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of resin composites with different compositions 
 
PATRICK NABHOLZ, DDS,  JEFFERY SCOTT NORDIN, DDS, MS,  BRIAN R. MORROW, MS 
&  FRANKLIN GARCIA-GODOY, DDS, MS, PHD, PHD 
 

ABSTRACT: Purpose: To evaluate the changes in color, translucency, roughness, and depth loss of various composites 
with different formulations (Filtek One Bulk Fill, Admira Fusion X-tra Bulk-fill, and XRV Herculite) after toothbrushing 
using dentifrices containing charcoal and charcoal-free. Methods: 32 resin composite discs (8.0 x 1.5 mm) were prepared 
for each Filtek One Bulk Fill, Admira Fusion X-tra Bulk-fill, and XRV Herculite. Discs were evaluated with a 
spectrophotometer for color and roughness measurements before and after treatments. Sample treatment included 
toothbrushing on a V-8 toothbrushing machine for 10,000× to simulate daily oral care with four different dentifrices 
(Colgate Total SF, Crest Pro-Health Complete Protection Intensive Cleaning+Whitening, Colgate Total Whitening 
Charcoal, and Crest Charcoal 3D White). After toothbrushing, color ( 00), roughness (Ra and Rz), depth loss (DL), and 
translucency (TP00, and TP00) were remeasured and deduced from initial measurement for the standard difference in 
each respective parameter. Data were calculated and statistically analyzed independently using a two-way repeated 
measures ANOVA and Holm-Sidak post-hoc test with P< 0.05 significance. Results: Admira and Filtek, when brushed 
with Colgate Total SF resulted in less roughness and DL when compared to both charcoal dentifrices. Admira was found 
slightly rougher than Herculite and Filtek with Crest Pro-Health and similar to both charcoal groups. However, Admira 
with Crest Pro-Health was similar to Herculite and Filtek but significantly different from both charcoal groups. All 
dentifrices had a significant staining effect on all composites relative to the baseline color. Admira and Filtek composites 
were above the clinical acceptance threshold (AT) of 1.8 for 00, with Herculite only surpassing the limit with Crest 
Charcoal. Lastly, Herculite with all dentifrices was below the clinical perceptibility threshold (PT) for translucency 
difference. Both Admira and Filtek were above the TP00 PT but less than the AT for all dentifrices except Colgate 
Charcoal. (Am J Dent 2025:38 Sp Is A:20A-25A).   
CLINICAL SIGNIFICANCE: Charcoal dentifrices changed the color of Admira samples. Colgate charcoal resulted in a 
significantly different color change versus using Colgate Total and Crest Pro-Health. All three resins resulted in 
statistically significant color change when using all non-charcoal-containing dentifrices. 
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Introduction 
 
 Resin composite color changes over time due to being 
exposed to the oral environment.1 These color changes are 
influenced by factors such as surface roughness, exposure time 
to the staining agents, plaque, and the type of resin used.2-4 The 
color change is many times the reason for the replacement of 
resin composites.5   
 An additional factor that may influence the surface 
roughness and staining removal of resin composites is tooth-
brushing with dentifrices.1,6-8   
 The effect of dentifrices with charcoal on composite 
roughness and color has been reported with different results; 
one reported9 that the charcoal dentifrice tested had no 
whitening effect and no significant effect on tooth surface 
roughness; another study10 showed that most of the charcoal 
toothpastes tested caused marginal staining of the resin 
composite restorations; and a recent systematic review11 of 
clinical studies showed that charcoal activated dentifrices 
possess a lower whitening effect than other alternatives and are 
less safe due to their high abrasive potential. 1   
 This study evaluated the changes in color, translucency, 
roughness, and depth loss of resin composites with different 
formulations after toothbrushing simulation using various 
dentifrices:  charcoal-containing versus charcoal-free. The re- 

search hypotheses were: (1) there was no difference in color or 
roughness between all tested materials before and after the 
brushing with different dentifrices; (2) there was no difference 
in color or roughness of each material when brushed with 
charcoal containing versus charcoal free dentifrice from the 
same brand. 
 

