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Abstract: The implant design is one of the main factors in implant stability because it affects the contact area between the bone and the implant surface and the stress-
strain distribution at the bone-implant interface. In this study, the effect of different groove geometries on stress-strain distributions in small-diameter conical implants is 
investigated using the finite element method (FEM). Four different thread models (rectangular, buttressed, reverse buttressed, and symmetrical profile) are created by 
changing the groove geometry on the one-piece implants, and the obtained results are compared. The stress shielding effect is investigated through the dimensionless 
numbers that characterize the load-sharing between the bone-implant. It is determined that the lowest stress distribution is observed with rectangular profiled groove 
geometry. Besides, it is obtained that the buttressed groove geometry minimizes the stress effects transmitted to the periphery of the implant. The symmetrical profiles had 
better performance than rectangular profiles in stress transfer. 
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1 INTRODUCTION 
 

Dental implants are artificial roots that are in the form 
of a tooth root and are usually made of titanium material 
instead of natural teeth that have been damaged or 
unfulfilled. In dental applications, the implants are placed 
in the jawbone, which is composed of the trabecular, bone-
outer cortical layer of different densities. Although the 
success rate of implants has increased to 97% in recent 
years, some problems arise due to inadequate bone quality, 
improper implant positioning and design, loss of implant 
integration [1, 2]. 

In the success of implantation, the formation of strong 
bonds between the bone tissue and the load-bearing surface 
of the implant, which is described as "osseointegration", is 
an important parameter. Branemark [3] has defined the 
osseointegration as a direct structural and functional 
connection between live bone tissue and titanium implant 
material. If the osseointegration cannot be achieved 
adequately, the implant is loosened, and damage occurs 
[4]. The bond between the implant and the bone tissue is 
directly related to the implant material, implant design, 
surface roughness, and topography. 

Since dental implants function by transferring forces 
to surrounding tissues, their design is also crucial for the 
health of the implant application. Implants with non-
grooved, flat, and smooth surfaces result in shear forces, 
while grooved implants increase the contact area between 
bone tissue and implant. Moreover, grooved implants are 
more suitable geometries due to force distribution [5]. 

In dental implants, four different groove geometries 
are used: symmetrical (V type), buttressed, reverse 
buttressed, and rectangular profile [6]. The groove shape is 
critical for the transfer of the stimulants, which under bone 
balance and occlusal loads, from implant to bone [7]. Baggi 
et al. [8] examined the groove design characteristics and 
found less bone damage under high contact areas. 

Another critical problem encountered in dental implant 
applications is stress shielding. This unfavourable 
condition is less observed in titanium alloys, which are the 
most commonly used implant materials in dental implant 
applications [9]. However, bone loss may occur on the 

surrounding bone around the implant because the forces 
within the physiological limits necessary to maintain bone 
health cannot be transmitted in the long-term. Therefore, 
stress shielding effects should not be underestimated in the 
dental implant design. 

The stability of dental implants is directly related to 
bone remodelling between the bone and the implant 
surface. The reaction of bone to the load-sharing between 
the bone and implant develops according to Wolff's law 
[10]. According to Wolff's law, mechanical stress has a 
response to the bone. With the application of the load, a 
negative potential is created on the bone under pressure, 
and bone formation is stimulated. That is, where stress is 
reduced, bone resorption by the old bone cell is observed, 
while the immature bone cell in the area of increased stress 
promotes new bone formation. 

