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ABSTRACT  

 

Screw stability depending on shoulder 

coverage of tissue level implants by using 

finite element analysis and in vitro study 

 

Hag-Young Lee 

 

Department of Dentistry 

The Graduate School, Yonsei University 

(Directed by Professor Jee-Hwan Kim, D.D.S., M.S.D., Ph.D.) 

 

Tissue level internal connection implants are widely used, but the difference in 

abutment screw stability due to the shoulder coverage formed by the contact between the 

shoulder of the implant collar and the abutment remains unclear. The purpose of this study 

was to investigate abutment screw stability according to the difference in shoulder coverage 

of the abutment in tissue level internal connection implants through a finite element 
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analysis (FEA) and in vitro studies. A tissue level internal connection implant, abutment, 

abutment screw, crown, and bone were modeled for FEA. The abutments were set up in 

three groups according to the shoulder coverage of the implant collar: full coverage (full 

group), half coverage (half group), no coverage (no group) groups. A tightening torque of 

30 Ncm was applied to the abutment screw, after which a force of 250 N was applied to the 

crown at a 30 ° tilt. Next, the von Mises stress was measured for each component and the 

stress distribution pattern was analyzed. For the in vitro study, three groups consisting of 

the same shoulder coverage as in the FEA were tested. Twelve specimens were prepared 

for each group (total n = 36). All specimens were mounted on a universal testing machine, 

and 200,000 cyclic loadings were performed under 250 N, 14 Hz at a 30 ° tilt from the long 

axis of the implant. The removal torque values (RTVs) before and after loading were 

measured and compared using a digital torque gauge. In addition, the implants and 

abutments before and after loading were analyzed using scanning electron microscopy 

(SEM). FEA results showed that strong stresses were concentrated in one place in the 

connection area between the implant and abutment of the no group. However, relatively 

weak stress was distributed in the connection area between the implant and the abutment 

of the full and half group. Maximum von Mises stresses of the abutment screw were the 

lowest in the full group, slightly higher in the half group, and highest in the no group. In 

the in vitro study, the RTV of the no group after loading was significantly lower than that 

of the full group. In addition, in the comparison of RTVs before and after loading, all groups 

had significantly decreased RTVs. As a result of the SEM analysis, structural loss and wear 
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were found to be concentrated in one area and were observed in the implant and abutment 

of the no group. In conclusion, the FEA and SEM analyses revealed that a large stress was 

concentrated in one place in the no group. However, relatively small stresses were widely 

distributed in the full group and half group. In addition, RTVs revealed that the screw 

stability was lowest in the no group. Thus, the shoulder coverage of the abutment in the 

tissue level internal connection implant helped improve the screw stability. 
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Screw stability depending on shoulder 

coverage of tissue level implants by using 

finite element analysis and in vitro study 

 

Hag-Young Lee 

 

Department of Dentistry 

The Graduate School, Yonsei University 

(Directed by Professor Jee-Hwan Kim, D.D.S., M.S.D., Ph.D.) 

 

Ⅰ. INTRODUCTION 

 

Implants have been widely used since their introduction into the dental field and 

have been met with a high success rate (Adell et al. 1981; Adell et al. 1990; Albrektsson 

1988; Buser et al. 1997; Lindquist et al. 1996; van Steenberghe et al. 1990; Wittneben et 

al. 2014). Implants are also used as a suitable treatment option for the loss of a single tooth, 

but there are some complications. Among these, screw loosening occurs most frequently 
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as a mechanical complication, and fractures of the abutment and screw also occur, as 

reported in previous studies (Jung et al. 2008; Jung et al. 2012). When screw loosening 

occurs, the possibility of this developing into fracture increases. Fatigue fractures may 

occur as fatigue accumulates in the screw and cracks occur in the stressed area (Schwarz 

2000; Steinebrunner et al. 2008; Walia et al. 2012). Screw loosening and screw fracture 

incur not only a functional decrease or functional loss of the implant prosthesis, but also 

bone loss around the implant (Gealh et al. 2011; Schwarz 2000; Steinebrunner et al. 2008; 

Walia et al. 2012). 

The mechanism of screw loosening is related to the preloading of screw. The torque 

exerted during screw tightening acts as a rotating moment on the head of the screw, which 

causes an elongation force on the screw. The preload generated in this way acts as a force 

to strengthen the contact between both abutting interfaces. The magnitude of the preload is 

the same as that of the clamping force, which is the locking force of the screw (Haack et al. 

1995; Sakaguchi and Borgersen 1995; Winkler et al. 2003). The clamping force can 

theoretically increase up to the yield strength of the screw, and if the joint separating force, 

or the external force required to drop the two interfaces, does not exceed the preload, the 

connection of the screw is maintained (Haack et al. 1995; Khraisat et al. 2004a; 

McGlumphy et al. 1998; Schwarz 2000; Winkler et al. 2003). 

