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Abstract 

 

At present, various implant abutments are available, but the effect of abutment design on the implant and surrounding bone of 

an implant supported single crown in the posterior region is limited. The purpose of this study was to investigate the maximum 

von Mises stress, stress distribution pattern and stress accumulation of implant supported by a single crown with various 

abutment designs in the posterior region. 

A dental implant (4.5 mm in diameter and 11.5 mm in length), with three different implant abutments, i.e., Rigid, Transfer, 

and customized titanium abutments, with zirconia crowns, were modeled using geometric data in SolidWorks. ANSYS 

software was used for analysis of applied loads (200 N vertical and 40 N horizontal) at a functional area with 1 Hz for 

5 seconds. 

The results showed that the patterns of stress distribution in all models were similar, i.e., the maximum von Mises stresses 

were observed at the first thread of the implant fixture on the buccal side. In the bone, the maximum stress was observed at 

the marginal bone contact area with the first thread of the implant. The stress was concentrated at the implant fixture-abutment 

screw interface in the bottom area on the buccal side. The model with a customized abutment (model 3) had a lower maximum 

von Mises stress, compared with the prefabricated abutment models (models 1 and 2) in all components except the abutment. 

A customized titanium abutment can provide better biomechanics than a prefabricated abutment. There is a lower 

maximum stress with a continuous stress distribution pattern, and the stress accumulation is less in the implant fixture. The 

stress in the abutment screw was distributed continuously with less stress concentration, and the stress is distributed uniformly 

to the bone with a low stress value. 
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1. Introduction 

 

 Nowadays, implant supporting a single crown has 

become an optimal treatment for a single tooth replacement 

to restore the patient function, comfort and esthetics [1]. The 

success of implant treatment does not rely only on 

osseointegration, but it should be able to support a prosthesis 

function without pain, mobility or any signs and symptoms 

of local disease. Previous studies have demonstrated high 

survival rates of implants of a single tooth (>96.8%) and 

multiple teeth (>94%) [2-5]. Despite a high success rate in 

implant treatment, complications can still occur, e.g., peri-

implantitis and soft tissue complications (9.7%), bone loss 

exceeding 2 mm (6.3%), implant fractures (0.14%), screw or 

abutment loosening (12.7%), screw or abutment fracture 

(0.35%) and ceramic or veneer fractures (4.5%) [5]. The 

common complications were related to the mechanical 

aspects [6]. According to the literature, implant failure was 

frequently induced by improper biomechanics of the dental 

implant, i.e., design and material of the abutment, unsuitable 

torque on the  abutment screw  when  it  is  tightened  into  the  

implant or stress distribution within the restoration [7]. 

Additionally, the occlusal force distribution is an important 

factor that can lead to implant failure, especially in the 

posterior region [8-10].  

 Improper biomechanics can occur in an early stage of 

treatment due to insufficient osseointegration between 

implant and surrounding bone. Then, the bone tissue could 

be replaced with fibrous connective tissue, so the implant 

cannot resist normal function forces [11]. Furthermore, 

implant failure can occur after insertion due to improper 

design of the implant fixture or abutment, i.e., the hole at the 

apical area of the implant fixture in the Zimmer® (Biomet 

3i, USA) implant system, leading to a stress concentration in 

implant fixture and abutment. The smaller collar abutment in 

the SPI® (Alpha-Bio Tec, USA) implant system can increase 

the stress concentration in the cortical bone [12]. Thus, 

improper design may result in an overload of the abutment 

screw [7]. Micro-fractures at the bone-implant interface lead 

to implant failure [13]. Moreover, a general mechanical 

failure  can  also  occur,  i.e.,  fracture  of  the  implant  fixture, 
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 abutment screws, bridge framework or ceramic coating of 

the restoration [11].  

 Bone is a self-adaptive material. In situations in which 

there is a change in the surrounding stress, the bone tissue 

structure can adapt by itself following the change of loading 

force. This phenomenon is called bone remodeling and it 

frequently occurs after the alteration of normal biological 

stress, which can lead to bone resorption. Meanwhile, 

implant supported restoration should be designed to transmit 

stress similar to the natural level through the tissue and 

surrounding bone. If the stress is greatly exceeded, it can 

induce osteoclast activities of the bone, which result in bone 

resorption and can lead to implant failures [14]. Furthermore, 

it will show unnatural phenomena with adjacent teeth, such 

as contact opening or spontaneous intrusion [15]. These may 

be due to the differences of stress distribution around the 

implant from adjacent teeth, since the periodontal ligament 

is lost after implant placement [14]. The long term effect of 

stress concentration at the implant and surrounding bone is 

still unclear. Therefore, it is important to verify this 

phenomenon to reduce undesirable stresses that occur in the 

bone. Hence, the biomechanics of dental implants has 

become an attractive area of research to improve the 

restoration methods for implant treatment. 

