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Abstract—A numerical and experimental study of the new 

method for determining the adhesive bond strength of fiber 

posts, called by the authors the "torque-out" test, is 

considered. In contrast to the known methods of testing the 

push-out test and the pull-out test, in which a tensile or 

compressive load is applied to the sample, the load is 

produced by the torque. Samples for determining the 

adhesive strength of a particular post-cement combination 

can be made in a clinical setting without using of special 

equipment. Testing of samples is carried out on a compact 

installation developed by the authors, designed to evaluate 

the adhesive strength of a joint in clinical conditions 

according to the magnitude of the limiting torque. The 

numerical study of the adhesive strength of the connection 

of fiber posts and luting cements and the comparison of the 

stress-strain state arising in the samples during the push-out 

and torque-out tests is performed using mathematical 

modeling such as the finite element method.  
 

Index Terms—fiber post, adhesive bond strength, finite 

element method, torque-out test. 

 

I. INTRODUCTION 

In recent years, restoration strengthening by using 

intracanal dental posts has gained popularity [1, 2, 3]. 

Fiber posts are luted adhesively in root canals of the teeth 

with composite cement. However, according to the 

published data, due to the weakness of the adhesive 

compound, more than 60% of the failures [4] are 

associated with construction’s "debonding". A large 

number of foreign studies [4, 5, 6] are known, devoted to 

the search for rational post pretreatment and fixation 

methods. The actual practical task is the development of 

an accessible technique that allows evaluating the 

adhesive bond strength of intracanal constructions. 

Studies that assess the bond strength of fiber posts 

usually are carried out in laboratory conditions, and are a 

fairly complex procedurerequiring special equipment. [5, 
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6, 7, 8, 9]. Standardized conditions for the assessment and 

direct measurement of the adhesion value of fiber posts 

and luting cements fixation have not been developed to 

date. 

Microshear and microtensile tests are the two 

fundamentally different approaches in studying the 

adhesive joints strength. When conducting microshear 

tests, one of the adhesion substrates is fixed immovably, 

and force acting in the direction of the axis parallel to the 

contact plane between the substrates is applied to the 

other. During the test, the maximal force that occurs 

when the sample is destroyed is determined. The tests of 

the first group include the so-called micro "push-out" and 

"pull-out" tests. When implementing a micro push-out 

test, the fragment of the post is extruded from the 

prepared sample obtained by horizontal saw cuts of the 

preparation. When carrying out a pull-out test, the pin 

previously locked in the prepared preparation is pulled. 

Microshear tests are widespread today, but among their 

main drawbacks, it should be noted a significant 

frequency of cases of cohesive destruction of the 

substrate. This is due to the emergence of a complex load 

distribution scheme during the test and may lead to 

erroneous interpretation of the results [7]. 

The second group includes microtensile tests [6, 10, 

11], in which force is applied along an axis directed 

perpendicular to the plane of the adhesive compound. The 

microten-sile test was originally developed to evaluate 

the strength of tooth tissues, but was later used to 

measure the adhesive bond strength to enamel and dentin 

[3]. In this test, preparation of test specimens requires 

cutting the sample into "bars" containing a fragment of 

the post, the fixing cement and the area of the adhesive 

bonding be-tween them. Then the stretching load is 

applied to the preparations until the moment of 

destruction. The small size of the samples provides a 

fairly even distribution of the load, which limits the 

possibility of cohesive fractures and helps to evaluate the 

adhesive bond strength directly [7]. In addition, from one 
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sample it is possible to obtain several fragments for 

testing, which leads to a smaller scatter of data. At the 

same time, it is noted in [3] that 46 (!) specimens out of 

50 were subjected to premature failure in the preparation 

of samples for a microtensile test, which forced the 

authors to abandon the application of this method. The 

main disadvantages of these methods are their complexity, 

a complicated sample preparation methods (procedure, 

protocols), and the use of special high-precision process 

equipment, the direct conduct of the experiment requires 

the use of expensive stationary equipment [12] and 

practically inaccessible for practitioners. 

II.  THE METHODOLOGY ESSENCE 

The proposed new method of measuring the adhesive 

bond strength of fiber posts proposed by the authors was 

called the “torque-out” test. 

 

Figure 1. 
 

Testing installation for torque-out test. 

Unlike the known test methods described above (push-

out test and pull-out test), in which a tensile or 

compressive load is applied to a sample, the samples are 

loaded with a torque. The description of the compact 

installation (Fig. 1) designed by the authors for the 

evaluation of the adhesive strength of the joint in terms of 

clinical conditions by the magnitude of the limiting 

torque, as well as the method of sample preparation and 

carrying out the torque-out test are given in [12]. A patent 

has been received for the proposed method and the 

developed installation (Fig. 2).  

