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Resumo 
Introdução: Procedimentos de raspagem na superfície radicular aumentam a rugosidade superficial 
durante a instrumentação. O uso de pasta profilática pode reduzir a rugosidade. Objetivo: Este estudo 
avaliou a influência da profilaxia com pasta na rugosidade superficial da dentina radicular após 
instrumentação manual (IH), ultrassom (US) e instrumentos rotatórios (IR) aplicados em superfícies 
radiculares. Material e método: Cinquenta raízes bovinas foram preparadas e divididas aleatoriamente em 
10 grupos (n = 5) nos quais a instrumentação com HI, US ou RI foi realizada com ou sem profilaxia usando 
pasta convencional ou hidroxiapatita a 3%; adicionalmente, um grupo controle sem tratamento foi incluído. 
As rugosidades de Ra e Rz foram medidas por um perfilômetro. Os aspectos morfológicos das superfícies 
radiculares foram analisados qualitativamente por microscopia eletrônica de varredura (MEV). Os dados 
foram analisados por meio de ANOVA de dois fatores, seguido pelo teste de Tukey (α = 0,05). Resultado: O 
método de raspagem e o procedimento de profilaxia influenciaram significativamente (p <0,05) a 
rugosidade da superfície radicular. O tratamento com US e a profilaxia com pasta de hidroxiapatita ao 3% 
resultaram em menores valores de Ra (0,14 μm ± 0,02 μm) e Rz (0,89 μm ± 0,18 μm) em relação aos demais 
grupos. A análise por MEV mostrou superfícies mais lisas e mais homogêneas nos grupos com profilaxia em 
comparação aos grupos sem profilaxia. Não houve diferenças substanciais entre os resultados da aplicação 
das diferentes pastas. Conclusão: O procedimento de profilaxia realizado com a pasta experimental 
contendo 3% de hidroxiapatita reduziu a rugosidade das superfícies radiculares tratadas com HI, US e RI 
no mesmo nível da pasta profilática convencional. 
Descritores: Raspagem radicular; biofilme; profilaxia dental. 

Abstract 
Introduction: Root-scaling procedures on the root surface show to increase root surface roughness during 
instrumentation. The use of a prophylactic paste reduces the roughness. Objetive: This study evaluated the 
influence of prophylaxis paste on the surface roughness of root dentin after hand instruments (HI), 
ultrasonic scalers (US) and rotational instruments (RI) were applied to root surfaces. Material and 
method: Fifty bovine roots were prepared and randomly divided into 10 groups (n=5) in which 
instrumentation with HI, US, or RI was carried out with or without prophylaxis using either conventional 
or 3% hydroxyapatite paste; additionally, a control group without treatment was included. The Ra and Rz 
roughness values were measured using a perfilometer. The morphological aspects of the root surfaces were 
analysed qualitatively by scanning electron microscopy (SEM). Data were analysed using two-way ANOVA 
followed by Tukey’s test (α = 0.05). Result: The scaling method and the prophylaxis procedure significantly 
influenced (p < 0.05) root surface roughness. Treatment with US and prophylaxis with 3% hydroxyapatite 
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paste resulted in lower values of Ra (0.14 μm ± 0.02 μm) and Rz (0.89 μm ± 0.18 μm) compared to the other 
groups. SEM analysis showed smoother and more homogeneous surfaces in the groups with prophylaxis 
compared to the groups without prophylaxis. There were no substantial differences between the results of 
applying different pastes. Conclusion: The prophylaxis procedure performed with the experimental paste 
containing 3% hydroxyapatite reduced the roughness of root surfaces treated with HI, US and RI at the same 
level as the conventional prophylactic paste. 
Descriptors: Root scaling; biofilm; dental prophylaxis. 

INTRODUCTION 

Periodontal disease is a group of conditions characterized by gingival inflammation and bone 
resorption. It is promoted by the host inflammatory response against the microbial challenge 
induced by bacterial products presented in dental biofilms1. The treatment of periodontitis has 
been traditionally performed to remove biofilm and calculus deposits2. Indeed, non-surgical 
periodontal therapy is still considered the first approach to control periodontal disease since this 
therapy has been shown to reduce the bacterial load in the periodontal pocket, thereby causing 
an improvement in periodontal clinical parameters2,3. 