Materials and Methods 
 
 Thirty-two resin composite discs (10 × 1.5 mm) were 
fabricated in stainless steel ring molds for each of the three 
composite groups: Filtek One Bulk Fill,a Admira Fusion X-tra 
Bulk-fill,b and XRV Herculite,c for a total of 96 sample discs, 
Discs were evaluated for color with a spectrophotometer (CM-
700dd) and stylus profilometer (Dektak XT Stylus Profilere) for 
roughness measurements before and after toothbrushing 
treatments. Samples were randomized to the following 
dentifrice groups: Crest Pro-Health Complete Protection 
Intensive Cleaning+Whitening,f Colgate Total SF,g Crest 
Charcoal 3D White,f and Colgate Total Whitening Charcoalg 
with N=8 per dentifrice. Discs were evaluated for color and 
roughness, with a color spectrophotometer and a stylus 
profilometer; respectively, before and after toothbrushing 
treatments. 
 The toothbrushing was achieved using a V8 toothbrushing 
machineh  and   standard   brushes   (ADA  medium  standard  
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Table 1. Roughness results for arithmetical mean height (Ra) and difference in Ra (D-Ra) means and standard deviations. 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

Material Paste Baseline Ra Toothbrushing Ra D-Ra (Toothbrushing – Baseline) 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

Admira Crest Pro-Health 0.06 ± 0.031 0.98 ± 0.21 a, b, c, d, e, f, g, h 0.92 ± 0.20 , ,  
 Colgate Total SF 0.07 ± 0.02 0.66 ± 0.23 a, i, j 0.58 ± 0.22 , ,   
 Crest Charcoal 0.05 ± 0.03 1.01 ± 0.33 i, k, l, m, n, o, p, q 0.96 ± 0.34  
 Colgate Charcoal 0.06 ± 0.03 1.24 ± 0.15 b, j, r, s, t, u, v, w, x, y 1.18 ± 0.15 , ,    
Filtek Crest Pro-Health 0.07 ± 0.01 0.75 ± 0.22 k, r  0.68 ± 0.23  
 Colgate Total SF 0.06 ± 0.01 0.60 ± 0.11 c, l, s, z 0.55 ± 0.11 
 Crest Charcoal 0.07 ± 0.02 0.73 ± 0.12 d, m, t 0.66 ± 0.13 
 Colgate Charcoal 0.06 ± 0.02 0.63 ± 0.17 e, n, u 0.57 ± 0.17    
Herculite Crest Pro-Health 0.06 ± 0.02 0.68 ± 0.25 f, o, v 0.62 ± 0.25  
 Colgate Total SF 0.05 ± 0.02 0.70 ± 0.07 g, p, w 0.65 ± 0.07 
 Crest Charcoal 0.05 ± 0.02 0.87 ± 0.32 x, z 0.82 ± 0.31 
 Colgate Charcoal 0.04 ± 0.01 0.65 ± 0.17 h, q, y 0.60 ± 0.17  
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

For Ra measurements within rows, all baseline versus toothbrushing values were statistically significantly different (P< 0.05) between time points for material 
paste groups. For Ra measurements within toothbrushing, the same lower-case superscript letters indicate a statistically significant difference (P< 0.05) between 
restorative materials for the respective paste. 
For D-Ra measurements, the same lower-case Greek superscript letters indicate a statistically significant difference (P< 0.05) between dentifrices within each resin 
material group. For D-Ra measurements, the same capital Greek superscript letters indicate a statistically significant difference (P< 0.05) between resin materials 
within each dentifrices group. 
 
Table 2. Roughness results for maximum peak to valley height (Rz) and difference in Rz (D-Rz) means and standard deviations. 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

Material Paste Baseline Rz Toothbrushing Rz D-Rz (Toothbrushing – Baseline) 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

Admira Crest Pro-Health 0.41 ± 0.21 4.986 ± 1.16 4.58 ± 1.25 X 
 Colgate Total SF 0.51 ± 0.21 3.641 ± 1.30 u 3.13 ± 1.26 x, y 
 Crest Charcoal 0.38 ± 0.26 5.845 ± 2.53 5.46 ± 2.58 x 
 Colgate Charcoal 0.38 ± 0.24 7.305 ± 1.03 u, v, w, x, y, z 6.93 ± 1.08 y, Y, Z   
Filtek Crest Pro-Health 0.45 ± 0.15 4.260 ± 0.85 3.81 ± 0.87 
 Colgate Total SF 0.38 ± 0.15 3.311 ± 0.79 v 2.93 ± 0.87 
 Crest Charcoal 0.48 ± 0.10 4.043 ± 0.79 3.57 ± 0.78 
 Colgate Charcoal 0.43 ± 0.20 3.364 ± 0.85 w 2.94 ± 0.94 Y   
Herculite Crest Pro-Health 0.26 ± 0.13 3.368 ± 0.74 x 3.11 ± 0.79 X 
 Colgate Total SF 0.36 ± 0.16 3.970 ± 0.79 y 3.62 ± 0.77 
 Crest Charcoal 0.24 ± 0.06 5.109 ± 2.20  4.87 ± 2.22 
 Colgate Charcoal 0.25 ± 0.08 3.394 ± 0.65 z 3.15 ± 0.64 Z 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

