surfaces were more af-
fected than the other surfaces after prophylaxis 
paste application. Premise exhibited a lower Ra 
value than the other two composites while higher 
than enamel and porcelain. Porcelain and enamel 
exhibited the lowest roughness differences after 
the application of the prophylaxis paste. Bacterial 
retention roughness rate has been reported as 200 
µm.25 The results showed that, in case of adequate 
surface preparation and finishing, the Ra values do 
not reach the bacterial retention rate of 200 µm for 
all groups. 

cONcLusIONs
Within the limitations of this in-vitro study, it 

may be concluded that:
1-) Porcelain and enamel exhibited the lowest 

roughness differences after the application of the 
prophylaxis paste.

2-) Premise exhibited a low roughness value 
after applying the prophylactic paste and showed 
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lower surface roughness differences than the oth-
er composites.

 3-) Polishing paste application did not reach 
the bacterial retention rate of 0.2 µm for all test 
materials. Therefore, this prophylaxis paste is ac-
ceptable for clinical applications.   
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