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Abstract: The aim of this work was to assess the coefficient of variation (CV) distribution 
in experiments in the Dentistry area, involving shear strength tests using human teeth, published 
in various periodicals, as well as in the Medline-Pubmed data base. Material and method: A 
bibliographic survey was made in national and international periodicals published between 1998 
and 2004, as well as in those in the Medline-Pubmed (1991 to 2005) data base. Result: The data 
found (central tendency and dispersion measurements) were tabled and their normality was tested 
using the program SAS - Statistical Analysis System (Shapiro-Wilk, α = 0.05). As the data did not 
present normal distribution, limits of the classification ranges were proposed, and the quartiles 
were used. The CV median of the studies involving shear strength tests was equal to 25.88. 
Conclusion: Data analysis allowed one to define that for the studied variable, the coefficient of 
variation values are considered low when CV ≤ 18.46; medium when 18.46 < CV * 25.88; high 
when 25.88 < CV * 34.00 and very high when CV > 34.00.
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Resumo: Objetivo: Avaliar a distribuição do coeficiente de variação (CV) em experimentos 
na área de Dentística envolvendo testes de resistência ao cisalhamento utilizando dentes humanos, 
publicados em vários periódicos, assim como na base de dados Medline-Pubmed. Material e método: 
Foi realizado um levantamento bibliográfico em que se determinou o valor médio de CV da variável 
estudada, tanto em periódicos nacionais e internacionais publicados entre 1998 e 2004, como 
também naqueles presentes na base de dados Medline-Pubmed (1991 a 2005). Resultado: Os dados 
encontrados foram tabulados e sua normalidade foi testada utilizando o programa SAS - Statistical 
Analysis System (Shapiro-Wilk, α = 0,05). Posteriormente, foram propostos os limites das faixas 
de classificação, utilizando-se a relação entre média e desvio padrão dos valores de CV. A média 
do CV de estudos envolvendo testes de resistência ao cisalhamento foi igual a 25,88. Conclusão: 
A análise dos dados permitiu definir que, para a variável estudada, os valores de coeficiente de 
variação são considerados baixos quando CV ≤ 18,46; médios quando 18,46 < CV * 25,88; altos 
quando 25,88 < CV * 34,00 e muito altos quando CV > 34,00. 

Palavras-chave: Análise estatística; Odontologia; resistência ao cisalhamento.
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Introduction 

The coefficient of variation (CV), defined as the standard 
deviation in percentage of the mean, is the statistical meas-
urement most used by researchers to assess the precision 
of experiments, without the need for equality of units1. In 
spite of all the concern about quality, articles have still been 
published with indications of low experimental precision, 
frequently because of lack of suitable reference values for 
comparison. Generally speaking, in experimentation tests 
with low precision, this could lead to researchers obtaining 
incorrect conclusions from the results, thus increasing the 
probability of errors.

The CV is an important measurement to describe the 
variability of experimental results, and may be useful for 
defining the number of repetitions of the test necessary 
to detect a difference between means of treatment, with a 
given probability2. It is represented by the standard devia-
tion, expressed as a percentage of the mean and calculated 
by the following expression:

s
CV

x
= ×100  (1)

where s is the square root of residual variance and is the 
general mean of the experiment3,4.