Loading conditions must be chosen in accordance with 
the clinical point of view, taking into account patient 
diversity for successful engineering. The magnitude of the 
bite force may vary due to age, nutrition history, gender, 
and eating habits. In this regard, it should be noted that 
varying forces could result in different stress 
concentrations. The bite force increases with age and 
growth in childhood, then remains fairly constant from 
around age 20 to 40 or 50, then declines. Many studies 
show that the maximum bite force is higher in males than 
in females [11]. Gavião et al. [12] studied the bite force of 
fifteen children of both genders with good systemic and 
oral health. The children chewed a standardized silicon 
tablet, and the bite force was measured with a pressurized 
transmitter tube. The study found the mean bite force value 
was 235,12 N. Palinkas et al. [13] examined the maximum 
bite force of individuals aged 7 to 80 from both genders 
with a sample of 177 subjects. Five groups were 
determined depending on individuals' age. It was observed 
that the highest value was 339 ± 28 N in the adolescent 
group (13 - 20 years old) and the lowest value was 177 ± 
16 N in children (7 - 12 years old) when the maximal bite 
force values measured in the right molar region were 
examined. Besides, the bite force under the same 
conditions was found to be 280 ± 24 N and 263 ± 20 N for 
young adults (21 - 40 years old) and adults (41 - 60 years 
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old), respectively. As a result, using a wide loading range 
is significant for compatibility with the clinical 
perspective, considering patient diversity (i.e., age, gender, 
parafunctional habits, and from anterior to posterior in the 
same mouth, etc.). Molars are teeth located at the rear end 
of the mouth, which contribute to food grinding. They are 
the only teeth that can withstand 300 N maximum force 
[14]. Therefore, dental implants placed in the molar region 
are frequently examined in finite element computational 
studies in the literature. 

It is imperative to understand the process of bone 
remodelling in implant design and material selection. With 
the change in implant design, the resistance of the 
geometry may increase. As a result of stress shielding, a 
decrease in stress transmission of the implant to around the 
circumference is concerned. Thus, bone loss may occur in 
the long-term because the forces within the physiological 
limits required to maintain bone health cannot be 
transmitted [15]. 

Gefen [16] investigated the effect of different groove 
geometries on stress shielding and used dimensionless 
numbers to characterize stress transfer. Haase and Rouhi 
[17] compared the effects of mechanical stimulants, stress, 
and strain energy intensity on stress shielding when 
implant parameters (implant diameter, groove geometry, 
implant size, etc.) are changed. The study also used the 
dimensionless number to describe the stress shielding that 
prevents the transfer of stress and strain required for bone 
regeneration. 

This study used a small-diameter one-piece implant 
since the standard implant diameters range from 3,75 to 4,1 
mm [18]. The small-diameter implants may be exposed to 
an increased risk of fractures due to prosthetic components 
and small diameters that can cause bone overload [19]. 
However, some studies have reported positive results for 
the small-diameter implants [20]. The small-diameter 
implants have found extensive use, considering factors 
such as alveolar width, etc. Clinically reported success 
rates of small-diameter implants are more than 95% at 11 
years following the implant application [21]. Besides, one-
piece implants are asserted to demonstrate minimal 
absorption of the peri-implant bone through the absence of 
a micro-gap related with the micro-leakage and bacterial 
contamination [22]. 

Balkin et al. [23] reported that small-diameter implants 
give similar osseointegration values to large-diameter 
implants. However, since small-diameter implants have 
less surface area, they can produce different stress-strain 
transfer parameters according to standard implants and 
endanger the support provided by the surrounding bone 
[24]. Moreover, the studies show that the implant's fracture 
resistance is reduced by 50% by decreasing the standard 
implant diameter by 20% [25]. Besides, the use of angled 
teeth in small-diameter implants increases the transfer of 
the stimulus (stress, energy density, strain, etc.). 

In this study, the effects of different groove geometries 
in small-diameter conical implants on stress and strain 
changes on alveolar bone and implant are investigated by 
the finite element method (FEM). Thus, the effect of 
groove geometry on stress shielding is examined via the 
stress transfer parameter. The stress transfer required for 
bone regeneration is evaluated through non-dimensional 
numbers that characterize the load-sharing between the 

bone-implant interface for different groove geometries. 
Hence, considering the bone loss that may occur on the 
peripheral bone, it is aimed to investigate which groove 
profile is superior for small-diameter implants. 
 