For Rz measurements within rows, all baseline versus toothbrushing values were statistically significantly different (P< 0.05) between time points for material 
paste groups. For Rz measurements within columns, means with the same lower-case superscript letters indicate a statistically significant difference (P< 0.05) 
between restorative materials for the respective paste. 
For D-Rz measurements the same lower-case superscript letters indicate a statistically significant difference (P< 0.05) between dentifrices within each resin material 
group. For D-Rz measurements the same capital superscript letters indicate a statistically significant difference (P< 0.05) between resin materials within each 
dentifrices group.    
  
brushesi). Samples were brushed a total of 10,000× to simulate 
1 year of toothbrushing,12 as daily oral care with sample 
rotation and dentifrice remixing to ensure uniform brushing 
throughout. ach dentifrice was mixed thoroughly at five parts 
dentifrice to eight parts deionized water for toothbrushing 
purposes.13     
Roughness measurements - Surface roughness measurements 
were obtained using a stylus profilometer (Dektak XT Stylus 
Profiler) with the aid of Mountainsj software. Surface 
roughness was measured both before (baseline) and after 
toothbrushing with the mechanical toothbrushing simulation 
using a stylus profilometer (DektakXT). The measurement area 
was 5 mm in length x 4 mm in width, with enough area for the 
brushed and unbrushed area on the sample. ach measurement 
was evaluated with the Mountains software, using ISO 4287 
measurements for calculating Ra (arithmetic average height 
parameter) and Rz (maximum peak to valley height). Ra 
represents the average absolute deviation of the roughness from 
the mean line. While Rz represents the total maximum height 
from the deepest point to the highest peak. In addition, the 
differential of the Ra and Rz (D-Ra and D-Rz) was calculated 

by subtracting the final toothbrushing value minus the initial 
baseline measurements.8,14-17    
 Depth loss (DL) data were determined by calculating height 
change from the masked shoulder of the sample after 
toothbrushing abrasion test by subtracting the unbrushed height 
from the brushed depth over the measurement area.8    
Color measurements - Color measurements were obtained 
using a color spectrophotometer (CM-700d) following the CI  
L*a*b* colorimetric system. Three automatic measurements 
were performed for each sample, and averaged into values for 
L  (lightness), C  (chroma), and H  (hue) were used for the 
assessment. Color change or difference was expressed in terms 
of D 2000 ( 00) according to the CI  D 2000 equation:   =  + + +  
 
where L , C  and h  are the differences among the 
corresponding lightness, chroma, and hue components of color 
formula along with the combination of parametric and 
weighting coefficients KLSL, KCSC, and KhSh.8,18-23 
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Table 3. Depth Loss (DL) results in a difference in vertical height between the 
unbrushed surface and brushed surface. (Unbrushed-Brushed). 
____________________________________________________________________________________________________ 

 Paste Admira Filtek Herculite 
____________________________________________________________________________________________________ 

Crest Pro-Health 6.97 ± 0.44 a,b,c,A 5.80 ± 0.60 d,A 6.25 ± 1.02 e 
Colgate Total SF 5.07 ± 0.75 a 4.92 ± 0.85 d 5.46 ± 0.82 f 
Crest Charcoal 10.06 ± 2.23 a,b 9.93 ± 1.20 d 10.00 ± 1.82 e,f 
Colgate Charcoal 11.45 ± 2.03 a,c 11.67 ± 0.85 d 11.12 ± 1.45 e,f 
____________________________________________________________________________________________________ 

The same lower-case letters indicate a statistically significant difference 
between dentifrices within each resin material group (vertical). 
The same capital letters indicate a statistically significant difference between 
resin materials within each dentifrices group (horizontal). 
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Table 4. Color difference ( 00) results for a difference in color between the 
baseline unbrushed surface and toothbrushed surface. 
____________________________________________________________________________________________________ 

 Paste Admira Filtek Herculite 
____________________________________________________________________________________________________ 

Crest Pro-Health 3.62 ± 0.49 F 2.81 ± 1.03 G 0.91 ± 0.13 h,F,G 
Colgate Total SF 4.79 ± 1.47 f,g,H,I 3.21 ± 1.36 H,J 1.75 ± 0.77 I,J 
Crest Charcoal 3.04 ± 1.07 f 3.52 ± 1.51 2.72 ± 1.42 h 
Colgate Charcoal 2.35 ± 1.42 g 2.49 ± 1.24 1.39 ± 0.67 
____________________________________________________________________________________________________ 

The same lower-case letters indicate a statistically significant difference 
between dentifrices within each resin material group (vertical). 
The same capital letters indicate a statistically significant difference between 
resin materials within each dentifrices group (horizontal). 

