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Resumo 
Introdução: O tratamento da doença periodontal em dentes multirradiculares com envolvimento de furca 
tem sido um desafio para os cirurgiões-dentistas, com resultados imprevisíveis. Objetivo: Avaliar as 
características da ponta ativa de curetas periodontais utilizadas para raspagem do teto de furca, 
comparando o método manual versus digital. Material e método: Foram avaliadas 42 curetas de Pádua 
Lima (PL) da marca Millennium® (n=6 para cada modelo): PL 1-2, PL 3-4, PL 5-6, PLW 1-2, PLW 3-4, PLW 
5-6 e PLF. Foram mensurados: comprimento total da face coronária (CTc, milímetros, mm), comprimento 
total da face lateral (CTl, mm), largura da face coronária (Lc, mm) e largura da face lateral (Ll, mm). As 
mensurações foram em duplicata. Resultado: Os resultados mostraram que o peso variou entre as curetas 
(p<0,05), porém o diâmetro do cabo foi semelhante para todos os instrumentos (p>0,05). Considerando que 
foram avaliados sete tipos de curetas diferentes, os parâmetros de CTl e Ll se mostraram com diferença 
estatística para todas as curetas avaliadas (proporção 7:7), com valores maiores para o método do 
paquímetro em comparação ao software (p<0,05). Houve diferença estatisticamente significativa entre 
métodos de avaliação para as medidas de CTc e de Lc (p<0,05), mostrando que houve uma coincidência de 
valores na proporção de 4:7 para as mensurações de CTc e de 5:7 para Lc. Conclusão: A comparação entre 
métodos resultou, em geral, menores valores e maior variação para o método digital, favorecendo, dessa 
forma, o uso do método manual para a mensuração da ponta ativa de curetas periodontais. 
Descritores: Doenças periodontais; periodontia; instrumentos odontológicos. 

Abstract 
Introduction: The treatment of periodontal disease in multiradicular teeth with furcation involvement is a 
challenge for dentists, with unpredictable results. Objective: To evaluate the characteristics of the active 
tip of periodontal curettes used for scaling the furcation roof, comparing the manual versus digital method. 
Material and method: Forty-two Pádua Lima (PL) curettes of the Millennium® brand (n = 6 for each 
model) were evaluated: PL 1-2, PL 3-4, PL 5-6, PLW 1-2, PLW 3-4, PLW 5 -6, and PLF. The following were 
measured: total length of the coronary face (CTc, millimeters, mm), total length of the lateral face (CTl, mm), 
width of the coronary face (Lc, mm), and width of the lateral face (Ll, mm). The measurements were 
performed in duplicate. Result: The results showed that weight varied among the curettes (p <0.05), 
however the handle diameter was similar for all instruments (p> 0.05). Considering that seven different 
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types of curettes were evaluated, the parameters of CTl and Ll showed a statistical difference for all 
evaluated curettes (7: 7 ratio), with higher values for the caliper method compared to the software 
(p <0.05). There was a statistically significant difference between assessment methods for CTc and Lc 
measurements (p <0.05), showing that there was a coincidence of values in the proportion of 4:7 for 
measurements of CTc and 5:7 for Lc. Conclusion: The comparison between methods generally resulted in 
lower values and greater variation for the digital method, thus favoring the use of the manual method to 
measure the active tip of periodontal curettes. 
Descriptors: Periodontal diseases; periodontics; dental instruments. 

INTRODUCTION 

The treatment of multiradicular teeth with furcation involvement is a challenge for dentists, 
with unpredictable results. Added to the difficulty of instrumentation in this inter-furcal region 
due to the anatomical complexity1–4, there may also be the presence of cervical enamel 
projections5, interradicular hollow channels 6, proximity between the roots7, root fusion2, and 
enamel pearls8. 