 From the problems above, several researchers have 

contributed to the developing of new abutment designs [16] 

to maintain good oral hygiene [17], optimize the load transfer 

from prosthesis to implant and surrounding bone [16], 

decrease abutment micro-movement and reduce stress 

concentration in the implant components [18]. A good 

candidate design to solve this problem is the custom 

abutment. It provides many advantages, e.g., optimal design 

of the crown contour, emergence profile and crown margin, 

and proper abutment design for individual patients [12]. 

Furthermore, it can reduce stress in implant components 

[19]. All of these factors can affect biomechanics. 

 However, there is an insufficient evidence base to 

address this issue and it is not easy to obtain a clinical or 

laboratory study because of the limitation of patients, finance 

and methodology [20]. To study the effect of stress, the finite 

element method and parameterization optimum design 

techniques have been used extensively [21]. Studying stress 

concentration can be applied from a minimum to a maximum 

extent by performing multi-parameter optimization of the 

implant. Therefore, this method may provide more 

information on a proper dental implant component design 

that can distribute the occlusal load correctly to the 

surrounding bone to achieve the best biomechanics [7]. It can 

reduce the manufacturing costs over those incurred if each 

sample is actually built and tested [7, 21-22]. The aim of this 

study was to analyze the stress distribution in restorations 

supported by dental implants with various implant abutment 

designs in a mandibular first molar. 

 

2. Materials and methods 

 

2.1 Three dimesion (3D) model preparation 

 

 In this study, CAD models of implant components and 

related structures were created by SolidWorks (SolidWorks 

Version 2014, Dassault System, France). The OSSTEMTM 

implant series TS III (OSSTEM, Korea) was selected as a 

representative of a commercially available implant fixture 

and abutment design. The customized abutments were 

designed based on the Zirkonzhan system (Zirkonzahn, 

Italy). A summary of the CAD model is given in Table 1. 

 

2.2 Finite element modeling 

 

 Three different models were used in the analysis related 

to the abutment models (Figure 1).  Each model had five 

components, i.e., the abutment (Figure 1), crown, abutment 

screw, implant fixture and bone (cortical and cancellous), as 

shown in Figure 2. The abutment and screw were connected 

as one body, except in model 1, as shown in Figure 3.

 

Table 1 Components of the CAD model and their dimensions in the study. 

 

Components Details Width (mm) Length (mm) 

Bone Cortical bone 7.6  12.5 

 Cancellous bone 2 (thickness)  

Fixture OSSTEMTM implant TS III 4.5 11.5 

Abutment Rigid abutment 4.5 11.5 

 Transfer abutment 4.5 8.5 

 Customized titanium abutment 7.6 10.5 

Screw Abutment screw 1.2 5 

Crown Zirconia crown   

 

 
 

Figure 1 The abutment models in this study: (A) Rigid abutment, (B) Transfer abutment, (C) Customized titanium abutment. 
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Figure 2 Component models in this study: (A) Cortical (brown) and Cancellous bone (gray), (B) Implant fixture, (C) Abutment 

screw and (D) Zirconia crown. 

 

 
 

Figure 3 The crosssection view of 3D design models of bone (brown) , implant (black) , abutment screw (gray) , titanium 

abutment (gray), zirconia crown (ivory) in each model. 

 

 
 

Figure 4 Mesh independence test graph. 
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Table 2 Material properties of implant fixture, implant abutment and crown materials. 

 

Materials/ properties Young’s modulus (GPa) Poisson’s ratio Yield Strength (MPa) 

Titanium CP grade IV [23] 110 0.3 550 

Zirconia (ZrO2) [24] 200 0.35 1000 

 

Table 3 Anisotropy elastic coefficients for cortical and cancellous bone. 

 

*Ei represents Young’s modulus (GPa); Gij represents shear modulus (GPa); vij represents Poisson’s ratio. 

**The y-direction is infero-superior, the x-direction is medial-lateral, and the z-direction is anterior-posterior. 
 

 
 

Figure 5 Model after the final meshing : (A) isometric view 

and (B) Crossection view. 