Fig. 1. Surface roughness 3D images from Mountains software demonstrating both roughness and depth loss results for Admira brushed with Colgate Charcoal. 

 Color difference results were compared to previous study 
data for CI  D 2000 50:50 limits as follows: 00 = 0.8 for the 
perceptibility threshold (PT) and 00 = 1.8 for the acceptability 
threshold (AT) as used in dental applications.23-25 

Translucency measurements - Translucency measurements 
were obtained using the translucency parameter (TP00) using 
the difference in color measurements made with white minus 
the black background tiles. Translucency was conveyed in 
terms of TP00 according to the adaptation of the CI  D 2000 
equation as follows:  

= ( ) + ( ) + ( ) + ( ) ( )  

 Differences in translucency parameter ( TP00) due to 
toothbrushing were calculated also by subtracting the baseline 
corresponding TP00 from the toothbrushed TP00. The TP00 
values were compared to prior study data for TP00 50:50 limits 
as follows: TP00 = 0.6 for the PT and TP00 = 2.6 for the 
AT.23,26  
 Data were statistically analyzed (SigmaPlotk) independently 
for each measurement (Ra, Rz, D-Ra, D-Rz, and TP00) using a 
two-way repeated measures ANOVA and Holm-Sidak post-
hoc test with P< 0.05 significance. The DL, 00 and TP00
data were statistically analyzed independently using a two-way 

ANOVA and Holm-Sidak post-hoc test with P< 0.05 
significance. 

Results 
 Tables 1 and 2 show the toothbrushing results mean and 
standard deviations for abrasion roughness (Ra and Rz) values 
and difference in roughness (D-Ra and D-Rz) along with 
statistical indications. Vertical height changes due to abrasion 
of the samples are reported in Table 3 for DL. Surface changes 
in color difference ( 00) values are in Table 4 and Fig. 1 which 
represent the potential staining effect of the dentifrices on the 
respective composite. Table 5 displays the TP00 and TP00 for 
toothbrushing means and standard deviations for abrasion 
translucency parameter results.  
 An increase in abrasion roughness (D-Ra, D-Rz, Ra, and 
Rz) is noted and statistically different for all resin materials 
with charcoal dentifrices. Representative roughness profile 
images are shown in Figs. 1-4. Likewise, an increase in DL is 
noticeable and statistically different for all resin materials with 
the charcoal dentifrices at twice the rate of more conventional 
dentifrices. Admira exhibited the most overall abrasion 
roughness and DL in conjunction with the charcoal dentifrices. 
In general, Colgate Total SF represented a normal level 
of dentifrice for this study’s purpose and displayed the least 
amount of abrasion and DL. 
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Table 5. Translucency parameter results in color (TP00) for differences between white and black backgrounds of unbrushed surface and after completing various 
toothbrushing treatments on the corresponding surfaces. Difference in translucency parameter results in color ( TP00) results report baseline unbrushed surfaces 
TP00 differences and tooth brushed surface TP00 means and standard deviations.  
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

Material Paste Baseline TP00 Toothbrushing TP00 TP00 (Toothbrushing - Baseline) 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

