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Abstract
In excessive reduced alveolar bone height patients, thickness of cortical bone is less and available bone height 
for placing implant is limited. Placing conventional long implant may invasive additional bone. To minimize 
unnecessary bone invasion, short implants is considered to be a good option. However, Crown-to-Implant (CI) 
ratio remains questionable in success of dental implant at different Bone-to-Implant Contact (BIC) levels.  
Therefore, biomechanical performance of short implants with suprastructure on the posterior atrophic mandible 
was then studied for difference of BIC contact and CI ratio. Six three-dimensional (3D) finite element models 
of a 6 mm short implant with 6 mm and 12 mm crown height represented a CI ratio of 1:1 and 2:1, respectively,  
with 30%, 60%, and 90% BIC were modeled. Uniform thickness of the cortical bone model was 1 mm covering 
the trabecular layer. Axial force of 200 N was applied to the occlusal surface. Results revealed that the maximum 
von Mises stress of bone is relatively low, indicating that low chance of bone resorption occurred. Elastic strain 
of cortex and trabecular at BIC level 30%, 60% and 90% were almost similar for CI ratios of both 1:1 and 2:1. 
Magnitude of elastic strain at a 30% BIC level was also in range for physiologic bone remodelling. These findings  
may help patients who have risk of low osseointegration.
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1 Introduction

After tooth extraction, surrounding bone begins  
remodelling process. Without functional tooth, so no 
occlusal load stimulates the bone remodelling, then 
bone around extraction site gradually loss and become 
atrophic (Figure 1). In order to prevent bone loss and 
atrophic, dentists usually place dental implants and its 
superstructure to restore the occlusal function.

 Dental implants are considered predictable, safe, 
and effective solutions for edentulous patients. Placing of 
dental implants requires exposing cortical and tubercular  
bone layers to make the proper cavity diameter,  
locating the implant position. Exposure changes bone 
structure as well as occlusal force pattern. Bone structure  
then adapts to such new environments.
 Dental implant may be categorized as short or 
long. The length of short dental implant is generally 
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less than or equal to 8 mm [1]. In excessive reduced 
alveolar bone height patients, typically thickness of 
cortical bone is less. Available bone height for placing  
implant is less than normal patient. Thus, placing 
long dental implant may invasive additional bone. To 
minimize the unnecessary bone invasion, short dental 
implants is considered to be an option for prosthetic 
restoration in the limited mandible anatomy.
 A key factor in the success of teeth replacements 
with dental implants is the load transfer from implant 
to the surrounding bone [2]. The level of load transfer 
depends on Bone to Implant Contact (BIC), which 
inducing the strain on the surrounding bone. Different  
strain magnitude responds to bone remodelling  
differently. Only the proper range of strain induces 
effective bone regeneration. Table 1 indicates bone 
response as described in Harold Frost's mechanostat 
hypothesis [3].

Table 1: Strain and bone response according to Frost’s 
mechanostat hypothesis [3]

Bone’s 
Threshold Microstrain Function

Critical Load < 200 Bone Resorption
Physiologic 
Load

1000–1500 Bone modeling with secondary  
lamellar bone deposition

Overload 1500–3000 Bone modeling with primary 
lamellar bone deposition

Pathologic 
Load

> 4000 Bone modeling with primary 
woven bone deposition

Bone Fracture 25000 Fracture

 A hundred percent BIC has been assumed for 
evaluating the performance of dental implant [4]. Yet 
that rate is never achieved 100% [5]. Only around 

50%–80% BIC is seen in case of clinical success [5]. 
Patients with osteoporosis, osteomalacia, diabetes 
or tobacco addiction may have low BIC levels. This 
can affect dental implant stability, especially for 
short dental implants. Mandible atrophy has been  
encountered, with different procedures to solve this 
condition by prosthetic reconstruction. Aggressive  
procedures are used for bone blocking, bone grafting, 
and implanting. In cases of reduced alveolar bone 
height, short dental implants have recently become 
available, offering the dentists a ready option for  
prosthetic restoration. The risk of dental implant failure 
at a sample of low BIC level was examined here.
 In addition, Crown-to-Implant (CI) ratio remains 
questionable in success or failure of dental implant at 
different BIC levels. Dental implants at differing BIC 
contact levels were also biomechanically analyzed.
 BIC level analysis by mechanical testing would 
mean controlling exact BIC levels [6]. Instead, biological  
performance related to BIC may be studied by Finite 
Element (FE) method, a useful approach for diverse 
biomedical problems [2], [7]. Three-dimensional 
(3D) FE models were then constructed and analyzed 
in this study.