 

 
 

Figure 6 The boundary and loading conditions: (A)  Fixed 

support area and (B)  Loading area on functional cusp and 

groove. 

 

2.3 Models meshing 

 

 The assembled models were transferred from 

SolidWorks to the ANSYS program (ANSYS Inc., USA). 

The specifications of mechanical properties of each model 

component were assigned (Table 2 and Table 3) and all 

components were assumed to be homogeneous with isotropic 

and   linear  elastic  behavior,  except  bone  was  assumed   as  

anisotropic. After that, the mesh independence method was 

used and the result showed that the suitable element size was 

0.6 mm. (Figure 4). The model was meshed with the 

tetrahedron method. The number of elements was 

approximately 100,000, with approximately 150,000 nodes. 

The meshed model is shown in Figure 5. 

 

2.4 Boundary and loading conditions 

 

 A fixed support was selected at mesial and distal surfaces 

of the bone model, assuming no displacement in the x, y and 

z directions (Figure 6A) .  A quasi- static load was 200 N in 

the vertical (-Y) and 50 N in the horizontal (-X) direction 

[27-28] and was applied on a 4 functional loading area along 

the axis of the implant (Figure 6B) [29] at 1 Hz for 5 seconds 

( Figure 7) .  These estimations of 1 Hz were based on the 

assumption that an individual has three episodes of chewing 

per day, each 15 min in duration at a chewing rate of 

60 cycles per minute (1 Hz) . This is equivalent to 

2700 chewing cycles per day or roughly 1,000,000 cycles per 

year [30]. In the literature, FEM implant studies often used a 

static analysis.  However, in a real situation, teeth do not 

come into contact just one time ( static) . Rather, they are in 

contact with opposing teeth many times ( dynamically) 

during chewing.  Additionally, the dynamic load might be 

increased by 10-20% to the implant above the static loading, 

which may be the cause of fracture or fatigue failure of the 

prosthesis [31-32]. 

 Moreover, nonlinear contact zones were defined at 

implant abutment, implant- screw and abutment- screw 

interfaces.  Contact analysis assured the transfer of the load 

and deformation between the different components.  The 

coefficient of friction was taken as 0. 4 between all the 

titanium–titanium interfaces [33]. However, in this study, it 

was assumed that the contact between thread of the abutment 

screw and thread of the implant screw hole was completely 

seated and was not permitted to shift or displace, hence the 

effect of screw movement was excluded in this study. A bond 

contact was applied between the crown and the abutment in 

all models. As shown in a previous FEM study, the effect of 

the cement layer on the stress distribution was negligible 

[34]. The bone- implant interface was assumed to be fully 

osseointegrated. The components in the model were all 

assumed to be homogeneous and isotropic. They were also 

linearly elastic, except the bone. It was assumed to be 

anisotropic according to the material properties from studies 

by Schwartz-Dabney in 2003 [25] and O’Mahony in 2000 

[26]. These were inherent limitations of this study. 

Bone/properties Ey Ex Ez Gyx Gyz Gxz vyx vyz vxz 

Cortical [25]  12.7 17.9 22.8 5.0 7.4 5.5 0.18 0.28 0.31 

Cancellous[26] 0.21 1.148 1.148 0.068 0.434 0.068 0.055 0.322 0.055 
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Figure 7 Magnitude of loading force in five seconds, both vertically (blue) and horizontally (red). 

 

 
 

Figure 8 The von Mises stress accumulation in various components of each model. 

 
2.5 The Results interpretation 

 

 As the numerical values gained from stress analysis are 

mathematical calculations without variance, statistical 

analyses were not required as in a routine procedure for a 

conclusion. However, an interpretation of stress analysis 

results for clinical applications is necessary. Nevertheless, 

there are no explicit guidelines in the literature, or any 

suggestions regarding the kind of stresses that must be used 

in the explanation. This study focused on the stress 

distribution pattern in the implant components through the 

bone.  Therefore, von Mises stress was used for result 

interpretation.  

 

3. Results  

 

3.1 The von Mises stress accumulation 

 

 According to the literature, results have been interpreted 

in two common ways, maximum stress and stress 

distribution.  Nevertheless, the maximum stress could be           
in error by improper modeling ( an edge, ledge, or gap                   
in the model) , improper meshing, and errors in processing. 