Bending overload and settling effects are core factors contributing to the reduction 

of screw preload. Bending overload can be caused by an off-the-axis force, such as by an 

eccentric load or cantilever (Rangert et al. 1995; Richter 1998). When this bending 
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overload is greater than the yield strength of the screw, plastic deformation of the screw 

and preload loss occur (Dailey et al. 2009; Richter 1998). The settling effect, also called 

embedment relaxation, is due to the fact that all surfaces cannot be perfectly smooth. The 

rough spot of the contact surface becomes worn and flattened due to micromovements. This 

wear brings the two contact surfaces more closer, and the clamping force is lost when the 

total settling amount is greater than the elastic elongation of the screw (Jorneus et al. 1992; 

Kim et al. 2011; Richter 1998). 

Screw stability is not only affected by the material, surface condition, and design 

of the screw (Coppede et al. 2013; Haack et al. 1995; Stuker et al. 2008), but also by the 

implant abutment connection design. Many studies have been conducted on screw stability 

according to the implant abutment connection. In many finite element analysis (FEA) 

studies and in vitro studies, the internal connection implant had excellent screw stability 

and less screw loosening compared to an external connection implant, which often lacks a 

structure capable of resisting lateral forces (Chun et al. 2006; Feitosa et al. 2013; Jorge et 

al. 2013; Khraisat et al. 2002; Kitagawa et al. 2005; Merz et al. 2000; Park et al. 2010; Seol 

et al. 2015; Tang et al. 2012; Tsuruta et al. 2018). On the contrary, while the internal 

connection implant has a conical shape, the external connection implant, which has a flat 

structure on the top, making it possible to obtain vertical support, results in less axial 

displacement (Kim et al. 2014; Seol et al. 2015). 

Tissue level internal connection implants have the advantage of being less 

susceptible to screw loosening or screw and abutment fracture because the crown-to-
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implant ratio is lower than the bone level implant from a mechanical perspective (Buser et 

al. 1999; Nemli et al. 2014). In addition, the shoulder structure of the tissue level implant 

collar may obtain additional support compared to the bone level internal connection implant. 

This support provided by shoulder coverage means that the abutment sinking is limited, 

meaning that less axial displacement, advantageously, is generated (Merz et al. 2000; Seol 

et al. 2015; Shin et al. 2014). 

The shoulder area is distant from the implant abutment connection, which is the 

main site affecting screw stability. However, whether the abutment covers the shoulder can 

cause differences in support and stress distribution, which may affect abutment screw 

stability. In addition, as custom abutments have been fabricated recently, discussions of 

optimal abutment design at the tissue level implants have begun. Screw stability of a full 

shoulder coverage abutment is predicted to be better because of the support from the 

shoulder. Therefore, a study was conducted on the screw stability according to the shoulder 

coverage. The purpose of this study is to investigate abutment screw stability according to 

the difference in shoulder coverage of the abutment in tissue level internal connection 

implants through FEA and in vitro studies. Three different designs were tested according 

to the amount of abutment covering the shoulder of the implant collar. The FEA confirmed 

the difference in stress distribution according to the shoulder coverage difference. In 

addition, removal torque values (RTVs) according to shoulder coverage were measured by 

an in vitro study. The differences were then analyzed by scanning electron microscopy 

(SEM). The null hypothesis is that there is no difference in abutment screw stability 
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according to the difference in shoulder coverage of the abutment in tissue level internal 

connection implants. 
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Ⅱ. MATERIALS AND METHODS  

 

1. Implant system 

 

In this FEA and in vitro study, tissue level internal connection implants (SS II 

fixture, OSSTEM Inc., Seoul, Korea) were used. These implants had an internal octagon, 

8 ° internal taper connection structure, and a 0.78 mm shoulder structure of 45 ° on the 

collar. Implants had a 4.5 mm diameter, 10 mm length, and 1.8 mm gingival height. 

Abutments were divided into three groups, a full group, a half group, and a no group, and 

were tested thereafter. The full coverage abutments (ComOcta Plus Abutment, OSSTEM 

Inc., Seoul, Korea) used for the full group covered all of the shoulder and had a 4.8 mm 

platform diameter, 5.5 mm height, and 2 mm gingival height. The half coverage abutments 

(ComOcta Abutment, OSSTEM Inc., Seoul, Korea) used for the half group covered 0.44 

mm of the shoulder, which was about half of the shoulder length, and had a platform 

diameter of 4.8 mm and a height of 7 mm. The no coverage abutments of the no group were 

shaped such that they did not cover any of the shoulder (Figure 1). Since the prefabricated 

abutments that do not cover the shoulder provided by the manufacturer consisted only of a 

one-piece abutment into which the abutment and the screw were integrated, the half 

coverage abutments were modified in each of the FEA and in vitro analyses to produce 

two-piece type no coverage abutments. The implants were composed of titanium grade 4, 

and the abutments and abutment screws were made of a titanium alloy (Ti-6Al-4V). 
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Figure 1. Schematic image of the three abutments. The (A) full coverage abutments of the 

full group covered all of the 0.78 mm shoulder, the (B) half coverage abutments of the half 

group covered 0.44 mm of the shoulder, which was about half of the shoulder length, and 

the (C) no coverage abutments of the no group did not cover any of the shoulder. 
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2. FEA study 

 

2.1. Geometry modeling 

Implant, abutment, and abutment screws of the full group, half group, and no group 

were modeled. No coverage abutment was modeled by removing the lateral side from the 

half coverage abutment to the range not covering the shoulder of the implant collar. After 

that, zirconia crowns were designed in the full group, half group, and no group, respectively. 