The height of the root trunk varies in the different furcation entrances in both maxillary and 
mandibular molars, with the first molar having a smaller root trunk than the second molar. In the 
maxillary first molar, the mesial, buccal, and distal furcation entrances are located approximately 
3.0 mm, 3.5 mm, and 5 mm from the cementoenamel junction (CEJ), respectively. Considering the 
mandibular molars, the lingual furcation entrance is usually > 4 mm in relation to the CEJ and the 
buccal furcation entrance > 3 mm, with an entrance width < 0.75 mm in the buccal and > 0.75 mm 
in the lingual furcation 9. The heights of the root trunk presented different means in other 
findings10 of maxillary molars, ranging from 4.44 mm for the mesial furcation entrance, 3.50 mm 
for the buccal furcation entrance, and 4.26 mm for the distal furcation entrance. 

The dimensions of the furcation entrances were evaluated by Hou et al.11 in maxillary first and 
second molars of Chinese individuals. The authors evaluated 89 maxillary molars (49 first molars 
and 40 second molars) and 93 mandibular molars (50 first molars and 43 second molars), noting 
that the furcation entrances in the maxillary first molars showed an average of 0.74 mm for the 
buccal furcation entrance, 0.99 mm for the distal furcation entrance, and 1.04 mm for the mesial 
furcation entrance. The maxillary second molars presented an average of 0.63 mm for the buccal 
furcation entrance; 0.67 mm for the distal furcation entrance, and 0.90 mm for the mesial 
furcation entrance. In the mandibular first molars, the mean was 0.88 mm for the buccal furcation 
entrance and 0.81 mm for the lingual furcation entrance. As for the second mandibular molars, 
the means were, respectively, 0.73 mm and 0.71 mm for the buccal and lingual furcation 
entrances. 

It is not only important to know the height of the furcation entrances on the different faces, 
but also to know the dimensions of the anatomical characteristics of this region. In this context, a 
study4 demonstrated that the lingual and buccal inter-furcal regions were narrower compared to 
the central portion, proving that there is an anatomical limitation that can clinically compromise 
the insertion of instruments for periodontal treatment in the furcal region. 

Considering the differences between the dimensions of the inter-furcal region of 
multiradicular teeth, another important aspect to be considered is the size of the blades of 
periodontal curettes used for periodontal treatment in this region12. To facilitate access to 
different anatomical regions, such as furcation regions, narrow and/or deep pockets, and areas 
with root concavities, curettes are manufactured with angulation variations in their shaft13, 
however, it is important to consider that the characteristics of the instrument's active tip, such as 
width and length of the faces, must be evaluated, considering the anatomical limitations of 
multiradicular teeth. 
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Traditionally, in dentistry, the manual method with a caliper has been used for several 
purposes, in order to measure variables such as linear measurements on radiographs14 or even 
in teeth and periodontal instruments12, however, the number of applications (software) available 
online and free of charge has been growing and gaining prominence in the health area, and this is 
of great value for professionals who want to adopt an electronic recording system15. 

A systematic review evaluated the literature on the availability and use of open source dental 
software16, and the analysis revealed that the dental literature presents scarce, incomplete, and 
low methodological quality information about open source software in dentistry, including image 
visualization programs. However, some authors point out that a more detailed analysis of free 
online software could benefit potential practitioners of electronic healthcare systems15. Thus, the 
aim of the current study was to evaluate the characteristics of the active tip of periodontal 
curettes used for scaling the furcation roof, comparing the manual versus digital method. 

METHODOLOGY 

The present work is a cross-sectional observational study, developed in the multidisciplinary 
laboratory of the Fluminense Federal University (UFF) of the Nova Friburgo Health Institute 
(ISNF). 

Study Groups 

Forty-two periodontal curettes, model Pádua Lima (PL), Millennium® brand (Golgran Ind 
Com Instr Odontológico, São Caetano do Sul, Brazil) were evaluated, of seven different models, as 
follows: PL 1-2 (n=6), PL 3-4 (n=6), PL 5-6 (n=6), PLW 1-2 (n=6), PLW 3-4 (n=6), PLW 5-6 (n=6), 
and PLF (n=6). The curettes were required to be from different manufacturing batches. 