Hand instruments (HI) are the most used tools for non-surgical periodontal treatment, and 
they have been shown to be efficient in the removal of biofilm and calculus deposits4. However, 
scaling with HI has been shown to present some important limitations in regards to accessing the 
furcation’s lesions, root concavities and sulci, and deep pockets2,5. Therefore, complete removal 
of the biofilm and calculus deposits is not common2,5. Furthermore, the efficacy of scaling with HI 
is highly dependent on the operator’s experience and skill6. These limitations demonstrate that 
the use of alternative tools for scaling performed during non-surgical periodontal therapy is 
required5,7. 

Among the alternative tools proposed to be used in scaling procedures, ultrasonic scalers (US) 
and rotatory instruments (RI) deserve attention, since these instruments have been shown to 
increase the efficiency of the scaling procedure by removing similar or larger quantities of biofilm 
and calculus deposits in a reduced time compared to HI8,9. In fact, the improvement of clinical 
outcomes induced by the scaling performed with US and RI is equivalent to that of scaling 
performed with HI9,10. Moreover, the use of these alternative instruments can improve the access 
to periodontal instrumentation, thereby making the scaling procedure easier to perform11. 

The use of HI, US and RI on the root surface has been shown to increase root surface roughness 
due to the formation of irregularities and sulcus during instrumentation12,13. The augmentation 
of root surface roughness after the scaling procedures can be implicated in increased biofilm 
adhesion in the supragingival environment and improvement in periodontal regeneration in the 
subgingival environment14,15. In any case, the polishing of the root surfaces exposed to the oral 
environment should always be performed to reduce the niches for biofilm accumulation and to 
enhance the performance of mechanical biofilm control by the patient16,17. 

A myriad of prophylactic pastes has been indicated for polishing procedures after periodontal 
treatment17. However, prophylactic pastes have no effect on the augmentation of dentin strength. 
The use of a prophylactic paste can reduce root surface roughness associated with the 
improvement in dentin microhardness, which can prevent erosion caused by brushing the root 
surfaces that are exposed after periodontal treatment. The use of compounds with 
hydroxyapatite has been shown to improve dentin microhardness and occlude dentin 
tubules18,19. Accordingly, the use of the new prophylactic paste with 3% hydroxyapatite could be 
a good option for polishing procedures. The aim of this study was to evaluate the effect of the 3% 
hydroxyapatite prophylactic paste on root surfaces previously scaled by HI, US, and RI compared 
to the roughness of the root surfaces polished with a conventional prophylactic paste. 
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MATERIAL AND METHOD 

Sample Preparation 

Fifty extracted bovine incisors were selected for this study. The teeth were stored at 37ºC in 
distilled water that was changed weekly. The crown and root portion were separated at the 
enamel-cementum junction with a double-faced diamond disk (KG Sorensen, Barueri, SP, Brazil) 
in a low-speed handpiece (KaVo do Brasil Ltda, Joinville, SC, Brazil) under copious water spray. 
Then, the root was mounted and adapted individually with light pressure on a wax plate (Wilson 
Polidental, São Paulo, SP, Brazil). The root was embedded in self-polymerizable resin (Jet Clássico, 
São Paulo, SP, Brazil)) in plastic cylinders with a diameter of 20.0 mm (Tigre, São Paulo, Brazil). 
The surface to be analysed was finished using 600-, 800-, 1200- and 2000-grit silicon-carbide 
papers (Norton, Campinas, SP, Brazil) and polished with metallographic diamond pastes 
(6, 3, 1, 1⁄4 μm; Arotec, São Paulo, SP, Brazil). The samples were washed 3 times for 10 minutes 
in each section in an ultrasound bath (Cristofoli, Campo Mourão, Paraná, Brazil) with absolute 
alcohol to remove debris. 