The area under load was set to a hemispherical shape with a diameter of 9 mm, and the 

margin of the crown was designed to be smoothly implemented in each implant and 

abutment. The bone model was designed based on the human mandible, and a cross 

sectional image of the molar region was used. The entire bone was set to a 25 mm height, 

12 mm width, and 14 mm thickness, and the cortical bone was designed to be 2 mm thick 

(Figure 2). 
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Figure 2. Three models were built. The (A) full group, (B) half group, (C) no group. The 

magnified pictures show that the (D) full group abutment covers all the shoulder of implant 

collar, the (E) half group abutment covers about half of the shoulder, and the (F) no group 

abutment does not cover the shoulder. 
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2.2. Three-dimensional modeling and material properties 

For the 3-dimensional FEA, finite element models of the full group, half group, 

and no group were generated using software program (ANSYS 17.0, ANSYS Inc., Houston, 

TX, USA). Each group consisted of implant, abutment, abutment screw, crown, cortical 

bone, and cancellous bone, and the element size was set to 0.4 mm tetrahedron. The details 

of each model are as described in Table 1. 

The implant was set to titanium grade 4, the abutment and abutment screw were 

set to consist of a titanium alloy (Ti-6Al-4V), and the crown was set to zirconia. Cortical 

bone and cancellous bone were set based on type 2 bone. The Young's modulus and 

Poisson's ratio of each material were as described in Table 2 (Caglar et al. 2011; Chang et 

al. 2013; Hong et al. 2012; Krzyzanowski et al. 2016). 
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Table 1. Number of elements and nodes in all models. 

 Full group Half group No group 

 Element Node Element Node Element Node 

Implant 25338 43674 25338 43674 25338 43674 

Abutment 6071 11034 5068 9263 3936 7664 

Abutment screw 6852 12603 6852 12603 6852 12603 

Crown 10509 18117 13249 22891 13473 23175 

Cortical bone 24911 43593 24911 43593 24911 43593 

Cancellous bone 27694 45766 27694 45766 27694 45766 
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Table 2. Materials properties in the FEA study. 

Materials 
Young’s modulus 

(GPa) 
Poisson’s 

ratio 
References 

Titanium grade 4 105 0.34 (Hong et al. 2012) 

Titanium alloys 
(Ti-6Al-4V) 

113.8 0.342 
(Krzyzanowski et al. 

2016) 

Zirconia (Y-TZP) 200 0.31 (Caglar et al. 2011) 

Cortical bone 13.7 0.3 (Caglar et al. 2011) 

Cancellous bone 1.37 0.3 (Chang et al. 2013) 
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2.3. Boundary conditions and loading conditions 

All materials used in this experiment were assumed to be homogenous, isotropic, 

and linearly elastic. Complete osseointegration was assumed between the implant and bone. 

Perfect adhesion was assumed between the abutment of the full group, half group, and no 

group and the zirconia crown. The frictional coefficient between titanium was set to 0.5 

(Chun et al. 2006; Merz et al. 2000). In the bone model, mesial and distal surfaces were 

constrained. 

Stress generation and concentration were analyzed numerically in the groups using 

software program (ANSYS 17.0, ANSYS Inc., Houston, TX, USA). A tightening torque of 

30 Ncm was applied to the abutment screws in the three groups according to the 

manufacturer's instructions. The torque was gradually increased from 0 Ncm to 30 Ncm to 

reflect a clinical situation, and then decreased to 0 Ncm again, leaving only the residual 

stress. After that, for the long axis of the implant, a force of 250 N was applied to the 

hemisphere on the top of the crown under the 30 ° from the lingual to the buccal (ISO 

14801. 2016). Subsequently, von Mises stresses were measured for each component of the 

three groups and the stress distribution patterns were analyzed. In addition, maximum total 

deformation values of the abutment screws were measured in the three groups. 
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3. In vitro experiments 

 

3.1. Specimens preparation 

A total of 36 tissue level internal connection implants were used. The prefabricated 

abutments were used for the full coverage abutments and the half coverage abutments. To 

create the no coverage abutments of two-piece abutment type, the half coverage abutments 

were fixed onto the surveyor and the sides were removed such that they did not cover the 

shoulder of the implant collar. Each of the 12 full coverage abutments, half coverage 

abutments, and no coverage abutments were prepared, and the experiments were conducted 

in the three groups. 