 

Figure 2.  Instalation diagram (frame (1), template (2) for posts (10), 

collet clamp (3), shaft (4), translating the torque, strain gauge sensor (5), 
micrometer screw (6), controller (7), personal computer (8) and wires 

(9)). 

The measurement is carrying out this way: posts (10) 

are installed in the template (2), luting cement is 

introduced into the recess around the posts for fixation 

and polymerized according to the manufacturer's 

instructions.  The template is fixed in a special slot on the 

frame (1) of the device. The test post is fixed by means of 

a collet clamp (3), wherein the strain gauge sensor (5) is 

set to its original position, controlled by a micrometer 

screw (6). Using the program installed on the computer, 

the torque value is reset. The successive rotation of the 

micrometer screw (6) affects the strain gauge sensing 

element (5), connected through the shaft (4) and the collet 

with the test pin. The torque value is shown in the 

diagram. Upon reaching the destruction of the maximum 

torque value is fixed and the loading process stops. 

Samples for research are made with the use of posts 

and cements in a clinical setting without the use of 

technological equipment for cutting. The developed 

compact torque measuring device allows the evaluation 

of the adhesive strength of the joint without the use of 

stationary test equipment. The change in the torque value 

over time is shown in the computer diagram (Fig. 3). 

 

Figure 3.  Screenshot of torque-out measurement. 

Upon reaching failure of the connection of the pin with 

the cement, the maximum torque value is fixed.  

III. THE METHODOLOGY ESSENCE 

To assess the possibility of using the developed 

torque-out test, measuring the adhesive strength of fixing 

fiberglass pins and luting cements, it is necessary to 

compare it with the methods described in the literature to 
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assess the reliability of measurements and the 

comparability of the results obtained with literature data. 

For this purpose, methods of mathematical modeling are 

used, in particular, the finite element method (FEM) [14, 

14, 15, 16, 17, 18, 19], which has been widely used in 

studies of the strength characteristics of materials and 

structures [19], which makes it possible to obtain a 

theoretical justification of the experimental results. 

The FEM implements a simple and fairly obvious 

algorithm for studying the behavior of a structure based 

on known information about the laws of behavior of its 

individual parts, called finite elements. In mathematical 

modeling of tests for approximating the interaction 

between a fiberglass post and fixing cement, the model is 

used as a set of individual finite elements. The behavior 

of each of the finite elements obeys pre-known ratios 

obtained on the basis of established theoretical or 

experimental dependencies that describe the process 

under study. 

For the analysis of the stress-strain state of the directly 

post and fixing cement, the relationships of the 

deformable solid body mechanics are used. In 

mathematical modeling, the pin and fixing cement are 

considered as a three-dimensional medium — a 

continuum endowed with certain mechanical properties. 

When a buoyancy force is applied (in the case of a push-

out test) or a torque (in the case of a torque-out test), the 

pin and adhesively bonded cement are deformed, and 

internal stresses arise in them. In the framework of the 

traditional approach, it is assumed that for the pin and 

cement materials it is possible to use the continuity and 

homogeneity hypotheses generally accepted in materials 

resistance [20]. Physical and mechanical properties of 

materials are taken in accordance with the manufacturer. 

To describe the stress-strain state of the structure, the 

classical relations of the elasticity theory are used. The 

three-dimensional environment is represented as a set of 

material points, each of which occupies a certain position 

in space, defined by the initial coordinates (x, y, z) in the 

Cartesian coordinate system. 

When a solid is deformed by an external load, each 

material point shifts to some neighboring point with 

coordinates (x, y, z). The components of the 

displacement vector are defined as the difference between 

the coordinates of the point before, and after the load is 

applied: 

{u} ={u, v, w}
т
    (1) 

Displacement of a set of material points leads to a 

change in the geometric shape of the body as a whole. 

The measure of shape change in a small neighborhood of 

the point in question is the longitudinal х, y, z and shear 

deformations xy,  yz,  zy. Small deformations are 

associated with displacements by Cauchy dependencies. 

In matrix form, the Cauchy relations are written as 

follows. 

{} = [R] {u}      (2) 

The deformation vector {} = {х, y, z ,xy, yz, zy}
т
 t 

is expressed in terms of the displacement vector {u} 

using the matrix of differential operators [R] of size (6x3). 

Note that three displacements uniquely determine six 

deformations, which indicates the necessity of the 

existence of three additional relations, known as the 

Codazzi-Gauss equations. 

The stress state at a body point is recorded using 6 

independent components of the stress state tensor, which 

can be conveniently represented in the form 

   Tzxyzxyzyx  ,,,,,
 (3) 

In accordance with Hooke’s law for an isotropic 

material, the relationship between the deformation vector 

{} and the stress vector is written as 

{} = [D]{}     (4) 

where [D] is the matrix of the elastic properties of the 

material. 