2 MATERIALS AND METHODS 
 

The one-piece small-diameter conical screw implants 
and bone layers are modelled in SolidWorks® (Dassault 
Systemes, Waltham, MA, USA) design software. The 
cortical bone layer is 2 mm thick [26], and the trabecular 
bone layer is modelled as 32 mm × 28 mm × 25 mm. The 
implant models with titanium material are based on the 
Nobel Biocare® (NobelDirect Groovy NP, Gothenburg, 
Sweden) 2015-2016 product catalogue [27]. The diameter 
and length of the implant are determined as 3,5 mm and 13 
mm, respectively. The dental crown features are ignored, 
and the model is formed as one-piece [22]. As a pitch 
length, 0,6 mm is selected, which is the most widely used 
commercially (Fig. 1). 
 

(a) (b) 
Figure 1 (a) Cortical and trabecular bone (b) implant dimensions 

 
This study investigated rectangular (q1 = q2 = 90º), 

symmetrical (q1 = q2 = 15º), buttressed (q1 = 5º, q2 = 20º), 
and reverse buttressed (q1 = 20º, q2 = 5º) groove geometries 
(Fig. 2). The groove width is kept constant at 0,4 mm for 
all groove geometries. Tooth width and tooth height are 
chosen as 0,2 mm and 0,25 mm, respectively, in all 
geometries. The height of the tooth section is determined 
as 12,1 mm, and the largest diameter is 3,5 mm. The largest 
diameter on the tooth portion is 3 mm, whereas the smallest 
diameter is 2,1 mm. 

Thus, the finite element model is created, and 
boundary conditions are determined by transferring the 
implant geometries to ANSYS® 16.1 (Canonsburg, PA, 
USA) Workbench (Fig. 3). A proper definition of the 
contact model between bone and implant is clinically 
important. The micro-motions and osseointegration 
complicate the connection form between the implant and 
the surrounding bone at the interface. In this regard, some 
studies in the literature assume that the bone-implant 
interface is 100% bonded or fully osseointegrated [28]. In 
contrast, others defined a friction coefficient between the 
bone and implant interface [29]. Defining the bone-implant 
interface as fully osseointegrated may cause a decrease in 
bone displacement and stress values. Besides, this is not 
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suitable for modeling from a clinical point of view. In 
reality, most implant systems have micro-motions at the 
bone-implant interface. Jamadagni et al. [29] obtained the 
average friction coefficient between titanium and the bone 

as 0,5 using finite element analysis for a dental implant 
application. As a result, this study defined a friction 
coefficient of  0,5 to the bone-implant interface, 
considering the bone and implant micro-motions. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 2 Groove geometries and dimensions 
 

 
(a) 

 
(b) 

 
(c) 

Figure 3 (a) FEA model of the implant (b) mesh structure and (c) boundary conditions 
 

This study performed static structural analysis via 
ANSYS® 16.1 software. Three-dimensional tetrahedral 
mesh elements with four nodes and four faces are used 
according to geometry. The 0,3 mm element size is used 
for the trabecular bone and 0,3 mm cortical layers for the 
implant. Besides, a surface element (face-size) of 0,1 mm 
is assigned for all surfaces of the implant-cortical-
trabecular interfaces as a local element size. The mesh 
quality is checked before the simulations considering that 
the mesh structure preferred can affect the accuracy of the 
results obtained [30]. 

The mesh quality used in 3D finite element simulations 
is evaluated with the general quality indicators. It is 
determined that the maximum skewness value of the mesh 
is below 0,95, and the average skewness value is lower than 
0,33. Another indicator investigated is the orthogonal 
quality value. The orthogonal quality value approaching 1 
indicates that a better mesh structure has been obtained. In 
contrast, if the orthogonal quality value approaches 0, the 
mesh structure deteriorates. The minimum orthogonal 
quality for all types of cells should be more than 0,01, with 
a significantly higher average value. This study defined the 
minimum orthogonal quality as 0,06, and the average 
orthogonal quality of 0,81 for the finite element 
simulations. As a result, it can be stated that the mesh 
structure is adequate for realistic results. 