Implants and abutments were scanned with a desktop 3D scanner (Identica T500, 

Medit, Seoul, Korea), and CAD software (Exocad GmbH, Fraunhofer IGD, Darmstadt, 

Germany) was used to design the crowns to be identical to the crowns in FEA study. The 

upper part of the crown under loading was made into a hemisphere according to ISO (ISO 

14801. 2016), and the diameter was set to 9 mm. In the full coverage abutments, because 

the abutments covered the entire shoulder of the implant collar, the margin of the crowns 

was designed to connect with the abutments. In the half coverage abutments and no 

coverage abutments, the crown margin was connected with the shoulder of the implant 

collar. In addition, all crowns formed an access hole to measure the RTVs of the abutment 

screw before and after cyclic loading. After completing the design, crowns were 

manufactured by milling zirconia blocks (Rainbow Shine-T, Genoss, Seoul, Korea) with 
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milling machines (DWX-51D, Roland DGA Corp., Irvine, CA, USA). Zirconia crowns 

were attached to the implant abutment assemblage using a resin modified glass ionomer 

cement (RelyX Luting 2, 3M ESPE, St. Paul, MN, USA) and by applying finger pressure 

for 10 seconds followed by 6 kg of pressure for 10 minutes (Khraisat et al. 2004b; Khraisat 

et al. 2002). All specimens were left to sit for 1 day before proceeding with the subsequent 

experiments to enable the cement to polymerize (Yao et al. 2012). 
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3.2. RTVs before loading 

All procedures were tested by one experienced operator. Using a digital torque 

gauge (MGT-12, Mark-10 Corp., NY, USA), the abutment screws were tightened with a 

torque of 30 Ncm according to the manufacturer's instructions (Figure 3). In order to 

minimize embedment relaxation, abutment screws were retightened to 30 Ncm again after 

10 minutes. 5 minutes after the second tightening, the RTVs before cyclic loading were 

measured for all specimens using a digital torque gauge and recorded (Khraisat et al. 2004b; 

Siadat et al. 2015; Tsuge and Hagiwara 2009). 

 

Figure 3. Digital torque gauge (MGT-12, Mark-10 Corp., NY, USA) used in the in vitro 

study.  
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3.3. Cyclic loading 

The specimen was mounted on a holder using a collet and nut. A 3 mm bone 

resorption was assumed, according to ISO (ISO 14801. 2016). Cyclic loading was 

performed using a universal testing machine (Instron E3000, Instron Corp, Canton, MA, 

USA). In accordance with ISO, a force at a 30 ° tilt from the long axis of the implant was 

applied to the hemisphere in the upper part of the zirconia crown (Figure 4) (ISO 14801. 

2016). The loading of 200,000 cycles were performed under conditions of 250 N and 14 

Hz (Kim et al. 2014). 

 

Figure 4. Instron machine setting for cyclic loading. A force of 250 N at a 30 ° tilt from 

the long axis of the implant was applied.  
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3.4. RTVs after loading 

After 200,000 cyclic loadings, the RTVs of all specimens were measured and 

recorded using a digital torque gauge. 

 

3.5. SEM analysis 

The implants, full coverage abutments, and half coverage abutments before cyclic 

loading were analyzed using a field emission SEM (JSM-7800F Prime, JEOL, Akishima, 

Tokyo, Japan). No coverage abutments were not analyzed separately before cyclic loading 

because the substructures connected to the implant were the same as the half coverage 

abutments. After cyclic loading, two implants and abutments were selected from each of 

the full group, half group, and no group, and SEM analyses were performed. 

 

3.6. Statistical analysis 

Statistical analysis was performed using a software program (IBM SPSS 25.0, IBM 

Co., Armonk, NY, USA). All the RTVs were confirmed to satisfy normality by a Shapiro-

Wilk test. One-way analysis of variances (ANOVAs) were performed in each of the RTVs 

before and after cyclic loading, and Tukey’s honestly significant difference (HSD) tests 

were performed for post-hoc analyses. In addition, paired t tests were performed to compare 

the RTVs before and after cyclic loading in the three groups. The significance level was set 

to 5%. 
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Ⅲ. Results 

 

1. FEA 

 

The maximum von Mises stresses of the FEA results in each group are presented 

in Table 3. In addition, the overall patterns of stress distribution in each group are shown 

in Figure 5. 

In the implant, the no group showed the largest maximum von Mises stress. The 

implants of the full group, half group, and no group showed maximum von Mises stresses 

of 260.77 MPa, 329.5 MPa, and 1490.7 MPa, respectively. The implant of the full group 

showed the greatest stress on the shoulder, which was in contact with the abutment on the 

lingual side. The implant of the half group showed the greatest stress in the area in which 

it came into contact with the buccal side crestal bone, and the implant of the no group 

showed the greatest stress in the internal octagon area (Figure 6). 

The abutments also showed the largest maximum von Mises stress in the no group. 

The maximum von Mises stresses of 122.52 MPa, 73.52 MPa, and 1215.9 MPa were shown 

in each of the full group, half group, and no group, respectively. All three abutments 

showed the greatest stress in the buccal side octagonal structure in contact with the implant 

(Figure 7). 