The following instrument characteristics were evaluated: weight (W, grams), handle diameter 
(D, millimeters, mm), total length of active blade on the coronary face (CTc, mm), total length of 
active blade on the lateral face (CTl, mm), width of the coronary face in the middle portion of the 
active tip (Lc, mm), and width of the lateral face in the middle portion of the active tip (Ll, mm). 
For the measurements of W and D, the methodology of Penteado et al.17 was followed and, for the 
measurements of CTc, CTl, Lc, and Ll the methodology of Dantas et al.12 

D was evaluated only using the caliper. The measurements of CTc, CTl, Lc, and Ll were 
performed using two different methods: 1) Manual: precision digital caliper (Mitutoyo®, Santo 
Amaro, São Paulo); 2) Digital: ImageJ software® (National Institutes of Health, Bethesda, USA), 
and the measures were compared for the evaluation of the proposed methods. 

Manual Method 

According to the recommendation of Tahim et al.18, the caliper was returned to the initial 
position (zero) for each measurement, in order to avoid a biased reading. Measurements were 
performed with the visual aid of a binocular magnifying glass attached to the examiner's head 
(Bio-Art Equipamentos Odontológicos, São Carlos, Brazil). The curettes were positioned over a 
white paper background, and the examiner kept their arms supported on a bench with a firm and 
flat surface, to avoid slipping and changes in position that could interfere with the analysis. The 
measurements were performed in duplicate, with means and standard deviations being 
calculated. 
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Digital Method 

All curettes were photographed on their coronary and lateral sides, next to a millimeter 
endodontic ruler, to standardize the measurement scale (in millimeters). The photos were taken 
in a standardized way, with a Sony Cybershot DSC-HX1 machine (Fábrica Sony Brasil Ltda, 
Manaus, Brazil), positioned at 90º in relation to the curettes, at a distance of 15 cm, with an 
approximate zoom of 2,5x. The photo file was opened in the ImageJ® program, selecting “File” 
and “Open”. Next, the endodontic rule was measured linearly up to 10 mm, and the measure was 
standardized as the known measure in “Analyze” and “Set scale” (in 10 mm). Subsequently, with 
the linear tool again, the coronary and lateral faces of the curettes were measured separately. To 
visualize the obtained measure, we clicked on “Analyze” and “Measure”. The result was expressed 
in length (in millimeters) as “Length”. The measurements were performed in duplicate and means 
and standard deviations were calculated. 

Intra-examiner Calibration 

A single researcher (LPS) was trained and calibrated, by an experienced researcher, (ECZ) to 
perform all measurements. The intra-examiner calibration used six curettes (PL 1-2; PL 3-4; PL 
5-6; PLW 1-2; PLW 3-4; PLW 5-6, and PLF), one of each model, considering CTc, CTl, Lc, and Ll. As 
the curettes had a double tip, an overall mean was considered. Measurements were taken at two 
different times, with a one-week interval. For the manual method, the intraclass correlation (IC) 
for continuous data showed excellent replicability (IC=0.9995; p<0.0001), as well as for 
calibration of the digital method (IC=0.9978; p<0.0001). When comparing the manual method 
versus the digital method, considering the same measurement parameters for CTc, CTl, Lc, and Ll, 
the replicability was also excellent (IC=0.9932; p<0.0001). To verify the IC, the BioEstat 5.0 
program was used (Belém, PA, Brazil). 

Weight 

The curettes were weighed on a precision digital scale, model AD5000 (Marte 
Científica®, Santa Rita do Sapucaí, Minas Gerais, Brazil), supported on a flat surface. 
Following the methodology proposed by Penteado et al.17, each curette was placed gently 
on the scale and the value was noted only after the numbers on the display had stabilized. 
This procedure was performed twice for each periodontal curette and means were 
calculated for each instrument. 

Diameter of the Handle 

The instrument handle diameter was measured with a precision caliper (Mitutoyo®, Santo 
Amaro, São Paulo), considering the central portion of each instrument. Measurements were taken 
twice to calculate means. 