The outer surface of the trabecular and cortical layer is 
fixed to the working environment with the fixed contact 
model. The implant geometries are allowed to displace 
along the z-axis. The vertical load of 150 N, 200 N, 250 N, 
and 300 N [12-14] is applied, respectively, to the top of all 
implant models placed in the right molar region as a 
distributed load. In the study, the stress distribution is 
represented as σvm (von Mises Equivalent Stress). Based on 
the tension stress σts and the compression stress σcs, the 
equivalent von Mises stress value can be calculated as 
follows: 
 

 0 52 2 ,

vm ts cs ts cs                                                  (1) 

 
Stress transfer parameter (STP), which can be 

expressed quantitatively to characterize the load-sharing 
between the implant and the bone, has been defined as non-
dimensional numbers. These dimensionless numbers play 
an important role in assessing the load-sharing between the 
implant and the surrounding bone. Thus, the effects of 
stress shielding in different groove geometries can be 
compared with these dimensionless numbers. 
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Figure 4 Implant geometry and definition of regions for calculating the average 

screw-thread stress values [16] 
 

In the study by Gefen [16], the values taken along the 
implant shown in Fig. 4 are given as the average of the 
equivalent stresses. The σbi and σtj respectively, on the 
groove geometry, represent the stress values in the bone 
and on the screw groove geometries. 

The STP is calculated by the effective mean stress 
values taken over, the trabecular and adjacent to 
surrounding bone, implant groove geometries. The 
following formulas define the ratio of the stress value in 
the bone to the stress value on the conical thread section 
during the loading time: 
 

1
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SumSTP STP STP                                                                (4) 

 
In this formulation, STPα represents the transfer of 

stress to the peripheral bone through the first tooth. The σt1 
represents the mean stress value that is read on the first 
tooth. The σb1 represents the average stress values that are 
read from the first bone region shown in Fig. 4 in the 
trabecular bone volume resisting the tensile strength 
surrounding the implant. The STPβ defines the total stress 
transfer from the second tooth to the peripheral bone 
through the entire other tooth segments. The STPSum 
represents the total value of the stress transfer on the 
peripheral bone through the first tooth and all the 
remaining teeth. Ideally, the stress transfer should be 
maximum between the bone and the implant. The low STPα 
and STPβ ratios indicate that stress transfer is also low [16]. 
This may cause bone loss in the surrounding bone. 
 

Table 1 Material properties defined for each geometry 
 

Properties 
 

Unit 
Titanium 

Implant (Ti-
6Al-4V) 

Trabecular 
Bone 

Cortical 
Bone 

Young's 
Modulus 

GPa 105 1 20 

Poisson 
Ratio 

 0,35 0,35 0,35 

 
Local anisotropy on bone tissue has been previously 

described in the literature [22, 31, 32]. It is also known that 
the linear isotropic identification of bone tissue material 
showed a decrease in stress-strain values in bone tissue 

[31]. In this study, Ti-6Al-4V titanium alloy is used as the 
implant material. Besides, isotropic, homogeneous, and 
linear elastic material is defined for the implant, trabecular 
bone, and cortical bone, as presented in Tab. 1 [17]. 
 
3 RESULTS AND DISCUSSION 
 

Numerical 3D finite element simulations were 
performed for different loading conditions (150 N, 200 N, 
250 N, and 300 N), considering patient diversity. In this 
regard, the effects of four different groove geometries 
(rectangular, symmetrical, reverse buttressed, and 
buttressed) on stress distribution and stress transfer were 
investigated comparatively. The obtained findings are 
presented by dividing them into two groups for effective 
comparison and interpretation. First, the effects of different 
groove profiles on stress distribution and stress transfer 
under 150 N loading were examined, and the results were 
interpreted. Then, the findings obtained for 200 N, 250 N, 
and 300 N loading conditions are presented with tables, and 
the results are compared among themselves. 

