
Volume 3 • Issue 3. 1000178
J Interdiscipl Med Dent Sci
ISSN: 2376-032X JIMDS, an open access journal

Research Article Open Access

Poghosyan et al., J Interdiscipl Med Dent Sci 2015, 3:3 
DOI: 10.4172/2376-032X.1000178

Review Article Open Access

JBR Journal of Interdisciplinary 
Medicine and Dental Science

*Corresponding author: Dr. Anna Yu. Poghosyan, Department of Maxillofacial
and ENT Surgery "Heratsy" №1 University Hospital, 13 Avag Petrosyan Str., 18 
apt, Yerevan 0001, Armenia, Tel: +374 91 474 169; E-mail: anna.yu.poghosyan@
gmail.com

Received: March 12, 2015; Accepted: June 05, 2015; Published: June 09, 2015

Citation: Poghosyan AY, Muradyan TA, Grigoryan NE (2015) Comparison 
Evaluation of Periimplant Alveolar Crest Stress/Strain Distribution Ability Depending 
on Alveolar Bone Density: Mathematical Model. J Interdiscipl Med Dent Sci 3: 178. 
doi: 10.4172/2376-032X.1000178

Copyright: © 2015 Poghosyan AY, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
original author and source are credited.

Comparison Evaluation of Periimplant Alveolar Crest Stress/Strain 
Distribution Ability Depending on Alveolar Bone Density: Mathematical 
Model
Anna Yu Poghosyan1*, Tigran A Muradyan2 and Norik E Grigoryan3

1Department of Maxillofacial and ENT Surgery "Heratsy" №1 University Hospital, Armenia
2Muradent Dental Clinic, Ejmiatsin, Armenia
3A.I. Alikhanyan National Science Laboratory, Yerevan, Armenia

Keywords: Crestal bone resorption; Strain analysis; Alveolar bone
density; Mathematic model

Introduction
Maintenance of peri-implant bone support is one of the most 

important criteria for implant therapy success [1]. A clinical studies 
shows that a progressive bone loss around the implant occurs when it 
undergoes functioning and may lead to implant failure [2]. The greatest 
stress after the osseointegration healing period occurs at the crest [3,4]. 

Unlike the natural tooth the implant doesn’t have periodont. 
Periodont is one of the main elements that provide teeth with 
amortization. In the presence of a dental implant, compared to 
a natural tooth, the stress and strain fields are altered for several 
reasons, including the lack of cushioning provided by the periodontal 
ligament, morphological differences between an implant and a natural 
tooth, and the differences in the material properties of the implant as 
compared to a natural tooth [5]. Alterations in loading conditions can 
result in bone remodeling, according to Wolff ’s law [6], which states 
that the adaptation of bone morphology is regulated by mechanical 
loading. To study long-term bone morphology, mathematical models 
of bone remodeling have been developed and were later adopted to 
predict dental implant-induced bone remodeling [7,8]. In addition 
to implant design, crestal bone geometry, and placement site, strain 
levels in periimplant bone can be affected by alveolar bone quality and 
implant insertion depth and can result in different bone maintenance 
characteristics [9].

Excessive functional load or traumatic occlusion may overstress 
the implant system and lead to peri-implant marginal bone loss 
[10,11]. Manz MC reported that crestal bone loss after successful bone 
integration was related directly to the bone density. If the stresses 
applied to an implant exceeds the physiological limitation of bone 
density around the implant, implant failure may occur [12,13].

Primary implant stability and bone density are variables that are 
considered essential to achieve predictable osseointegration and long-
term clinical survival of implants. Information about the influence of 
bone quality on stress distribution in an implant-supported crown is 
limited [14]. There are also limited Finite Element Analysis studies 
considering the influence of implant diameter and length, implant 

design, bone quality on stress distribution around implants [15-18].

The purpose of this study was to evaluate the biomechanical 
response of the periimplant bone stress/strain ability to loading forces 
depending on bone type by the mathematical modeling.

Material and Methods
The mathematical model analysis was chosen for the present study 

as it has proved to be a useful tool in estimating stress distribution in 
the contact area of the implant with surrounding bone. So, theoretical 
model of bone strain distribution ability is proposed. 

During absolutely elastic deformation the developed F  force is
equal to:

( )/elastF E l l s= ⋅ ∆ ⋅

Where E  - is Young’s modulus, ( )/l l s∆ ⋅  unit defines the
volume of linear deformation of the body (i.e. when one of the trimester 
features changes during deformation).