Admira Crest Pro-Health 8.18 ± 0.96 6.72 ± 0.84 c -1.46 ± 0.45 p. P 
 Colgate Total SF 8.65 ± 0.27 a 7.46 ± 0.68 -1.19 ± 0.69 q, Q 
 Crest Charcoal 8.48 ± 0.80 b 7.87 ± 0.83 d -0.61 ± 0.92 
 Colgate Charcoal 7.70 ± 1.05 7.89 ± 1.01 e 0.19 ± 1.44 p, q 
Filtek Crest Pro-Health 6.90 ± 1.32 a, b 6.14 ± 0.84 d, e f, g, h, j -0.76 ± 1.09 
 Colgate Total SF 8.04 ± 0.90 6.88 ± 0.95 -1.16 ± 1.26 R 
 Crest Charcoal 8.14 ± 0.90 7.11 ± 0.77 -1.03 ± 0.73 
 Colgate Charcoal 7.54 ± 0.63 7.52 ± 0.94  -0.03 ± 0.74 
Herculite Crest Pro-Health 7.87 ± 0.49 8.18 ± 0.29 c, f 0.30 ± 0.30 P 
 Colgate Total SF 7.63 ± 0.80 7.70 ± 0.80 g 0.07 ± 0.94 Q, R 
 Crest Charcoal 7.46 ± 0.84 7.13 ± 0.59 h -0.34 ± 0.98 
 Colgate Charcoal 7.84 ± 0.91 7.74 ± 0.91 j -0.09 ± 1.37 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

For TP00 measurements within rows, all baseline versus toothbrushing values were statistically significantly different (P< 0.05) between time points for material 
paste groups. For TP00 measurements within columns, means with the same lower-case superscript letters indicate a statistically significant difference (P< 0.05) 
between restorative materials for the respective paste. 
For TP00 measurements the same lower-case superscript letters indicate a statistically significant difference (P< 0.05) between dentifrices within each resin 
material group. For TP00 measurements the same capital superscript letters indicate a statistically significant difference (P< 0.05) between resin materials within 
each dentifrice group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Surface roughness 3D images from Mountains software demonstrating both roughness and depth loss results for Herculite brushed with Crest Pro-Health. 
  
 All combinations of dentifrices had a staining effect 
concerning color relative to the baseline on the Admira and 
Filtek composites above the AT for 00. All Herculite 
combinations were above the PT for 00 and only Crest 
Charcoal crossed above the AT.     
 Translucency measurements across samples range from 6.1 to 
8.6 for TP00 values. Filtek with Crest Pro-Health was statistically 
different in baseline and after toothbrushing from other dentifrice 
and material combinations. The TP00  range from 0.3 to -1.46 
with most samples reducing translucency due to abrasion and 
staining effects. Herculite with all dentifrices maintained 
translucency below the PT limit for TP00. Both Admira and 
Filtek with Colgate Charcoal also were less than the PT limit. 
However, Admira and Filtek with all other combinations were 
above the PT limit but not greater than the AT limit. 

Discussion     
 Human observers perceived color change (perceptibility 
threshold) at  equals 1 and an acceptability threshold of  
equals 1.8 for D 2000.23-28 Based on these results, the present 
laboratory study showed that the human eye should perceive 
the color differences found. 
 This study showed that charcoal toothpastes affected the 
color and surface roughness of the composites tested compared 
to the non-charcoal toothpastes rejecting the two hypotheses. 
Similar results were recently reported.10 However, one study9 
reported that the charcoal toothpaste tested showed no 
significant enamel color change or roughness change compared 
to the non-charcoal toothpaste tested. 
 All the toothpastes used in this study contained abrasives 
(mainly silica), which contribute  to the  surface  roughness  of  
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Fig. 3. Surface roughness 3D images from Mountains software demonstrating both roughness and depth loss results for Filtek brushed with Colgate Total SF. 

Fig. 4. Surface roughness 3D images from Mountains software demonstrating both roughness and depth loss results for Herculite brushed with Crest Charcoal. 

composites as shown in this study. The reason for the color 
changes in the charcoal-based toothpaste could be due to 
pigments included in their formulation or the charcoal particles 
that may interact with the composite monomers. This needs 
further investigation.    
 In the present study, color was determined with a color 
spectrophotometer to obtain more quantitative measurements 
than using color guides.29 The different charcoal toothpaste 
formulations evaluated produced different results; therefore, 
the null hypothesis was rejected.    

Further studies may evaluate the effect of different charcoal 

toothpaste formulations on the different resin composite 
formulations.     
a. 3M Oral Health, St. Paul, MN, USA.
b. Voco, Cuxhaven, Germany. 
c. Kerr Dental, Brea, CA, USA.
d. Konica Minolta, Osaka, Japan. 
e. Bruker, Billerica, MA, USA.
f. Procter & Gamble, Cincinnati, OH, USA.
g. Colgate-Palmolive, New York, NY, USA.
h. Sabri Dental nterprises, Downers Grove, IL, USA.
i. ADA, Chicago, IL, USA.
j. Digital Surf, Besançon, France.
k. Inpixon HQ, Palo Alto, CA, USA.
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