It is observed that the maximum stress value of all 
implants under the 150 N force is in the regions close to the 
last tooth (Fig. 5). It can be stated that the groove geometry 
affects the equivalent stress value that occurred on the 
implant. The lowest equivalent stress value is observed on 
the rectangular profile implant with 40,99 MPa (Fig. 5a). 
The highest equivalent stress value of 46,77 MPa is 
observed on the implant with the buttressed groove 
geometry (Fig. 5d). It is obtained that the equivalent 
stresses in implants with symmetric and reverse buttressed 
groove geometry are 43,80 MPa and 42,57 MPa, 
respectively. There is no significant difference between 
these two groove geometries. It is noticed that the high-
stress values on the implants are in the last tooth regions 
where there is sharp rotation in the geometry. 

Lee et al. [24] developed nine different thread designs 
considering the thread shape and taper. The geometric and 
mechanical effects of the symmetric, square, and 
buttressed profiles on marginal bone were evaluated 
numerically. The square profile was found to have the 
largest contact area. As a result, the lowest equivalent 
stress was obtained for the square profile under each 
condition determined. This study similarly obtained the 
lowest equivalent stress in the rectangular groove geometry 
with the largest contact area (Fig. 2 and Fig. 5). 

As shown in Fig. 5, the equivalent stress densities on 
implants are observed to be distributed along the tooth 
portion that contacts the trabecular bone because of contact 
with the surrounding bone, the tooth region away from the 
shaft body of the screw. Besides, the stress value increases 
from the first tooth to the last tooth in all implant designs. 
This result is due to the fixed boundary condition defined 
in the interface. These values are the mean stress values 
taken from the outermost line of the groove geometry to 
the centre of the screw at a distance of 0,1 mm. 

This study calculated the average equivalent stress 
values from the first tooth to the last tooth over the entire 
tooth section (Fig. 6) for the different groove geometries. 
In Fig. 6a, the measurement points on the implant having 
the rectangular groove geometry are presented. Besides, 
the measured values are given for all groove geometries in 
Fig. 6b. 
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Figure 5 Equivalent stress distributions on implant models due to groove geometries (a) Rectangular, (b) Symmetrical, (c) Reverse Buttressed, and (d) Buttressed 

 

 
Figure 6 (a) Equivalent stress values at determined points on the rectangular profile, (b) graph of measured stress distributions on the implant due to groove geometries 

 
The equivalent stress distributions in the cortical bone 

region under a tensile force of 150 N for the different 
groove geometries are given in Fig. 7. The lowest average 
equivalent stress value is 29 MPa on the cortical bone with 

the buttressed groove geometry (Fig. 7). However, this 
value is obtained to be about 33 MPa in the other three 
groove geometries. 

 

 
Figure 7 Equivalent stress distributions on the cortical bone regions due to groove geometries (a) Rectangular, (b) Symmetrical, (c) Reverse Buttressed, and (d) 

Buttressed 
 

When the results are examined, it is observed that the 
maximum equivalent stress values on implants are at the 
lowest tooth region due to the groove geometry. Equivalent 
stress values on the trabecular bone are given in Fig. 8. The 
highest stress values are observed in the region surrounding 
the implant (Fig. 8).The maximum equivalent stresses are 
very close to each other. The stress increases in the last 

tooth proportional to the stress distribution on the implant. 
The highest equivalent stress value is observed in the bone 
area of the implant with symmetric groove geometry, while 
the lowest equivalent stress value is observed in the 
trabecular bone region of the implant with rectangular 
groove geometry. 
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Figure 8 Equivalent stress distributions on the trabecular bone regions due to groove geometries (a) Rectangular, (b) Symmetrical, (c) Reverse Buttressed, and (d) 