The equilibrium conditions of an elementary 

parallelepiped cut in a neighborhood of the point in 

question can be written as 

{R}
Т 

{} + {b} =0,     (5) 

here {} = {x, y, z, xy, yz, zx}
Т 

is the stress vector, 

{b} = {bx, by, bz} T is the vector of external forces 

distributed over the body volume. 

To obtain a closed system of equations, relations (5) 

are supplemented by boundary conditions given on the 

boundary of the body. 

As a rule, on part of the surface Su the boundary 

conditions are specified in the kinematic form 

{u} = {u}*    (6) 

here {u} * is the vector of specified displacements. On 

the remaining part Sp of the surface of the body, the 

boundary condition is specified in a static form: 

{p} = [C]{} = {p}*   (7) 

where {p} * is the vector of specified voltages, [C] is the 

matrix of the direction cosines of the normal at the 

current point on the body surface. 

The basic relations of the finite element method in the 

form of the displacement method can be obtained on the 

basis of the variational principle of the minimum of the 

total potential energy of the system, according to which 

the body is in equilibrium if the total potential energy of 

the system takes a stationary value. Using the variational 

principle allows one to write the equilibrium conditions 

of a finite element with the number - “e” in the form: 

[K]
(e)

 {a}
(e)

  = {f}
(e)

   (8) 

where the matrix [K]
(e)

 is the finite element stiffness 

matrix, {a}
(e)

 is the vector of unknown displacements at 
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the finite element nodes, {f}
(e)

 is the nodal force vector 

for the element with the number “e”. 

The stiffness matrix and the vector of nodal forces for 

an ensemble of finite elements are obtained by summing 

the corresponding values for individual finite elements. 

The finally resolving relations of the FEM are 

represented in the form of a system of high-order linear 

algebraic equations: 

[K]{a} = {f}    (9) 

When conducting a numerical study, the modulus of 

elasticity of the first kind and the Poisson ratio for the pin 

were taken to be equal to the characteristics of dentin [16, 

17]: Е1 = 18.6 GPa and ν1 = 0.31. The corresponding 

parameters for cement were E2 = 5.1 GPa, and ν2 = 0.27. 

Materials assumed to be homogeneous and isotropic. 

The finite element method [14, 19] carried out a 

numerical simulation of the proposed torque-out test (Fig. 

4) and the well-known push-out test (Fig. 5). 

  

Figure 4.  Finite element model for torque-out test.  

  

Figure 5.  Finite element model for push-out test.  

Figs. 6 and 7 show color graphic diagrams of the 

equivalent stresses distribution according to the Huber-

Mises theory [15], Figs. 7 and 8 show graphs of the 

distribution of equivalent stresses along the height of the 

cement layer. The samples were loaded with a torque of 

M = 6 N * mm and an ejection force equal to 10 N, 

respectively. 

 

Figure 6.  Color graphic chars of the equivalent stresses distribution for 
torque-out test.  

 

Figure 7.  Color graphic chars of the equivalent stresses distribution for 
push-out test.  

To compare the results of the analysis of the stress-

strain state, we used the averaged value of shear stresses. 

With respect to the push-out test, the averaged tangential 

stress level was estimated using the formula: 

yz

F

Dh



  

Where D is the diameter of the pin, h is the thickness of 

the cement layer. 

With respect to the torque-out test, the average level of 

tangential stresses was estimated using the formula: 

2

2
xz

M

D h



  

Equating the average level of the tangential stresses of 

the tests under consideration, we can establish an 

approximate correspondence between the load 

parameters: 

2

FD
М   

Graphs of the equivalent stress distribution over the 

height of the cement layer are shown for torque-out test 
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(Fig. 6) and for push-out test (Fig. 7). The results of 

calculation are compared with experiments held by 

methods in [20, 21].  

 

Figure 8.  Graph of the equivalent stresses distribution along the height 
of the cement layer for torque-out test.  

 

Figure 9.  Graph of the equivalent stresses distribution along the height 
of the cement layer for push-out test.  

The nature of the stress distribution allows us conclude 

that there is a qualitative coincidence of these 

dependencies for torque-out and push-out tests, which 

makes it possible to compare the experimental data. 

IV. CONCLUSION 

1. The developed technique, called the torque-out 

test, makes it possible to evaluate the adhesion strength of 

dental posts and fixing cements and to make an informed 

choice of the restoration method in a specific clinical 

case. 

2. The results of numerical simulation have shown 

that it is possible to compare the test-to-test data with 

other known techniques for determining the adhesive 

bond strength. 
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