Moreover, the stress distribution was shown in color      
patterns and described in 2D, which explained behavior            
of stress distribution area in two directions. Only two            
aspects of results do not satisfactorily address the 

biomechanics in dental implants.  Therefore, Von Mises 

stress accumulation was used to explain the stress 

transmutation in the model and stress accumulation in each 

component. The stress transmutation represents force 

transmission, gives information to explain the biomechanics 

in dental implants. 

 The stress values of every element of all models were 

exported. Then all stress values in each component were 

computed as a percentage of total stress in that model. This 

is presented as a pie graph to show the trends of stress 

accumulation in the models (Figure 8). The von Mises stress 

accumulation in every model primarily accumulated at the 

implant fixture and cortical bone. The highest cumulative 

stress of implant fixture was observed in model 1 (69.59 %), 

and the lowest cumulative stress was observed in model 3 

(50 %). In the customized abutment (model 3), the stress was 

accumulated less in the fixture and cancellous bone than in 

other models. Rather, the stress was accumulated more in the 

cortical bone, abutment and abutment screw than in other 

models. 

 

3.2 The maximum von Mises stress  

 

 In this study, the normal stress value in each axis was less 

than the tensile strength and compressive strength of the 

abutment material. Thus, no components in this study 

fractured.  

 The maximum values of stress in each model are shown 

in Figures 9 and 10. The results showed that the patterns of 

stress distribution in all models were similar (Figure 11). The 

highest maximum stress was observed at the first thread of 

the implant fixture on the buccal side. In the cortical bone, 

the maximum stress was observed at the marginal bone 

contact area with the first thread of the implant. Furthermore 

the stress was concentrated at the implant fixture-abutment 

screw interface in the bottom area at the buccal side. The 

model with a customized abutment (model 3) had a lower 

maximum von Mises stress compared to the implants with 

prefabricated abutments (models 1 and 2) in all components 

except in the abutment. 
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Figure 9 Histogram of the maximal von Mises stresses in the fixture, abutment screw and cortical bone components. 

 

 
 

Figure 10 Histogram of the maximal von Mises stresses in the abutment, cancellous bone and crown components. 

 

 
 

Figure 11  The von Mises stress distributions of all models in buccolingual cross-sectional images. 

 

3.3 The von Mises stress distribution of each component  

 

 The stress distribution in the cortical bone (Figure 12) 

was predominantly concentrated around the bone-implant 

contact interface area. In the occlusal view, a high stress 

concentration was observed on the buccal and distal side. 

Moreover in the buccolingual cross-sectional view, the stress 

was concentrated more on the buccal side than on the lingual. 

 The stress distribution in the cancellous bone (Figure 13) 

was observed at the bone-implant contact interface. Stress 

was concentrated more on the buccal side than on the lingual. 

In the stress distribution pattern of model 2, stress was 

concentrated more on the buccal side to a greater degree than 

in other models, and in model 1, stress was concentrated 

more on the lingual side than in other models. 

 The stress distribution in the fixture (Figure 14) in the 

buccal view, a high stress concentration (red) was observed 

in zone A of the implant (1st and 2nd thread). In model 2, the 

stress distribution was restricted to zone B with a 

discontinuous pattern. Model 1 showed a continuous stress 

distribution to zone D. The stress distribution pattern, in the 

model with a customized abutment (model 3), was 

continuously distributed to zone C. In the buccolingual 

cross-sectional view, a high stress concentration was 

observed at the implant-abutment connection and the thread 

of the screw hole. The model with a customized abutment 

(model 3) had a lower stress concentration than the models 

with prefabricated abutments (models 1 and 2), especially at 

the thread of the screw hole. Model 1 demonstrated the 

largest  stress  concentration  area  (zones  A  and  B),  but  the  
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Figure 12  The von Mises stress distribution at the cortical bone in an occlusal view (upper) and buccolingual cross-sectional 

view (lower). 

 

 
 

Figure 13  The von Mises stress distribution in the cancellous bone in an occlusal view (upper) and buccolingual 

cross-sectional view (lower). 

 

stress could be distributed to zone C. In model 2, the stress 

was restricted to zone B in a discontinuous pattern. 

 The stress distribution in the abutment screw (Figure 15), 

in the buccal view the stress concentration was observed at 

the middle portion and at the threads of the abutment screw. 