It is emphasized that it is of great importance to know the 
reasonable values of this measurement in the different areas 
of knowledge, as these vary in accordance with the studied 
treatment and with the variable-response used4-5. It is known 
that determining the distribution of CV enables ranges of 
values to be established, which guide the researcher as re-
gards the validity of his/her experiments6, and it is necessary 
to know when a CV value is considered low, medium, high 
or very high, to allow the size of samples to be determined 
and the populational mean to be estimated7. On the basis of 
agricultural tests performed in the field, CV results below 
10% may be considered low, medium when they vary from 
10 to 20%, high from 20 to 30% and very high when they 
exceed 30%3. In dental material researches, there are several 
publications with adequate statistical analyses. Braga et al.8 
(1999), Cardoso et al.9 (1998), Nakaoki et al.10 (2002), 
 Rikzalla, Jones11 (2004), Sano et al.12 (1998) and Wolf et al.13 
(1992), however, appear to understand the importance of CV 
in precision researches and present it in their analyses. The 
same occurs with researches involving shear strength tests, 
bearing in mind that the dental substrate – to which the treat-
ments are applied to assess the bond strength of materials or 
systems to dentin or enamel – may present variations due to 
the different degrees of mineralization, organic contents and 
dental age, among others. Variations may also occur due to 
test specimen handling, manipulation of the materials and 
the bond area which, being larger than the bond area of test 
specimens in microtensile tests, may lead to variations in 
the results of the bond strength tests12.

The aim of this work was to assess the coefficient of vari-
ation (CV) distribution in experiments in the Dentistry area, 
involving shear strength tests using human teeth, published 
in various periodicals, as well as in the  Medline-Pubmed 
data base.

Material and method

Data for doing this work was obtained through a survey 
of various periodicals and the Medline-Pubmed data base, 
and search of articles about work done on shear strength tests 
in human teeth. Experiments that presented both an estimate 
of CV and/or the presence of data that would allow it to be 
obtained (mean, standard deviation, mean standard error 
and number of repetitions) were selected. The use of these 
statistical tests, as well as those that were more frequently 
used was also observed.

A total of CV 223 of experiments were obtained in 16 dif-
ferent national and internationally indexed periodicals, from 
the year 1991 too 2005 (Table 1). The normality of the CV 
was tested by analysis using the Shapiro-Wilk test14 in the 
program SAS (Statistical Analysis System).

The quartiles were calculated, Q1 (inferior quartile) be-
ing the value below which a quarter of the data are found 
(lowest values), Q2 (median) the value that limits 50% of 
the data and Q3 (superior quartile) the value below which 
three quarters of the data are found. These measurements 
are obtained, ordering the data from the lowest to the highest 
and dividing them into four parts, being very useful in cases 
of data with non-symmetrical distribution.

Result

All the articles consulted in the periodicals presented 
results that used statistical analysis. The majority of them 
(73.8%) presented dispersion values, especially standard 
deviation. Nevertheless, the coefficient of variation was 
mentioned in only 1 article (1.6%) (Table 2).

Assessment of the statistical tests used in shear strength 
studies showed that the Analysis of Variance was the most 
frequently used test (ANOVA; 63.9%), followed by the 
Student’s t-test (29.5%) and the multiple comparison tests 
(Tukey and Student Newman Keuls tests) (Table 3).

The data normality assessment (Ho = normal distri-
bution) by the Shapiro Wilk test demonstrated that the 
coefficient of variation did not present normal distribution 
(p < 0.0001). The median of the CV was equal to 25.88, the 
inferior quartile 18.46 and the superior 34.00. Data analysis 
allowed one to attribute grades to the coefficient of variation 
values for the studied variable, as can be seen in Table 4.

Discussion

 The Medline-Pubmed database is one of the biblio-
graphic research tools most used in the health area, allowing 
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Table 1. Periodicals consulted and number of articles found with the studied variable being analyzed

Periodicals Articles %

American Journal of Dentistry 21 34.4

Journal of Adhesive Dentistry 15 24.6

Quintessence International 5 8.2

American Journal of Orthodontics and Dentofacial Orthopedics  3 4.9

Dental Materials 3 4.9

Angle Orthodontists 2 3.3

Journal of Clinical Pediatric Dentistry 2 3.3

Operative Dentistry 2 3.3

Brazilian Oral Research 1 1.6

Brazilian Dental Science 1 1.6

European Journal of Oral Science 1 1.6

International Journal of Paediatr Dentistry 1 1.6

Journal of American Dental Association 1 1.6

Journal of Esthetic and Restorative Dentistry 1 1.6

Pediatric Dentistry 1 1.6

Pesquisa Odontológica Brasileira 1 1.6

Overall total 61 100.0

Table 2. Frequency of studies presenting statistical analysis, dis-
persion parameters and coefficient of variation