Buttressed 
 

Oswal et al. [33] designed implants with symmetrical, 
buttressed, and reverse buttressed geometries. The 
implants were placed in the molar region, and the 3D finite 
element simulations were performed. The stresses on 
cortical and trabecular bone and the implant were 
examined, respectively, and the results were compared 
among themselves. The symmetrical profile was found to 
be caused higher stress on the trabecular bone compared to 
the buttressed and reverse buttressed thread models. 
Eraslan and İnan [34] examined the influence of four 

thread configurations on the stress distribution. A greater 
stress concentration was found at the cortical bone layer 
compared to the trabecular bone layer. Wu et al. [28] 
performed both in vitro strain gauge tests and 3D finite 
element analysis to investigate the biomechanical effects 
of the implant designs. Implant designs were compared for 
three types of loading conditions. It was observed that the 
peak von Mises stress in the cortical bone was considerably 
higher than in the trabecular bone for all conditions. These 
results support the current study [28, 33, 34]. 

 

 
Figure 9 Bone-implant stress measurement points at the bone interface and graph of the measured stress distribution due to groove geometries 

 
It is observed that the minimum stress values are in the 

bone adjacent to the implant body. The reason for this is 
the presence of a fixed contact interface between the 
implant groove geometries and the bone. This situation 
proves the existence of stress shielding [16, 17]. The high-
rigidity titanium alloy implant carries a large part of the 
shared load, which results in a decrease in the equivalent 
stress in the adjacent bone regions. Fig. 9 presents the stress 

measurements on the trabecular bone layer and mean 
equivalent stress values obtained from the defined points. 
The average equivalent stress distribution measured 
between the trabecular bone and the groove geometry 
increases as the final tooth region is moved over the 
implant. 

The higher STP allows for more stress transfer from 
the implant to the bone. Thus, the effects of possible and 
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unwanted destructive stress shielding effects on the 
surrounding bone are reduced. It is known in the literature 
that the mechanical stimulus method is used to express the 
stress transferred from implant to bone [16, 17]. The STPα 
is calculated via Eq. (2), and the STPSum, calculated via Eq. 
(4). The stress transfer on the surrounding bone through the 
first tooth region and the whole tooth portion (STPα and 
STPSum) for different groove geometries are presented in 
Fig. 10. 
 

 
Figure 10 Stress transfer values from the first tooth region to the surrounding 

bone over the whole tooth portion 
 

Tetteh and McCullough [35] investigated the effects of 
various thread designs on the stress transfer using the FEM. 
The influence of the square, trapezoidal, and buttressed 
profiles on stress transfer were compared and interpreted. 
It was indicated that stress transfer improved when the 
screw thread had a smaller contact area with the 
surrounding bone. Consequently, it was noted that a higher 
amount of stress could be transferred to the surrounding 
bone, with the buttressed profile having a higher stress 
distribution than the square thread profile. This study also 
found the highest stress transfer in buttressed design, where 
the highest equivalent stress occurred (Fig. 5 and Fig. 10). 
Hereby, it can be stated that the findings of the current 
study are consistent with the literature [24, 28, 33-35]. 

This study also investigated the stress distribution and 
stress transfer in small-diameter conical dental implants 
under the 200 N, 250 N, and 300 N loading conditions in 
order to generalize the results obtained in accordance with 
the clinical point of view, considering patient diversity 
(i.e., age, gender, parafunctional habits, and anterior to 
posterior in the same mouth, etc.). In this regard, the 
equivalent stress distributions on the implant models, 
cortical bone, and the trabecular bone regions due to 
groove geometries were also examined for 200 N, 250 N, 
and 300 N loading conditions, respectively. In this section, 
the results obtained for all loading conditions (150 N, 200 
N, 250 N, and 300 N) are presented in tables. The findings 
were compared among themselves, and the results were 
interpreted. 
 