2 Materials and Methods

Using Computer-Aided Design (CAD) software, a 
3D model of a crown, posterior mandibular segment 
in the molar region with 4.8 mm diameter dental  
implant with 6 mm length and abutment complex was 
modeled. The FE analysis was performed using FE 
software (Patran/Marc Mentat 2005 R2, MSC Software 
Inc., USA).
 FE analysis included six cases with two different 
CI ratios of 2:1, and 1:1, with BIC levels of 30%, 60%, 
and 90%

2.1  3D CAD model geometry

3D representation of bone layers and short dental 
implant-abutment complex (abutment, screw, and 
implant) was created using CAD software (VISI 20, 
Vero software, UK), first molar crown geometries were 
derived by direct model scanning using a Chairside  
Economical Restoration of Esthetis Ceramics (CEREC)  
digital scanner (Sirona Dental Systems, Inc, USA). 
 Bone studied was type-3, as described by Lekholm  

Figure 1: Bone remodelling after tooth extraction.
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and Zarb [8]. A thin layer of cortical bone surrounded 
a core of trabecular bone. Thickness of cortical bone 
was uniformly 1 mm, covering outer surface of the 
trabecular layer. 3D primitive models of bone were 
created instead of freeform models derived from bone 
anatomy to ease of geometric control for definition of 
Lekholm and Zarb type 3. Many previous publications 
were also used the primitive models in the FE analysis 
relating to Lekholm and Zarb bone classification, for 
example, Winter et al [9], Okumura et al. [10], Lofaj  
et al. [11], and Li et al. [12]. Short dental implants with  
4.8 mm diameter and 6 mm length were placed at the 
bone center to virtually simulate restoration conditions. 
Two crown models with 6 mm and 12 mm heights 
were created from scanning data placed over the 
dental implant abutment complex to simulate analysis 
conditions for CI ratios 2:1, and 1:1, respectively. The 
bone-implant models are presented in Figure 2.

2.2  FE model generation

Bone and short dental implant CAD models were 
then divided into elements and nodes for FE analysis.  
Automatic mesh generation was used to generate 
4-node tetrahedron elements. Number of node and 
element used in analyses was determined by FE 
convergence test. Models used in FE convergence 
test included CI ratios of 1:1 and 2:1, with BIC 
90%. Implant and bone stresses were monitored as  
representative parameters in the FE convergence test.

2.3  Materials properties

All material properties assigned to FE models were 
assumed to be linearly elastic, homogenous, and 
isotropic. Corresponding material properties such as 
elastic modulus and Poisson’s ratio were determined 
by literature survey. (Table 2)

Table 2: Mechanical properties of different materials 
used in the model

Materials Elastic Modulus 
(MPa)

Poisson’s 
Ratio

Crown (Zirconia) [13] 205,000 0.30
Dental Implant-abutment 
Complex (Ti-6Al-4V) [14]

110,000 0.35

Cortical Bone [14] 14,000 0.30
Trabecular Bone [14] 1,400 0.30
Mucosa [15] 3.45 0.45

2.4  Contact conditions

All models of dental implant abutment complex were 
assigned relative displacement conditions. Crown 
contact to abutment and mucosa were set at no relative 
displacement and relative displacement conditions, 
respectively. Cortical bone and trabecular bone layers 
were also set at no relative displacement. Bone-implant 
interface was assumed to be perfect, simulating  
complete osseointegration [16]. BIC levels depended 
on assumption of elemental quantity of implant contact 
to bone. Higher contact element numbers presents 
higher BICs. As shown in Figure 3, pink color indicates 
elemental region presenting bone osseointegration 
to implant, whereas black color indicates elemental 
regions presenting non-bone osseointegration. Larger 
area of the pink corresponds to higher BICs.

2.4  Boundary conditions

A 200 N of axial force was applied vertically to 
the occlusal surface [16]. Since, the model presents 
distal half of mandible. Generally, fix-displacement  
constrains are applied on the distal end surface of cortical  

Figure 2: Model of bone-implant model, (a) CI ratio 
1:1, and (b) CI ratio 2:1.
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200 N

Load

Constraint

and trabecular bones of the FE model for the case of 
healthy bone [17]. In the bone atrophy, thickness of 
cortical bone is thin. The trabecular bone has a chance 
to be moved distalward when a load is applied. Thus, 
constrain was only applied on distal end surface of 
cortical layer. An example FE model with boundary 
conditions is shown in Figure 4.

3 Results

As shown in Figure 5, the FE convergence test shows 

the selected number of element for analysis for CI 
ratio 1:1 and 2:1. Greater number of element beyond 
the selected number affected the FE result slightly. 
This can be considered that number of element beyond 
the selected number is independent to the FE result.  
Therefore, second points shown in Figure 5 were  
selected as optimal number of element for analysis 
which was 256,802 elements with corresponding 
number of node of 62,628 nodes for CI ratio 1:1 and 
259,641 elements with corresponding number of node 
of 63,156 nodes for CI ratio 2:1.

Figure 3: BIC levels corresponding to numbers of 
contact element.