Groups 

The samples were randomly divided into 10 groups according to the type of treatment applied to 
the root surfaces (n=5): C (control group): no treatment; HI: scaling with hand instruments (Gracey 
curettes 5/6; Hu-Friedy, Chicago, Illinois, USA), totalling 15 movements in an apical-coronal direction; 
HI/PP: scaling with HI, totalling 15 movements in an apical-coronal direction followed by prophylaxis 
with a fine prophylactic paste (Herjos-F; Vigodent S.A., Rio de Janeiro, RJ, Brazil) using a rubber cup 
coupled with a low-speed rotation device under constant irrigation for 15 seconds; HI/EP: scaling 
with HI (Gracey curettes 5/6; Hu-Friedy, Chicago, Illinois, USA), totalling 15 movements in an apical-
coronal direction followed by prophylaxis with an experimental paste with 3% hydroxyapatite 
(Bianco; Uberlândia, MG, Brazil) using a rubber cup coupled with a low-speed rotation device under 
constant irrigation for 15 seconds; US: scaling with a US (Jet Sonic Total; Gnatus, Ribeirão Preto, SP, 
Brazil), totalling 15 instrumentation cycles in the apical-coronal direction; US/PP: scaling with a US, 
totalling 15 instrumentation cycles in the apical-coronal direction followed by prophylaxis with a fine 
prophylactic paste using a rubber cup coupled with a low-speed rotation device under constant 
irrigation for 15 seconds; US/EP: scaling with a US, totalling 15 instrumentation cycles in the apical-
coronal direction followed by prophylaxis with an experimental paste with 3% hydroxyapatite using 
a rubber cup coupled with low-speed rotation device under constant irrigation for 15 seconds; 
RI: scaling with RI (740F; KG Sorensen, Cotia, SP, Brazil) coupled with a low-speed rotation device 
totalling 15 instrumentation cycles in a mesiodistal direction; RI/PP: scaling with RI coupled with a 
low-speed rotation device totalling 15 instrumentation cycles in a mesiodistal direction followed by 
prophylaxis with a fine prophylactic paste using a rubber cup coupled with a low-speed rotation 
device under constant irrigation for 15 seconds; RI/EP: scaling with RI coupled with a low-speed 
rotation device, totalling 15 instrumentation cycles in a mesiodistal direction followed by prophylaxis 
with an experimental paste with 3% hydroxyapatite using a rubber cup coupled with a low-speed 
rotation device under constant irrigation for 15 seconds. An area of 5 x 5 mm2 was delimited on the 
exposed root surface as the area to be instrumented. This area was used for the roughness and 
morphological analysis of the root surfaces. The samples were prepared by the same operator (LGGO). 
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Determination of the Root Surface Roughness 

After the treatments were applied to the root surfaces, the area previously delimited was used 
to determine the root surface roughness by a perfilometer (Surftest SJ‐201P; Mitutoyo 
Corporation, Kawasaki, Kanagawa, Japan). Three readings in different directions for each 
specimen were performed, and the average was calculated; this value was considered the 
roughness value of each sample. The measurement was performed with a 0.25-mm cut-off value 
and 1.25-mm measurement length, with measuring speed of 1 mm/s, covering the distance of 
3 mm. In this study, two roughness parameters were used: mean roughness (Ra), the arithmetic 
mean of the recorded peaks and valleys; and mean roughness depth (Rz), the maximum distance 
between the greatest peak and the greatest valley in the measuring path. The perfilometer was 
positioned so that the height of the reading tip was adapted to the previous map of each sample. 