The abutment screws also showed the largest maximum von Mises stress in the no 

group. Screws in the full group, half group, and no group showed maximum von Mises 
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stresses of 119.24 MPa, 147.62 MPa, and 207.8 MPa, respectively. The abutment screws 

of the full group and the half group showed the greatest stress in the fifth thread from the 

bottom, which is the upper first thread among the threads contacting the implant inner 

surface and the abutment screw. On the other hand, the no group abutment screw showed 

the greatest stress in the seventh thread from the bottom, which is the thread adjacent to the 

octagonal joint of the implant and abutment (Figure 8). The maximum total deformation 

value of the abutment screws was measured to be 25.13 μm, 31.52 μm, and 31.82 μm in 

the full group, half group, and no group, respectively. 

Meanwhile, the maximum von Mises stress of the crowns showed similar values. 

Maximum von Mises stresses of 354.62 MPa, 346.27 MPa, and 359.8 MPa were shown in 

the full group, half group, and no group, respectively, in the area where an external force 

of 250 N was applied. On the crown margin, a stress of about 20 to 30 MPa was generated 

in the full group. However, in the half group and no group crowns, the margin in contact 

with the shoulder of the implant collar and the abutment showed relatively high stresses, of 

60 to 70 MPa (Figure 9). 
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Table 3. Maximum von Mises stress (MPa) in the three groups. 

 Full group Half group No group 

Implant 260.77 329.5 1490.7 

Abutment 122.52 73.52 1215.9 

Abutment screw 119.24 147.62 207.8 

Crown 354.62 346.27 359.8 

Cortical bone 140.65 92.10 95.09 

Cancellous bone 5.99 5.17 5.20 
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Figure 5. FEA results showing overview of the (A) full group, (B) half group, (C) no group 

under 30° off axis loading of 250 N with 30 Ncm tightening torque. 
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Figure 6. von Mises stress (MPa) distribution in the implants of the three groups. (A) The 

implant of the full group showed maximum von Mises stresses of 260.77 MPa on the 

shoulder, which was in contact with the abutment on the lingual side. (B) The implant of 

the half group showed maximum von Mises stresses of 329.5 MPa in the area in which it 

came into contact with the buccal side crestal bone. (C) The implant of the no group showed 

maximum von Mises stresses of 1490.7 MPa in the internal octagon area. 
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Figure 7. von Mises stress (MPa) distribution in the abutments of the three groups. The 

maximum von Mises stresses of 122.52 MPa, 73.52 MPa, and 1215.9 MPa were shown in 

each of the (A) full group, (B) half group, and (C) no group, respectively. All three 

abutments showed maximum von Mises stress in the buccal side octagon region. 
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Figure 8. von Mises stress (MPa) distribution in the abutment screws of the three groups. 

(A) The abutment screws of the full group (119.24 MPa), and (B) the half group (147.62 

MPa) showed maximum von Mises stress in the fifth thread from the bottom, which is the 

upper first thread among the threads contacting the implant inner surface and the abutment 

screw. (C) The no group (207.8 MPa) abutment screw showed maximum von Mises stress 

in the seventh thread from the bottom, which is the thread adjacent to the octagonal joint 

of the implant and abutment. 
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Figure 9. von Mises stress (MPa) distribution in the crowns of the three groups. Maximum 

von Mises stresses of 354.62 MPa, 346.27 MPa, and 359.8 MPa were shown in the (A) full 

group, (B) half group, and (C) no group, respectively, in the area where an external force 

was applied. On the crown margin, a stress of about 20 to 30 MPa was generated in the full 

group. However, a relatively high stress of 60 to 70 MPa was concentrated in the crown 

margin of the half and no groups. 
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2. In vitro experiments 

 

2.1. RTVs before loading 

Before cyclic loading, the mean ± standard deviation of RTVs was found to be 

28.16 ± 1.41 Ncm, 27.42 ± 1.89 Ncm, and 27.22 ± 0.91 Ncm in the full group, half group, 

and no group, respectively. ANOVA results comparing the three groups showed no 

significant differences (Figure 10, Table 4). 
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Figure 10. RTVs before and after cyclic loading. Full group and no group after cyclic 

loading were statistically significantly different (p < 0.05; one-way ANOVA, Tukey’s HSD 

test). All groups showed statistical significance between before and after cyclic loading (p 

< 0.001; paired t test). 
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Table 4. RTVs before and after cyclic loading in the in vitro experiments. 

 Full group Half group No group 

RTV before loading (Ncm) 28.16 ± 1.41 Ab 27.42 ± 1.89 Ab 27.22 ± 0.91 Ab 

RTV after loading (Ncm) 22.73 ± 1.21 Ba 20.19 ± 3.92 ABa 20.00 ± 2.23 Aa 

Data are presented as means ± standard deviation. Superscript uppercase letters indicate 

differences in RTV within a row among the three groups. Superscript lowercase letters 

indicate differences between the RTV before loading and after loading within a column. 
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2.2. RTVs after loading 

After cyclic loading, the mean ± standard deviation of RTVs were found to be 

22.73 ± 1.21 Ncm, 20.19 ± 3.92 Ncm, and 20.00 ± 2.23 Ncm in the full group, half group, 

and no group, respectively. The ANOVA for the comparison of the three groups showed a 

significant difference (p < 0.05). A Tukey's HSD test for a post-hoc analysis showed a 

significant difference between the full group and no group (p < 0.05) (Figure 10, Table 4). 