Table 2 Maximum equivalent stress values on implant models due to groove 
geometries 

Loads / 
N 

Maximum Equivalent Stress Values Due to Groove 
Geometries / MPa 

Rectangular Symmetric 
Reverse 

Buttressed 
Buttressed 

150 40,991 43,803 42,570 46,771 
200 54,655 58,404 56,760 62,361 
250 68,318 73,005 70,950 77,952 
300 81,982 87,606 85,140 93,542 

Tab. 2 indicates the maximum equivalent stress values 
on the implant models according to groove geometries for 
all loading conditions. It was observed that the highest 
equivalent stress occurs in buttressed geometry for all 
conditions. In contrast, the lowest equivalent stress values 
were obtained in the rectangular geometry with the largest 
contact area (Fig. 2 and Tab. 2). It was found around a 3% 
difference between the symmetric and reverse buttressed 
geometries under all loading conditions. 

Moreover, the maximum equivalent stress values on 
the cortical bone region under the various loading 
conditions (150 N, 200 N, 250 N, and 300 N) for the 
different groove geometries are given in Tab. 3. As a result, 
it was observed that the buttressed groove geometry causes 
the lowest stress values in the cortical bone region for all 
loading conditions. The stress values occurred by the 
rectangular, symmetrical, and reverse buttressed groove 
geometries on the cortical bone regions found to be close. 
In this regard, it can be stated that the buttressed profile 
showed superior performance in terms of equivalent stress 
distributions on the cortical bone regions. 
 
Table 3 Maximum equivalent stress values on the cortical bone regions due to 

groove geometries 

Loads / 
N 

Maximum Equivalent Stress Values Due to Groove 
Geometries / MPa 

Rectangular Symmetric 
Reverse 

Buttressed 
Buttressed 

150 33,364 33,772 33,846 29,804 
200 44,485 45,029 45,128 39,739 
250 55,607 56,287 56,410 49,673 
300 66,728 67,544 67,692 59,608 

 
Table 4 Maximum equivalent stress values on the trabecular bone regions due 

to groove geometries 

Loads / 
N 

Maximum Equivalent Stress Values Due to Groove 
Geometries / MPa 

Rectangular Symmetric 
Reverse 

Buttressed 
Buttressed 

150 3,532 4,301 3,730 3,887 
200 4,710 5,734 4,974 5,183 
250 5,887 7,168 6,218 6,479 
300 7,065 8,602 7,461 7,775 

 
Tab. 4 shows the maximum stress values on the 

trabecular bone regions according to different groove 
geometries. It was determined that the symmetrical profile 
has the highest equivalent stress value for all loading 
conditions. A difference of approximately 10% was 
observed between the stress values when the buttressed and 
the rectangular profiles were compared. This difference is 
around 4,2% for the buttressed, and the reverse buttressed 
groove geometries (Tab. 4). It can be easily seen from Tab. 
3 and Tab. 4 that the stress that occurred in the cortical bone 
region is much higher than in the trabecular bone region. 

Implant design is considered a vital criterion in stress 
transfer to the surrounding bone [28]. Bone regeneration in 
trabecular bone structures is known to be due to stress 
transmitted to the peripheral bone through the implant. 
Each increase in stresses in the peripheral bone promotes 
bone regeneration by distributing bone density. In contrast, 
the reduction in stresses leads to bone loss, thus loosening 
the implant and eliminating mechanical stability. Ideally, 
the stress transfer is expected to be 0,96 - 0,99. However, 
this is when the two contacting materials have the same 
mechanical properties, and complete contact is provided. 
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This study revealed that long-term implant stability might 
be dangerous since the stress transfer value for all different 
profiles was used in the range of 0,141 - 0,156 for the 
small-diameter conical implants. 

STP is considered as a mechanical stimulus model to 
promote bone regeneration in peripheral bone with 
different groove profiles under load. In the symmetric 
profile (q1 = q2 = 15º), the lowest stress transfer to the 
surrounding bone with the total stress transfer of 0,141 is 
observed. Moreover, the maximum stress transfer with the 
total stress transfer of 0,156 is obtained for the buttressed 
profile (q1 = 5º, q2 = 20º). In the literature, it has been 
reported that bone loss is the least around the first tooth. 
Thus, the reverse buttressed groove profile is reduced over 
the total tooth section to the surrounding bone. The 
buttressed groove profile decreased the stress transfer 
value of the first tooth section compared to the rectangular 
profile and increased the total stress transfer value from the 
first tooth to the last tooth. Hereby, it can be stated that 
stress transfer leads to a more uniform transfer of stress to 
the peripheral bone by reducing the condensation only in 
the first tooth region and increasing the stress transfer 
through the other tooth section. 