Scanning Electronic Microscopy (SEM) Analysis 

The morphological features of the root surfaces were analyzed using SEM. Five samples from 
each group were sectioned using a double-faced diamond disc (KG Sorensen, Cotia, SP, Brazil) at 
low speed and under air-water spray cooling at a distance of 1 mm from the edges of the 
instrumentation area. The samples were cleaned in an ultrasonic device (Cristofoli, Campo 
Mourão, Paraná, Brazil) with distilled water for 30 minutes to remove the debris remnants and 
were dehydrated in alcohol at concentrations of 50º, 70º and 95º for 10 min each and in absolute 
alcohol for 30 min. After storage in an oven receptacle containing silica for 8 h to remove 
moisture, the specimens were mounted on an aluminium stub (one stub per group), sputter-
coated with a thin layer of gold, and examined with an LEO 435 VP scanning electron microscope 
(Carl-Zeiss NTS GmbH, Oberkochen, Germany). The SEM photomicrographs at 
×500 magnification were scored blindly and independently by five investigators using roughness 
and loss of tooth substance index20 (Table 1). This index was used to qualitatively score the 
morphology of the root surface produced by each instrument with or without prophylaxis. 

Table 1. Roughness and loss of tooth substance index (Meyer; Lie20) 
Score Feature 

0 Smooth and even root surface without marks from instrumentation and with no loss of tooth substance 
1 Slightly roughened as corrugated local areas confined to the cementum 
2 Definitely corrugated local areas where the cementum may be completely removed, although most of 

the cementum is still present 
3 Considerable loss of tooth substance with instrumentation marks into the dentin. The cementum is 

completely removed in large areas or has a considerable number of lesions from the instrumentation. 

Statistical Analysis 

The Ra, Rz and score data were tested for normal distribution (Shapiro-Wilk test) and equality 
of variances (Levene’s test). The two-way analysis of variance followed by Tukey’s test were used 
for comparison among experimental groups and between each experimental group and the 
control group. The significance level was set at 5%, and all analyses were carried out with the 
statistical package Sigma Plot version 13.1 (Systat Software Inc, San Jose, CA, USA). 
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RESULT 

Roughness 

A two-way ANOVA revealed that prophylaxis method, scaling method, and interaction 
between both factors significantly influenced (p≤0.05) the Ra and Rz values. When scaling was 
conducted using RI, higher Ra values were found in comparison with HI or US. When performed 
after any treatment, prophylaxis using paste with 3% hydroxyapatite or fine prophylactic paste 
resulted in significantly lower Ra values than those in groups that did not receive prophylaxis. 
When scaling was performed using US followed by prophylaxis with the 3% hydroxyapatite 
experimental paste, the lowest Ra values were found. When comparing each experimental group 
to the control group, Dunnet’s test showed that US, RI, RI/PP and RI/EP had higher Ra values than 
those in the control group (Table 2). The lowest Rz value was found when US and prophylaxis 
using paste with 3% hydroxyapatite were performed. 

Table 2. Mean if the Ra and Rz values (µm) and standard deviations of all the groups (n=5) 

 Prophylaxis Methods 
Scaling Methods 

Control 
HI US RI 

 Without prophylaxis 0.42 ± 0.16 Ab 0.62 ± 0.30 Ab*** 2.10 ± 0.43 Bc*** 0.09 ± 0.05 

Ra (µm) 
Prophylaxis with a fine 
prophylactic paste 

0.29 ± 0.20 Aa 0.24 ± 0.09 Aa 1.23 ± 0.11Bb***  

 
Prophylaxis with a 
hydroxyapatite 3% paste 

0.30 ± 0.21 Aa 0.14 ± 0.02 Aa 1.18 ± 0.07 Ba***  

 Without prophylaxis 2.29 ± 0.96 Bb*** 1.64 ± 0.40 Ab 1.71 ± 0.42 Aa 0.82 ± 0.49 

Rz (µm) 
Prophylaxis with a fine 
prophylactic paste 

1.53 ± 0.35 Aa 1.42 ± 0.36 Ab 1.80 ± 0.59 Aa*  

 
Prophylaxis with a 
hydroxyapatite 3% paste 

1.55 ± 0.65 Ba 0.89 ± 0.18 Aa 1.83 ± 0.30 Ba*  

Different letters indicate significant differences for Tukey’s honestly significant difference test (p < 0.05). Uppercase letters 
compare scaling methods (in rows). Lowercase letters compare prophylaxis methods in each impact scaling methods (in 
columns). *p < 0.05; *** p < 0.001 Groups with higher roughness values than the control group – Two-way ANOVA 
complemented by Tukey´s test. 