Figure 5: FE Convergence Analysis: (a), (b) stress exhibited on implant and (c), (d) stress exhibited on cortical bone.

BIC 30% BIC 90%

Figure 4: FE model with boundary conditions.
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 Stress level indicated risk of material failure. 
Figure 6 shows stress distribution on implants. Table 3  
shows maximum von Mises stresses exhibited on 
cortical bone, trabecular bone, and implant. It can be 
seen that maximum stresses on cortical bone with a 
2:1 exceeded for a 1:1 CI ratio by 1% to 12%. Similar 
trends were observed in stresses found on trabecular 
bone, with greater differences between 1:1 and 2:1 
CI ratios.  

Table 3: Von Mises stress

CI Ratio BIC 
Cortical Bone 

(MPa)
Trabecular 
Bone (MPa)

Implant 
(MPa)

1:1

30 33.4 7.8 297.4

60 35.8 9.1 280.3

90 30.6 6.3 268.4

2:1

30 37.4 8.5 328.3

60 38.3 11.1 295.4

90 30.9 7.8 258.5

 Elastic strain was used to evaluate bone response 
to occlusal load. Some range of elastic strain may lead 
to bone remodelling and bone resorption, as presented 
in Table 1.
 According to Table 4, elastic strain on surrounding  
bone differed slightly for a 1:1 and 2:1 CI ratio. 
90% BIC presented the lowest magnitude among all 
BIC levels under consideration for both 1:1 and 2:1 
CI ratios. BIC level was considered as a key factor  
influencing elastic strain on cortical bone. Elastic strain 
on trabecular bones was higher than on cortical bone, 
as noted in Figure 7 and 8.

Table 4: Elastic stain in bone
CI Ratio BIC (%) Surrounding Bone Strain (με)

1:1
30 1,341.1
60 1,367.8
90 1,297.1

2:1
30 1,306.4
60 1,350.3
90 1,271.2

Figure 6: Stress distribution on implant.
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Figure 7: Elastic strain around magical cortical bone. 

Figure 8: Elastic strain in bone cavity, buccolingual plane and mesiodistal plane.
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4 Discussions

Findings indicate that Von Mises stress found on 
implants was lower than yield stress of Ti-6Al-4V 
titanium alloy, which is 800–900 MPa [18]. This shows  
a low risk of implant breakage under a 200 N occlusal 
load. For all cases, Von Mises stress on cortical bone 
was below tensile strength of cortical bone, which 
is 100–150 MPa [19]. As a result, bone stress was 
not in critical level, thereby reducing marginal bone 
resorption.
 Loading mechanism of dental implant is an axial 
load. Implant surface slides besides the bone cavity 
surface, generating the strain on cortical bone along 
the implant. Axial load applied at the occlusal surface 
transfers directly from crown to implant. The implant 
then distributes the load to surrounding bone. Since, 
the occlusal surface is located at crush of tooth; its 
position is not co-centric to center of implant (Position 
is more in buccul direction), the stress distribution of 
implant is then more crowed in one side. In addition, 
strain distribution pattern is higher in buccul-lingual  
direction which is also affected from the vertical loading  
applied position on occlusal surface of the tooth.
 Elastic strain exhibited in the trabecular bone is 
greater than in the cortical bone, as noted in Figure 8.  
Lower elastic strain on the cortical bone is useful for 
stimulating bone remodelling. FE results affirm the 
finding of various reports [5], [20]–[24] that wide 
range of BIC (50%–80%) offers good clinical success.
 Patients with metabolic dysfunctions, osteoporosis,  
osteomalacia, diabetes or tobacco addiction, and similar  
complaints usually present decreasing of osteoblast  
function leading to suppress bone formation. Suppressing  
bone formation decreases BIC level. Suitability of 
short dental implant restoration for such patients may 
be judged by elastic strain. Bone elastic strain at 30% 
BIC is sufficient to stimulate bone remodelling. 
 1:1 and 2:1 CI ratios had similar biomechanical 
performance for bone remodelling, since elastic strains 
do not significantly differ. Therefore, 1:1 or 2:1 CI ratio 
can be both applied. In addition, short implant should 
be one of alternatives treatment for atrophic mandible 
tooth replacement.

5 Conclusions

FE analysis shows that stress distribution on surrounding  

bone was in low magnitude, indicating low risk of 
bone resorption. Low BIC presents physiologic elastic  
strain around bone for remodelling. Elastic strain, 
biomechanical performance at 30% and 60% BIC 
did not differ nor was CI ratio affected. In addition, 
30% BIC optimally maintained elastic strain range for 
physiologic bone remodelling. At 90% BIC, elastic 
strain level reduced to lower magnitude for both 1:1 
and 2:1 CI ratios. Short implant with 1:1 or 2:1 CI 
ratio can be one of alternatives for atrophic mandible 
tooth replacement.
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