The cortical bone provides much better support to the 
implants than the trabecular bone, and its rigidity is much 
better (Fig. 7 and Fig. 8). The cortical bone accommodates 
higher maximum equivalent stress zones than the 
trabecular bone according to the shape of the loading to 
which it is exposed. It is possible to reduce local high 
equivalent stress regions on the cortical bone by altering 
the shape of the implant groove profile. The results 
obtained from Fig. 7 show that the buttressed groove 
profile reduces the maximum equivalent stress value in the 
cortical bone by 11%. This may lead to a reduction of the 
localized high maximum equivalent stress in the cortical 
bone and show that the surrounding trabecular bone with 
the buttressed groove profile results in more uniform and 
more stress transfer. It is known that the increase obtained 
in the stress transfer, according to Wolff's law [10], leads 
to an increase in bone mass by encouraging bone 
regeneration in the surrounding bone where the implant is 
adhered to and the long-term success in implant stability. 

The high success rates of small-diameter implants 
continue to be reported [21]. Thus, the number of studies 
on finite element (FE) regarding dental implants, which 
allows investigating the stress-strain distributions is also 
increasing [22, 24, 34]. However, there are some 
limitations to this study. This study defined isotropic, 
homogeneous, and linear elastic material properties that 
cannot fully simulate living tissue. More accurate analyses 
can be conducted by considering the more realistic material 
properties, bone porosity, roughness of implant surface, 
and natural conditions. Future clinical studies are needed 
to evaluate the effect of thread profiles on stress 
distribution and stress transfer in small-diameter conical 
implants. 
 
4 CONCLUSION 
 

This study aimed to compare different groove 
geometries to determine the most suitable profile for long-
term implant stabilization in small-diameter conical 
implants. As a result, it is observed that the findings 

obtained are consistent with the literature. It is seen that 
buttressed groove profiles caused an increase in the stress 
transfer to the surrounding bone by 7,80%, according to the 
symmetrical profile. Therefore, it is obtained that optimum 
stresses that promote bone re-formation in the peripheral 
bone reach the surrounding bone and reduce the negative 
stress shielding effects caused by the difference in stiffness 
at the bone-implant interface. It is concluded that the most 
appropriate groove profile is the buttressed profile. This is 
due to the reduction of the maximum equivalent stress 
value on the cortical bone and increasing the stress transfer 
in small-diameter conical implants. The lowest maximum 
equivalent stress value is observed in the rectangular 
profile implant, while the equivalent stress values for all 
profiles are below the yield limit. No plastic deformation 
is observed in any area of the implant geometries under 150 
N, 200 N, 250 N, and 300 N loading conditions. 

It is observed that the rectangular profiled groove 
geometries have a lower maximum equivalent stress value 
than the different groove geometries. In the design of the 
implant, it is found that the groove geometries should be 
considered in a way to minimize the effects of stress 
shielding in bone reconstruction and to allow the transfer 
of the stimulus required for bone reconstruction. 

This study found the rectangular groove geometry as 
the most suitable profile in terms of stress distribution. 
Still, for the small-diameter conical implants, the 
buttressed groove geometry determined the most suitable 
profile to minimize the stress transfer and stress shielding 
effects. Compared to the buttressed profile, the rectangular 
profile implants are 2,57%, the reverse buttressed implants 
are 3,39%, and the symmetrical profile implants are 
allowed 11,5% lower stress transfer. While the ideal stress 
transfer is expected to be between 0,96 and 0,99, this ratio 
is less than 85 - 88%, which compromises the long-term 
stabilization of small-diameter conical implants in the 
bone. This deviation from the ideal value in the stress 
transfer is due to the stress shielding effect. 
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