After prophylaxis with both pastes in the HI and US groups, the Rz values were significantly 
reduced compared to those in the groups with no prophylaxis. When RI was used for scaling, the 
Rz values were not influenced by prophylaxis method. When comparing each experimental group 
to the control group, Dunnet’s test showed that HI, RI/PP and RI/EP had higher Rz values than 
those in the control group (Table 2). 

SEM Analysis 

The two-way ANOVA revealed that prophylaxis method, scaling method, and the interaction 
between both factors significantly influenced (p≤0.05) the morphological features of the root 
surfaces. In general, when prophylaxis was performed with any paste, the root surface became 
smoother than the surfaces that were not submitted to prophylaxis (Figure 1). The treatment of 
the root surface using both US and prophylaxis using paste with 3% hydroxyapatite (Figure 1G) 
presented the highest degree of smoothness. Performing prophylaxis after HI (Figures 1C and 1D) 
or US (Figures 1F and 1G) with either paste induced a smoother surface than in the groups with 
no prophylaxis (Figures 1B and 1E). Prophylaxis influenced the morphological features of the root 
surfaces treated by RI (Figures 1H-1J). When comparing each experimental group to the control 
group (Figure 1A), Dunnet’s test showed that only RI/EP (Figure 1J) resulted in similar roughness 
scores to that in the control group (Table 3); all other groups had significantly higher scores than 
the control group. 
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Table 3. Mean of the roughness and loss of tooth substance index values and standard deviations of all the 
groups (n=5) 

Prophylaxis Methods 
Scaling Methods 

Control 
HI US RI 

Without prophylaxis 1.1 ± 0.8 Aa*** 2.5 ± 0.5 Bb*** 2.6 ± 0.5 Bc*** 0.0 ± 0.0 
Prophylaxis with a fine prophylactic paste 0.8 ± 0.4 Aa** 0.6 ± 0.5 Aa*** 1.1 ± 0.6 Aa***  

Prophylaxis with a hydroxyapatite 3% 
paste 

0.7 ± 0.5 Aa** 0.8 ± 0.4 Aa*** 0.5 ± 0.3 Aa  

Different letters indicate significant differences for Tukey’s honestly significant difference test (P < 0.05). Uppercase letters 
compare scaling methods (in rows). Lowercase letters compare prophylaxis methods in each impact scaling methods (in 
columns). **p < 0.01; *** p < 0.001 Groups with higher roughness and loss of tooth substance index values than the control 
group – Two-way ANOVA complemented by Tukey´s test. 

 
Figure 1. Photomicrograph at ×500 magnification showing the morphology of root surface as assessed via 

scanning electron microscopy (SEM) in: (A) Control group; (B) Scaling with HI; (C) Scaling with HI with 
prophylaxis with a fine prophylactic paste; (D) Scaling with HI with prophylaxis with a hydroxyapatite 3% 
paste; (E) Scaling with a US; (F) Scaling with a US with prophylaxis with a fine prophylactic paste; (G) 

Scaling with a US with prophylaxis with a hydroxyapatite 3% paste; (H) Scaling with RI; (I) Scaling with RI 
with prophylaxis with a fine prophylactic paste; (J) Scaling with RI with prophylaxis with a hydroxyapatite 3% 

paste. 
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DISCUSSION 

Scaling procedures performed in non-surgical periodontal treatment have the objective of 
removing microbial deposits, and when performed efficiently, are associated with the formation 
of a root surface that reduces the possibility of new accumulation of these deposits2. Thus, it has 
been suggested that after non-surgical periodontal treatment, the root surface should ideally be 
smooth, hard and polished21. Although the scaling procedures performed with HI have been 
considered the standard treatment for periodontal disease, this procedure is difficult to perform, 
and the degree of the root surface roughness promoted by this treatment indicates that the root 
surfaces should be polished after the scaling16,17, as confirmed by this study. Additional tools for 
non-surgical periodontal treatment, such as US and RI, have been proposed to facilitate the 
scaling procedure8,12; however, this study showed that the use of these alternatives does not 
eliminate the necessity to polish the root surfaces. 