Shear bond strength test

N %

Statistical analysis 61 100

Dispersion parameters 45 73.8

Coefficient of variation 1 1.6

Table 3. Frequency of statistical tests used in the studies assessed

Statistical Test
Shear bond strength test

N %

ANOVA 39 63.9

t-Test 18 29.5

Tukey 14 23.0

Student-Newman-Keuls 9 14.8

Duncan 4 6.6

Fischer’s exact 2 3.3

Sidak 2 3.3

Dunnett 1 1.6

Scheffé 1 1.6

Wilcoxon-Mann-Whitney 1 1.6

Kruskal-Wallis – –

Others 3 4.9

important information to be found for research and practice. 
The MEDLINE database covers over 4800 journals pub-
lished in the United States and in over 70 other countries 
from 1966 up to the present, and for this reason, has become 
indispensable for the development of biological sciences15, 

especially Dentistry.
With the development of new adhesive systems that 

present greater bond strength, shear strength and tensile 
tests have shown high incidence of cohesive fractures 
in dentinal substrate during the tests16. This fact can be 
associated with a non-uniform stress distribution at the 
adhesive interface17. Due to the larger adhesion area, bub-
bles may occur in the bond area, and the test may allow 
a non-homogeneous dissipation of stress in the speci-
men during test specimen “breakage”. To minimize this 
inconvenience18, the microtensile test was introduced in 
Dentistry, which seems to demonstrate a better stress dis-
tribution, and a lower number of defects at the interface, 
thus minimizing the incidence of cohesive fractures when 
compared with conventional shear tests.  Furthermore, the 
variability associated with the microtensile test dimin-
ished to 10-25%, instead of  30-50% commonly found in 
conventional tests, guaranteeing greater precision in the 
results19. Shear strength tests are, however, still frequently 
used, due to the ease of preparing and obtaining specimens, 
and also because it is presented as a recognized method 
in the literature.
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Table 4. Distribution of the coefficient of variation values for the variable shear bond strength using human teeth

Coefficient of variation (%)
Low Medium High Very High

Shear bond strength test ≤ 18.46 18.46 < CV ≤ 25.88 25.88 < CV ≤ 34.00 > 34.00

The use of adhesive restorative materials has allowed 
conservative techniques to be applied for restoring dental 
surfaces20. Therefore, the study of new adhesive materials 
by means of laboratory tests has been of great importance 
for their development and improvement. Among the tests 
available for analysis, shear tests are widely used with the 
main objective of determining the strength of the bond in-
terfaces, adherence capacity, resistance to cutting, as well as 
to quantify the performance of the materials under torsion21. 

Adhesive systems were developed to allow sealing between 
the restoration and the dental substrate22. However, should 
the bond fail, there is the possibility that microleakage will 
occur (passage of bacteria, fluids, chemical substances, mol-
ecules and ions between the tooth and restoration), which 
could harm the longevity of the restoration, contributing to 
the appearance of staining, recurrent caries and adverse pulp 
response, in addition to post-operative sensitivity23.

Thus, it is necessary determine the number of samples 
necessary for experiments in the area, as well as the type 
that use shear strength tests. The aim is to work with the 
lowest possible coefficient of variation, since the lower the 
CV, the greater will be the data homogeneity, and the lower 
the random variation24. Some authors have emphasized the 
importance of the CV in planning experiments, determining 
sample sizes and estimating the populational mean7.

Conclusion

The results obtained in a research involving shear 
 strength tests can be reliable, however, it is necessary to 
regularize the CVs presented in these articles, in order to 
reduce the chances of errors, and allow researchers to de-
termine their results with precision.
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