CTc, CTl, Lc, and Ll Measurements 

The CTc and CTl length was considered as a linear measure, from the beginning of the active 
tip to the end, on the coronary (CTc) and lateral (CTl) faces, respectively12. The width for Lc was 
measured in the middle portion of the instrument, from the cutting blade from one side to the 
other, linearly, with the cutting blade being formed by the coronary and lateral/apical sides. 
Likewise, Ll was measured in the middle portion of the face, linearly, from the cutting blade to the 
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end of the lateral face, against the back of the instrument. Measurements were taken twice to 
calculate means. All measurements were performed using both the manual method (Figure 1 A-D) 
and the digital method for comparison between methods. 

 
Figure 1. (A) Total length of active blade on the coronary face (CTc, mm); (B) Total length of active blade 

on the lateral face (CTl, mm); (C) Width of the coronary face in the middle portion of the active tip (Lc, mm); 
(D) Width of the lateral face in the middle portion of the active tip (Ll, mm). 

Statistical Analysis 

From the measurements obtained for each parameter, means and standard deviations were 
calculated. Data were analyzed for normality using the Shapiro-Wilk test. Comparisons among 
groups of curettes and between analysis methods were performed using the Kruskal-Wallis test 
(if not parametric) or one-way ANOVA followed by Tukey (if parametric), considering a 
significance level of 5%. The BioEstat 5.0® program (Mamirauá, AM, Brazil) was used for the 
analysis. 

RESULT 

The weight (g) of the handle varied among the periodontal curettes evaluated, and, in general, 
the PLW 1-2, PLW 3-4, PLW 5-6, and PLF curettes were heavier than the PL 1-2, PL 3-4, and PL 5-
6 curettes (p<0,05). The handle diameter (mm) was similar for all curettes, with no statistically 
significant differences between measurements (p>0.05) (Figure 2). 
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Figure 2. Variation in means among curettes considering the weight (g) and diameter of the handle (mm). 

a,bDifferent letters within the same line indicate a statistically significant difference among curettes in relation 
to the evaluated parameter (Non-parametric data; Kruskal-Wallis test, followed by Dunn p<0.05). 

The comparison between measurement methods resulted, in general, in higher values for the 
manual method compared to the digital method for the majority of parameters. The manual vs. 
digital methods for measuring the parameters of CTl and Ll showed statistical difference for all 
curettes evaluated (PL 1-2; PL 3-4; PL 5-6; PLW 1-2; PLW 3-4; PLW 5-6, and PLF), with 
significantly higher values for the caliper method (P<0.05). CTc measurements showed similar 
values of measurements with no statistical difference for PL 3-4, PL 5-6, PLW 5-6, and PLF 
(p>0.05), but with a significant difference for PL 1-2, PLW 1-2, and PLW 3-4 (p<0.05); thus, 
considering that seven different types of curettes were evaluated, there was a coincidence of 
values in the proportion of 4:7 for the measurements of CTc and 5:7 for the Lc parameter. For Lc 
there was a statistical agreement for PL 1-2, PL 5-6, PLW 1-2, PLW 3-4, and PLF (p>0.05) and a 
statistical difference for PL 3-4 and PLW 5-6 (p<0.05) (Figure 3; Table 1). 

 
Figure 3. Illustration of mean variation among curettes considering total coronary length (CTc), total lateral 
length (CTl), coronary width (Lc), and lateral width (Ll). * Asterisk indicates difference between caliper vs. 

software measurement methods among curettes for each parameter evaluated in CTc, CTl, Lc, and Ll 
(Wilcoxon for non-parametric data and t test for parametric data; p< 0.05). 
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Table 1. Comparison between caliper vs. software for measurements of CTc (total coronary length), CTl 
(total lateral length), Lc (coronary width), and Ll (coronary width). 