Perfilometer analysis is a two-dimensional measurement that provides reliable data for 
characterizing root surfaces roughness after debridement16. The roughness data showed that the 
RI promoted higher average roughness values (Ra); however, HI promoted higher partial 
roughness values (Rz). The average roughness is the arithmetic average of the roughness of the 
whole surface, and therefore, it better estimates the outcome for the entire surface22. Indeed, the 
SEM images of this study showed that surfaces treated with RI and US had a more irregular 
appearance than the untreated surfaces or the surfaces scaled with HI instruments. Although the 
Rz roughness was paradoxically higher after instrumentation with HI, this roughness determined 
the sum of the values of the greatest distance between the top and the valley of a surface; 
parameters such as the wear of the treated surface strongly impact this value23, which may 
indicate that there is a greater removal of dentin tissue after instrumentation with HI compared 
to the use of US and IR, a fact already shown in previous studies24,25. 

The Ra and Rz roughness were reduced on all root surfaces that were polished with both 
prophylactic pastes. However, the root surfaces treated with the RI instruments and polished 
with the prophylactic pastes had higher roughness than non-instrumented surfaces, suggesting 
that the time needed for a good polishing of these surfaces is greater than that for instrumentation 
with US and HI. In addition, the experimental prophylactic paste with 3% hydroxyapatite reduced 
the root surface roughness at the same level as that obtained with the conventional prophylactic 
paste, which demonstrates that experimental paste presents a good potential for clinical use. 
The use of hydroxyapatite-based products has been shown to increase dentin microhardness17,18, 
and this effect may be important in preventing abrasion defects that may occur on root surfaces 
exposed to the oral environment19. However, this hypothesis still requires further investigation. 

The best combination of treatment found in this study was US in addition to polishing with the 
prophylactic 3% hydroxyapatite paste. The application of US on the root surfaces has been shown 
to produce a reduced or equal root surface roughness than that produced by HI8,25, which may 
suggest that the polishing procedure can be applied for shorter times than for surfaces treated 
with the other tools. In addition, the US treatment has also been shown to remove less dentin 
tissue compared to other instruments25, which may also facilitate obtaining a more polished 
surface and reducing the possibility of dentin hypersensitivity after scaling since the superficial 
dentin layers present fewer dentinal tubules and a reduction in tubule diameter25. 

This study has some limitations that limit data extrapolation to clinical practice. The effect of 
prophylaxis procedure is mostly restricted to the enamel and the first millimeters of coronal third 
of the root surface. Therefore, caution should be taken when comparing the present results to 
enamel roughness analysis, since dentin root samples were used. It has been demonstrated17 that 
composite and dentin surfaces were more affected by prophylaxis than enamel and porcelain 
surfaces. Previous studies have shown that compounds with hydroxyapatite increase the 
hardness of dentin and dental enamel17,18, however, the real impact of the application of 
prophylaxis with an experimental paste containing 3% hydroxyapatite on dentin hardness was 
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not measured. In addition, important information such as the effect of prophylactic paste with 3% 
hydroxyapatite on the resistance of the treated root surfaces to brush-induced wear and the 
duration of brushing cycles of these surfaces is uncertain. Future studies are necessary to obtain 
this information. 

The polishing procedure performed with the experimental paste containing 3% 
hydroxyapatite reduced the roughness of the root surfaces instrumented with HI, US and RI at the 
same level as that obtained with the conventional prophylactic paste. In addition, the treatment 
of the root surface with US and the subsequent polishing with the prophylactic paste containing 
3% hydroxyapatite was the treatment that presented the best pattern of reduction of roughness 
and was associated with improvement in the morphological pattern of treated root surfaces. 
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