A high stress concentration in the model with a customized 

abutment (model 3) was less than the models with 

prefabricated abutments (models 1 and 2), especially at the 

threads of the screw. In the buccolingual cross-sectional 

view, a high stress concentration was observed in the middle 

portion and at the threads of the abutment screw. The stress 

was concentrated at the buccal side more than on the lingual 

side. The stress distribution in the model with a customized 

abutment (model 3) was distributed continuously along the 

screw. In the prefabricated models, model 1 showed the 

highest stress concentration. In model 2, the stress was 

restricted to the upper part of the screw in a discontinuous 

pattern. 

  

 In the buccal view of the stress distribution in the 

abutment (Figure 16), the stress concentration was observed 

at the conical and hexagonal surface of the internal 

connection. The model with a customized abutment (model 

3) had a lower stress concentration than the models with 

prefabricated abutments (models 1 and 2), especially at the 

hexagonal surface. The stress distribution in the model with 

a customized abutment (model 3) was distributed 

continuously along the conical and hexagon surfaces. In the 

prefabricated models, model 1 showed the highest stress 

concentration, especially at the abutment-screw connection. 

In model 2, stress was restricted to the upper part of the 

abutment in a discontinuous pattern. 

 The stress distribution in the crown (Figure 17) was 

observed at the crown margin. In the customized abutment 

(model 3), stress was concentrated on the buccal and lingual 

sides, whereas in the prefabricated models (models 1 and 2) 

the stress was concentrated only on the buccal side. 
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Figure 14  The von Mises stress distribution of fixture in buccal view (upper) and buccolingual cross-sectional view (lower). 

 

 
 

Figure 15  The von Mises stress distribution of abutment 

screw in buccal (upper) and buccolingual cross-sectional 

(lower) views. 

 

4. Discussion 

 

 Loading conditions are an important consideration in 

FEM. In the current study, a combined load (vertical and 

horizontal) was used. This load was used as it is more 

realistic than using only a vertical load [35]. A non-axial load  

 
 
Figure 16  The von Mises stress distribution of abutment in 

buccal view (upper) and buccolingual crossection view 

(lower). 

 

will create tensile stress and a bending movement was 

applied to each component. This can lead to the destruction 

of an implant, connection components or peri-implant       

bone [36]. The loading area is also affected. Several        

studies used a cusp-to-fossa relationship with maximal 

intercuspation with no eccentric or interceptive occlusal 
contacts.  Furthermore  when  occlusal  force  occurs  during  
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Figure 17  The von Mises stress distribution in a crown in buccal view (upper). 

 

chewing, it transmits through the functional cusps that 

contact with the fossa of the opposing tooth to the implant 

component. However, occlusion of the dental implant was 

usually developed with a protected occlusion [37], in which 

the contact area at functional cusps is absent. This study 

considered a worst case scenario in which the load was 

applied in a group function occlusion. Hence, the loading  

was applied to the functional area of the anatomical crown, 

and these areas were selected in this study. This is more 

reasonable and clinically relevant than applying it directly to 

the abutment [22, 38]. Thus, in the current study, a 200 N 

vertical load [27], combined with a 50 N horizontal load [39- 

40] was applied to the function cusps and fossa of an 

anatomical crown that simulates a chewing force in the 

oblique direction.  

 In the present study, stress was concentrated more on the 

buccal side than the lingual side of the implant-abutment 

complex. This resulted in a slight displacement of the crown 

in the buccal direction. Sakaguchi and Borgersen, in 1993, 

reported the separation between a gold screw and the crown 

was related to a high stress concentration on the buccal 

portion compared to the lingual portion of the abutment-

implant complex [41]. Cehreli et al., in 2004, also reported 

horizontal implant displacement resulting from application 

of vertical or oblique loads [42]. The separation between the 

crown, abutment, and screw had arisen from micro-

movement of the implant system. If this deformation 

occurred, it could result in a fracture or loosening of the 

abutment screws [42] and bone loss around the implant [43]. 

They concluded that linear elastic analysis does not simulate 

the contact behavior that results in increasing stress 

distributions in regions where clinical failures usually occur 

[41]. The clinical behavior of implant components must be 

considered in non-linear analysis. Previous studies used 

linear elastic analysis, which does not allow for plastic 

deformation or separation at the contact area. Contact 

analysis demonstrates separations at the crown-abutment 

interface and crown-retaining screw interface, which are 

consistent with those found in an in vitro simulation in a 

servohydraulic robotic testing instrument [44]. A non-linear 

contact analysis would be a more realistic method to simulate 

the micro-motions that can potentially occur between the 

components with a frictional coefficient used to define the 

interfacial conditions [21]. 