Curettes CTc CTl Lc Ll 

PL 1-2     

Caliper 6.73 ± 0.16 a 8.27 ± 0.29 a 1.14 ± 0.04 a 1.09 ± 0.06 a 
Software 6.13 ± 0.23 b 7.57 ± 0.42 b 1.14 ± 0.07 a 0.94 ± 0.06 b 

PL 3-4     

Caliper 5.34 ± 0.29 a 6.44 ± 0.21 a 1.29 ± 0.04 a 0.90 ± 0.05 a 
Software 5.18 ± 0.30 a 6.09 ± 0.31 b 1.23 ± 0.04 b 0.79 ± 0.06 b 

PL 5-6     

Caliper 6.44 ± 0.28 a 7.73 ± 0.29 a 1.24 ± 0.03 a 1.02 ± 0.10 a 
Software 6.28 ± 0.32 a 7.08 ± 0.34 b 1.19 ± 0.05 a 0.86 ± 0.03 b 
PLW 1-2     

Caliper 6.22 ± 0.52 a 7.85 ± 0.48 a 1.53 ± 0.11 a 1.23 ± 0.12 a 
Software 5.57 ± 0.64 b 7.02 ± 0.45 b 1.51 ± 0.07 a 0.97 ± 0.16 b 
PLW 3-4     

Caliper 5.56 ± 1.10 a 6.07 ± 0.20 a 1.48 ± 0.06 a 0.90 ± 0.03 a 
Software 4.86 ± 0.18 b 5.50 ± 0.31 b 1.42 ± 0.07 a 0.63 ± 0.08 b 
PLW 5-6     

Caliper 6.0 ± 0.64 a 6.6 ± 0.22 a 1.59 ± 0.06 a 0.95 ± 0.05 a 
Software 5.9 ± 0.36 a 5.6 ± 0.21 b 1.52 ± 0.05 b 0.83 ± 0.06 b 

PLF     

Caliper 5.5 ± 0.44 a 7.51 ± 0.36 a 1.19 ± 0.06 a 1.09 ± 0.06 a 
Software 5.31 ± 0.53 a 6.82 ± 0.24 b 1.19 ± 0.05 a 0.98 ± 0.06 b 

a,bDifferent letters indicate difference between the caliper vs. software measurement methods in each evaluated parameter 
(Wilcoxon for non-parametric data and t-test for parametric data; p< 0.05). 

DISCUSSION 

The morphology of the furcation region in molar teeth is an important topic for clinical 
practice, since furcation involvement is one of the main problems related to the success of 
periodontal treatment in multiradicular teeth1,3,4,11. The height of the root trunk varies in different 
furcation entrances and is controversial in different studies. While some findings indicate that the 
mesial furcation entrance of the maxillary first molars and buccal furcation entrance of the 
mandibular molars may be primarily affected by periodontal disease due to the lower height of 
the root trunk on these sides9, other findings point to vestibular furcation entrance as having the 
highest risk of involvement10. 

For treatment planning and prognosis, the size of periodontal curettes plays an important role, 
as it is necessary for the blade to have an adequate width to reach this region, without causing 
damage to periodontal tissues, in addition to having resistance to fracture, to perform the 
treatment effectively19. The dimensions of the active tip of specific periodontal curettes for scaling 
in the furcation region were analyzed in the present study, comparing the manual and digital 
methods. Regardless of the method used, it was possible to verify that there was a variation of 
from 1.14 to 1.59 mm in the coronary width of the active tip of the analyzed curettes (Figure 3; 
Table1), which demonstrates a clinical limitation in the insertion of adequate instruments in this 
area for periodontal treatment, considering, for example, the buccal furcation entrance width < 
0.75 mm and lingual furcation entrance > 0.75 mm in the mandibular molars9. The study by 
Goulart et al.4 also highlighted that the lingual and buccal inter-furcation regions were narrower 
compared to the central portion of mandibular first molars. 