 

2.3. RTVs before and after loading 

For comparison of the RTVs before and after cyclic loading in each of the full 

group, half group, and no group, paired t tests were performed. All groups showed a 

significant difference (p < 0.001) (Figure 10, Table 4). 

 

2.4. SEM analysis 

All the implants and abutments before loading revealed the abrasion that appeared 

to have occurred in the manufacturing process, although no significant defects and errors 

were observed in general (Figure 11). After loading in the full group and the half group, 

overall scratching and abrasion were observed in the implants, and overall abrasion was 

also observed in the abutments (Figures 12 and 13). After loading in the no group, marked 

structural loss was observed in the implants, and a pronounced cluster of worn-out material 

was observed in the abutments (Figures 12 and 13).  
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Figure 11. SEM images before cyclic loading. Implant abutment connection structures on 

the internal surface of implant at (A) x30 magnification, (B) x100 magnification were 
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generally clean, although overall existing flaws were detected. Full coverage abutment at 

(C) x30 magnification, (D) x100 magnification and half coverage abutment at (E) x30 

magnification, (F) x100 magnification also show no significant error. 
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Figure 12. SEM images of the implants after cyclic loading. The implants of the full group 

at (A) x30 magnification showing abrasion across the board and (B) x100 magnification, 
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showing the pile of abrasion materials (circle). The implants of half group at (C) x30 

magnification showing widespread abrasion overall and (D) x100 magnification, showing 

the scratch (arrows) and cluster of abrasion materials (circle). The Implants of no group at 

(E) x30 magnification showing structural loss (circle) and (F) x100 magnification showing 

scratch (arrows). 
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Figure 13. SEM images of the abutments after cyclic loading. The full group abutment at 

(A) x30 magnification showing abrasion across the board and (B) x200 magnification 
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showing abrasion and scratches. The half group abutment at (C) x30 magnification, 

showing widespread abrasion overall and (D) x100 magnification, showing the cluster of 

abrasion materials (circle). The no group abutment showed noticeable wear, concentrated 

in one place, at (E) x100 magnification, and (F) x200 magnification. 
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Ⅳ. DISCUSSION 

 

In this FEA and in vitro study, the stability of the abutment screw according to the 

shoulder coverage of the abutment in the tissue level internal connection implant was 

evaluated. As a result of the experiments, the null hypothesis, whereby there is no 

difference in abutment screw stability according to the shoulder coverage of the abutment, 

was rejected. 

Tissue level internal connection implants can obtain support through the shoulder 

structure, and have the advantage of there being less axial displacement and less settling of 

the abutment (Merz et al. 2000; Seol et al. 2015; Shin et al. 2014). When placing such an 

implant, the length of the smooth machined collar of the implant is selected according to 

the gingival height. However, the height of the collar can only be selected from a few key 

heights suggested by the manufacturer. Therefore, when the gingiva is thick or the implant 

is to be deeply placed, an abutment covering the entire shoulder of the implant collar is 

used. In the absence of such restrictions, in addition to the abutment having such a shape 

such as to cover the entire the shoulder, an abutment that covers of the half the shoulder or 

an abutment that does not cover the shoulder can be used. 

FEA results demonstrated the existence of differences in stress distributions 

according to the amount of shoulder coverage, and showed that a large stress was 

concentrated in the no coverage group. The no group showed a greater maximum von Mises 

stress in both the implant and abutment than the other two groups (Figures 6 and 7, Table 
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3). The location at which the maximum von Mises stress of the implant appeared was the 

shoulder contacting the abutment in the full group, and was the part contacting the buccal 

crestal bone in the half group. No group showed a maximum von Mises stress in the internal 

octagon (Figure 6). However, the abutment showed a maximum von Mises stress in the 

octagon region in all groups (Figure 7). This difference in stress can be interpreted as being 

due to the difference in the contact area of the implant abutment connection. According to 

previous studies, the larger the contact area of the implant abutment connection, the more 

favorable the force distribution (Cho et al. 2018; Chun et al. 2006). In addition, previous 

study has shown that additional support from the shoulder coverage increases screw 

stability (Shin et al. 2014). The no group without any shoulder coverage can be expected 

to be inferior with respect to its stress distribution compared to the full group with the 

increased contact area due to full shoulder coverage. Also, the stability of the no group 

abutment screw is considered to be more disadvantageous, because a much greater amount 

of stress was concentrated in the connection area than in the other two groups. 