 In this study, the stress was concentrated at the abutment-

implant complex in all models, especially on the abutment 

screw, which may be related to frequent complications. 

Corresponding to the systematic review of the complications 

by Jung et al. in 2008, failures included screw or abutment 

loosening 12.7%), screw fracture (0.35%) and bone loss 

exceeding 2 mm (6.3%) [5]. The incidence of bone loss 

conformed to the maximum von Mises stress in this study, 

stress concentrated around the implant thread, especially the 

upper portion of the implant, i.e., the first and second threads 

of the implant. This could be related to cortical bone 

resorption around the implant. 

 The maximum von Mises stress in the cortical bone was 

found in model 2 (36.91 MPa). The stresses which occurred 

under the conditions of this study (model, loading conditions 

and material properties) were lower than the ultimate tensile 

and compressive strength of cortical bone. The ultimate 

tensile and compressive strength values for cortical bone are 

121 MPa and 167 MPa, respectively [45]. Hassler et al. [46] 

in 1980 evaluated bone remodeling in rabbit calvarium with 

strain gauges and FEM. They reported that bone formation is 

positive for compressive stresses between 0 and 360 psi (0 to 

2.48 MPa). At stresses above 400 psi (2.75 MPa), little or no 

bone formation occurs, but destruction of bone is not seen 

until the stress levels approach 1,000 psi (6.9 MPa). The 

values obtained in cortical bone in the present study were 

higher than those of Hassler et al.  This variation may 

originate from the differences between the elastic moduli of 

cortical bone (defined as 17.9 GPa) and rabbit calvarium 

(defined as 0.689 GPa). The elastic modulus of rabbit 

calvarium is approximately 20 times lower than the elastic 

modulus of human cortical bone. Differences in the direction 

and amount of loading may also affect the modulus of 

elasticity.  

 In this study, the comparison between models with 

prefabricated abutments (models 1 and 2) and a model with 

a customized abutment (model 3) exhibited similar trends for 

maximum stress and stress distribution (Figure 11). The 

model with a customized abutment had a lower maximum 

stress with continuous stress distribution patterns. The stress 

was less in the implant fixture. In the abutment screw, the 

stress was distributed continuously and there was less stress 

concentration. The stress was distributed to the bone at a low 

level. This is because the customized abutment has a collar 

on the abutment that is bigger than the prefabricated 

abutment. The larger collar can distribute stress better. This 

is in agreement with Mammadzada et al. (2011). They 

concluded that the shape of the abutment had a direct 

relationship to the stress distribution on the abutment, 

implant fixture and bone [12]. This trend can indicate that the 

model with a customized abutment can provide better 

biomechanics for implant supported single crown 

restoration, in agreement with Kim et al. (2013), who 

compared various abutment types using FEM and an in vitro 

study (Transfer, Custom Fit™, ZioCera and MYPLANT 

Zirconia Hybrid abutments). The results showed that using a 

customized abutment can improve the fracture resistance of 

a restoration [47]. A retrospective study by Korsch (2015) 

revealed that a customized abutment had an incidence of 

screw loosening of 3.1% (3 from 96 total), whereas 
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prefabricated abutments loosened at a rate of around 8% (25 

from 312 total). They concluded that the use of a customized 

abutment can reduce screw loosening in implant supported 

single crown restorations. However, this study reported the 

incidence in the anterior region [48].  

 In a natural tooth, it is obvious that chewing force 

distributes continuously through the surrounding bone along 

the periodontal ligament [45]. Thus the biomechanics of 

dental implants should present similar behavior. A dental 

implant system should be able to distribute stress into the 

bone in a continuous pattern. In the present study, the 

customized abutment model (model 3) exhibited a 

continuous stress distribution pattern with low stress in the 

surrounding bone. 

 

5. Conclusions 

 

 The results showed that a customized abutment can 

provide better biomechanics than a prefabricated one. There 

was a lower maximum stress with a continuous stress 

distribution pattern, and a lower stress accumulation in the 

implant fixture. The stress in the abutment screw was 

distributed continuously with less stress concentration, and 

the stress was distributed and accumulated to the bone at 

lower levels. The von Mises stress accumulation provides a 

new aspect of stress analysis in FEM.  

 In future, more laboratory tests and clinical trials are 

necessary to further confirm the findings of the present study, 

i.e., the optimization of abutment design, the effect of 

screws, the torque removal from the retention screw and long 

term follow up in patients. 
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