Another study that evaluated molar teeth11 showed a mean furcation entrance width of 
0.74 mm for the buccal furcation entrance, 0.99 mm for the distal furcation entrance, and 
1.04 mm for the mesial furcation entrance of the maxillary first molars, and 0.63 mm for the 
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buccal furcation entrance, 0.67 mm for the distal furcation entrance, and 0.90 mm for the mesial 
furcation entrance of the maxillary second molars. When the mandibular first molars were 
evaluated, the mean was 0.88 mm for the buccal furcation entrance and 0.81 mm for the lingual 
furcation entrance, while the second molars showed greater narrowing of the furcation entrance, 
with means of 0.73 mm and 0.71 mm for the buccal and lingual furcation entrances, respectively. 
These findings prove that the periodontal curettes evaluated have greater widths (1.14 to 
1.59 mm; Figure 3 and Table 1) than the furcation entrances, which limits the instrument's entry 
into the region and can directly interfere with the treatment result. In these cases, a good 
alternative would be the use of ultrasonic tips, which have greater tapering at the active end, and 
some findings also showed that the surface roughness of the tooth root treated with piezoelectric 
ultrasonic devices was lower when compared to manual instrumentation with curettes20. 

In the present study, the manual versus digital method for measuring the CTl and Ll 
parameters presented a statistical difference for all curettes evaluated (PL 1-2; PL 3-4; PL 5-6; 
PLW 1-2; PLW 3-4; PLW 5-6; and PLF), with significantly higher values for the caliper method 
(P<0.05; Figure 3 and Table 1). Based on the data obtained in this study, it can be observed that 
there was a difference between the manual and digital methods. The evaluation with the digital 
method led to greater variation between the measurements of the curettes, thus, the results 
demonstrate that the caliper method seems to have a positive potential when compared to the 
digital method. This result can be explained by the fact that the caliper allows better precision in 
the delimitation of the active tip of periodontal curettes, when compared to the digital method, 
since the visualization of the instrument by the caliper method is more assertive, considering that 
curettes have a three-dimensional structure with different faces and curvature at the active tip. 
The proximity of the instrument to the examiner in the caliper method allows, with the aid of a 
binocular magnifying glass, better accuracy of the analyzed points and a reduction in 
measurement deviations, which provides more assertive results. Furthermore, the digital method 
can facilitate parallax errors, that is, an error that is caused by an optical deviation in the 
observer's angle of view, which does not occur with the manual method. This deviation directly 
influences the results, since the dimension of the blades can be changed, which may explain the 
greater variation in the dimensions of the blades obtained by the digital method. 

The present study found that the comparison between measurement methods resulted, in 
general, in higher values for the manual method compared to the digital method (Figure 3 and 
Table 1). This finding emphasizes the importance of the digital precision caliper, still being the 
most appropriate resource of choice to carry out analyses of the dimensions of periodontal 
curettes and other instruments that have three-dimensional shapes and/or curvatures. This fact 
does not rule out the importance and ease of implementing the use of digital programs to be 
applied in the health area15. Thus, it is important to know the characteristics of the product to be 
evaluated and the measurements obtained, considering that these imaging programs, in general, 
work with linear measurements. The study of Fontão et al.14 comparatively evaluated the use of 
digital (software) and manual (caliper) methods for the analysis of panoramic radiographs with 
linear distance measurement of anatomical distances, demonstrating that there were no 
significant differences between manual and digital measurements and that the digital method can 
be used successfully for radiographic analysis. 

It is noteworthy that no study is definitive and that possible biases should be considered, such 
as the influence of the operator in the analyses, the use of a single type of periodontal curette and 
a commercial brand. It is suggested that further studies be carried out with different models of 
periodontal curettes and comparisons between brands, in order to better elucidate whether the 
manual method can be replaced by the digital method for the analysis of these dental instruments. 
It is noteworthy that the tendency of the manual method to be replaced by the digital method is 
great and that it is necessary to carefully assess the individualities and characteristics of each 
product to be evaluated. 
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CONCLUSION 

It can be concluded that the comparison between methods resulted, in general, in lower values 
and greater variation for the digital method, thus favoring the use of the manual method for 
measuring periodontal curettes. 
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