The abutment screws of each group also showed differences in stress distributions 

according to shoulder coverage. The maximum von Mises stresses of the abutment screws 

were lowest in the full group, slightly higher in the half group, and highest in the no group, 

and the stability of the abutment screw could be predicted to be advantageous in the same 

order (Figure 8, Table 3). In the stress distribution patterns of the abutment screw, the full 

group and half group showed the greatest stress in the fifth thread from the bottom, which 

is the upper first thread among the threads contacting the implant inner surface and the 
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abutment screw, consistent with a previous study (Cho et al. 2018; Merz et al. 2000). 

However, in the no group abutment screws, the greatest stress was concentrated in the 

seventh thread from the bottom, which is the thread adjacent to the octagonal joint of the 

implant abutment connection (Figure 8). In addition, the maximum total deformation value 

of the abutment screw was highest in the no group. As such, we determined that the strong 

stress was concentrated in the implant abutment connection, which appeared in the no 

group, affecting the abutment screw. 

In the crown, stresses were concentrated in the area in which the external force was 

applied in all three groups, with similar stress patterns. However, in the margin area of the 

crown, a stress of about 20 to 30 MPa was concentrated in the full group. On the other hand, 

a relatively high stress of 60 to 70 MPa was generated in the crown margin of the half and 

no groups (Figure 9). This means that, in the half group and the no group, support on the 

shoulder of the implant collar was achieved, as intended in the tissue level implant. 

In the in vitro study, the RTV before loading was measured to be 27 to 28 Ncm, 

which is less than the tightening torque of 30 Ncm. This can be interpreted through previous 

studies whereby 2-10% of the initial preload is lost by settling (Bacchi et al. 2015; Dixon 

et al. 1995). No significant difference was found in each group in the RTV before loading, 

but significant differences occurred in each group in RTV after loading. A post-hoc test 

revealed that the RTV after loading of the no group was significantly lower than that of the 

full group. RTV after loading of the half group was measured to be higher than the no group 

and lower than the full group, although no significant difference was found (Figure 10, 
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Table 4). This can be interpreted through the previous studies whereby the implant 

abutment connection affects screw stability, and a smaller contact area between the implant 

and abutment leads to worse stress distribution (Cho et al. 2018; Chun et al. 2006). In 

addition, this result was also confirmed through the FEA of this study. 

Meanwhile, when comparing the RTV before and after loading in each three group, 

the RTV before loading was significantly higher than the RTV after loading in all groups 

(Figure 10, Table 4). Many studies have shown that the external force applied to the implant 

affects screw loosening; in particular, the lateral force is detrimental to the stability of the 

screw (McGlumphy et al. 1998; Richter 1998). Furthermore, in this experiment, by 

comparing the RTV before and after loading, it was confirmed that the stability of the screw 

was compromised by external force. 

In the SEM analysis, no group after loading was more disadvantageous than the 

other groups. According to the SEM images before loading, all implants and abutments 

were generally clean (Figure 11). However, concentrated structural loss and a cluster of 

worn-out materials was found in the implant and abutment of the no group after loading. 

On the other hand, widespread wear, scratching, and abrasion were found in the implant 

and abutment of the full and half groups (Figures 12 and 13). Through a large strain 

concentration in one place of the no group, compared to the other two groups in which the 

damage was widely distributed, the highly degraded stability of the abutment screw in the 

no group was to be expected. 
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Comprehensively, the stress distribution of the FEA and SEM images of the in 

vitro study suggest that the strong stress concentrated in one place in the no group 

significantly reduced the stability of the abutment screw. However, a relatively small stress, 

which was widely distributed, led to better stability of the abutment screw in the full group 

and half group (Figures 6-7, 12-13). In addition, it was possible to evaluate the actual 

abutment screw stability through RTVs in the in vitro study. The RTVs revealed that the 

abutment screw stability was lower in the no group than in the full group (Figure 10, Table 

4). 

Reinforcing the abutment can be considered to increase the stability of the 

abutment screw in the no group. If the design of the no coverage abutment is chosen, using 

a one-piece abutment rather than a two-piece abutment may be considered. Alternatively, 

making more space for the abutment by using a wide diameter implant or a wide neck 

implant to reinforce the abutment may be better. Meanwhile, it is important to implement 

the screw tightening protocol accurately in clinical practice. Although no group showed the 

lowest RTVs in the in vitro experiment, there were no loosened specimens by screw 

loosening. In addition, it will be important to minimize the shaking of the implant abutment 

assemblage by ensuring the adhesion between the crown and the abutment, reducing the 

cantilever by placing the implant in the correct position, and minimizing bending overload 

through accurate occlusion adjustments. 

This study has a few limitations. The finite element model used for the FEA is 

made of uniform density and quality, whereas the actual model may contain impurities or 
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fine pores inside the material, which may cause errors. In addition, since the FEA divides 

a continuum into discrete finite elements, errors may occur in this process. The von Mises 

stress was measured in this FEA because determining yield or fracture through the principal 

stress is difficult in a complex 3-dimensional model. But it will be better to confirm the 

principal stress, compressive stress, and tensile stress by additional experiments. In vitro 

experiments are limited in that it is difficult to reflect the actual intraoral situation, such as 

the presence of saliva in the oral cavity. In addition, the crown used in the experiment 

differs from the anatomical structure of human teeth. Although a gap in the implant 

abutment assembly in the tissue level implant is farther from the bone than in the bone level 

implant, biological evaluation is required since the patterns of cement interposed at the 

implant abutment interface are different in the three groups. Therefore, it will be necessary 

to confirm the screw stability according to the implant abutment connection through 

additional clinical trials. 
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Ⅴ. CONCLUSION 

 

Within the limits of this experiment, certain conclusions can be drawn from the 

FEA and in vitro studies. Through FEA and SEM analyses, a large stress concentrated in 

one place in the no group was confirmed. However, relatively small stresses were widely 

distributed in the full group and half group. In addition, RTVs revealed that the screw 

stability was lowest in the no group. These show that, in the tissue level internal connection 

implant, shoulder coverage of the abutment helps improve screw stability. And the present 

findings of significantly lowered RTV after loading suggest that cyclic loading, particularly 

lateral force, reduces RTV. 
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ABSTRACT (Korean)  

 

조직 수준 임플란트에서 지대주의 어깨 덮음에 따른 

나사 안정성에 대한 유한 요소 분석 및 실험 연구 

 

이 학 영 

 

연세대학교 대학원 치의학과 

(지도교수 : 김 지 환) 

 

조직 수준 내부 연결형 임플란트는 널리 사용되고 있다. 그러나, 임플란트 

칼라의 어깨와 지대주의 접촉으로 형성되는 어깨 덮음에 따른 지대주 나사 

안정성의 차이는 명확하지 않다. 본 연구의 목적은 유한 요소 분석 및 실험 

연구를 통해 조직 수준 내부 연결형 임플란트에서 지대주의 어깨 덮음 정도가 

나사 안정성에 미치는 영향에 대해 알아보는 것이다. 
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유한 요소 분석을 위해 조직 수준 내부 연결형 임플란트, 지대주, 지대주 

나사, 전장관, 그리고 뼈를 모델링 하였다. 지대주는 임플란트 칼라의 어깨 

덮음 정도에 따라서 어깨를 모두 덮는 형태, 어깨의 절반을 덮는 형태, 어깨를 

덮지 않는 형태의, 세 그룹으로 설정하였다. 지대주 나사에 30 Ncm 의 조임 

토크를 가한 뒤, 상부 전장관에 30° 각도로 250 N 의 힘을 가했다. 그 뒤에, 

각 구성요소에서 등가 응력을 측정하였으며, 응력 분포 양상을 분석하였다. 

실험 연구로 유한 요소 분석과 동일한 어깨 덮음 정도로 구성된 세 그룹을 

실험하였다. 각 그룹당 12 개의 시편을 제작하였다. 모든 시편을 만능 

시험기에 장착한 뒤, 임플란트의 장축에 대해 30° 각도로 기울인 상태에서 

250 N, 14 Hz 의 조건으로 200,000 회의 반복 하중을 가하였다. 디지털 토크 

게이지를 이용해 하중 전과 후의 풀림 토크 값을 측정하여 비교했다. 또한, 

주사 전자 현미경을 이용해 하중 전과 후의 임플란트와 지대주를 분석하였다. 

유한 요소 분석 결과 어깨를 덮지 않는 그룹의 임플란트와 지대주 사이 

접촉부의 한 지점에서 강한 응력이 집중되는 것이 나타났다. 그러나, 어깨를 

모두 덮는 그룹과 어깨의 절반을 덮는 그룹의 임플란트와 지대주 사이 

접촉부에서는 상대적으로 약한 응력이 분포했다. 지대주 나사의 최대 등가 

응력 값은 어깨를 모두 덮는 그룹에서 가장 낮았고, 어깨의 절반을 덮는 

그룹에서 중간이었으며, 어깨를 덮지 않는 그룹에서 가장 컸다. 실험 연구 

결과, 어깨를 덮지 않는 그룹의 하중 후 풀림 토크 값은 어깨를 모두 덮는 
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그룹에 비해 유의하게 낮았다. 또한, 하중 전과 후 풀림 토크 값의 비교시 

모든 그룹에서 풀림 토크 값이 유의하게 감소했다. 주사 현미경 분석 결과 

어깨를 덮지 않는 그룹의 임플란트와 지대주에서 한 부위에 집중된 구조적 

손실 및 마모가 관찰되었다. 

결론적으로 유한 요소 분석 및 주사 현미경 분석을 통해 어깨를 덮지 않는 

그룹에서 한 지점에 집중된 강한 응력이 집중된 반면에, 어깨를 모두 덮는 

그룹과 어깨의 절반을 덮는 그룹에서는 상대적으로 약한 응력이 넓게 

분포하였음을 확인하였다. 또한, 풀림 토크 값을 통해 어깨를 덮지 않는 

그룹에서 나사 안정성이 가장 낮았음을 확인하였다. 이러한 점을 토대로 조직 

수준 내부 연결형 임플란트에서 지대주의 어깨 덮음이 나사 안정성의 향상에 

도움이 되었음을 확인하였다. 
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