Young’s modulus ( E ) depends on the type of the material and
expresses the module of the force developed in one unit volume of the 
material during one unit deformation. It is expressed by the following 
formula:

( ) ( )/ / /elastE F s l l= ∆

where, s - is the surface area of the material, /l l∆ is the length
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change for one unit of length, elastF  is the elastic force exerted on an 
object under tension

Young’s coefficient is different for different types of bones [19]. E.g.

15000
1500

cort

spongy

E MPa
E MPa

≈

≈

But, for example, for periodont 1.18 2periodontE MPa≈ −

However, according to Lin et al. [11], the relationship between 
Young’s modulus and density for the cortical and cancellous bone is 
not necessarily identical. In continuum mechanics, the mechanical 
stress tensor consists of six independent components. As a result, these 
equations are, of course, approximate and theoretically meaningful, but 
they allow to make a conclusion that bones of different types ( 1 4D D−  
according to K. Mish) have different strain distribution ability.

The elasticity force depends on two criteria: the type of the material 
and its primary volume (as the material with great volume has a greater 
possibility to be deformed).

( )/elastF E l l s= ⋅ ∆ ⋅
, 
( / )l l s V∆ ⋅ = ∆ consequently 

 elastF E V= ⋅∆
The next calculations are aimed to show the differences of strain 

forces distribution ability in dependents of bone types

Thus, 1D type of bone is almost 100% cortical bone. So,

( ) ( )1 1 1 15000 15000cortF D V E V V N= ⋅∆ ⋅ = ⋅∆ ⋅ = ∆

2D type of bone is defined as 50% cortical and 50% spongy bone 
compound, so

( ) ( ) ( )2 2 cort cort spongy spongyF D V E D V E V E N= ∆ ⋅ = ⋅ + ⋅

( ) ( )2
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3D  type of bone is characterized as 25%  cortical and 75%
spongy bone, in the result
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4D
 
type of bone is defined by minimal number of cortical layers 

and mainly by fragile spongy layer.

We’ll calculate supposing 10% cortical layer and 90%  spongy 
layer.

( ) ( )4 4

0.1
0.9

cort cort spongy spongy

cort

spongy

F D V E D V E V E
V V
V V

= ∆ ⋅ = ∆ ⋅ + ∆ ⋅

∆ = ∆
∆ = ∆

Consequently follows 

( ) ( )4 0.9 0.1 0.9 1500 0.1 15000 3750 15000 2850spongy cortF D V E V E V V V V V N= ∆ ⋅ + ∆ ⋅ = ∆ ⋅ + ∆ ⋅ = ∆ + ∆ = ∆

So, we can conclude, that in the different bone types with the same 
V volume the different strain forces arise.
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For the linear absolutely elastic deformation we have got approximately 
the following values:

When comparing these values we can see that 3DF  and 4DF  
differ from 1DF  in 3 and 5 times respectively. We can see that 3D  
and 4D types of bones have 3 and 5 times less strain distribution ability 
than the 1D  type bone. So, if in case of 1 2,D D  bone types minimal 
amount of the neck surrounding bone should be 1mm, in case of 4D  
bone type this amount should be not less than 2-3 mm.

Discussion
The use of dental implants for the treatment of partial or complete 

edentulism has become an effective alternative in recent decades [20]. 
In a manner similar to that of an orthopedic implant, a dental implant 
serves as a load-bearing device that not only sustains masticatory 
forces, but also transfers loads to periimplant bone. Load transfer 
depends on successful healing of the osteotomy and osseointegration, 
which is characterized as a direct structural and functional connection 
between the bone and the implant surface [21,22]. The mechanical 
situation at the osseointegrated implant-bone interface is quiet different 
to that at the natural tooth-bone interface [23]. That is the reason 
why the implant and the neighboring bone are exposed to different 
stresses under bite forces as compared to the natural tooth. The ratio 
of amount of movements of a tooth in a healthy periodontium to that 
of a osseointegrated dental implant has been estimated to be between 
10: 1 and 100: 1 [24]. This potential difference in movement amount 
could result in gradual loss in crestal bone around the implant [25]. The 
masticatory forces induce axial forces and bending moments, which 
could result in stress on the implant as well as the surrounding bone. 
Bone tissue is known to remodel its structure in response to mechanical 
stress. Variations in the internal state of stress in the bone determine 
whether constructive or destructive remodeling will take place. Wolff 
first suggested that there is a relationship between bone structures and 
applied loads [6]. The bone acts as if has some sensors that can measure 
the internal load and activate the bone cells to make the bone grow or 
resorb [26].

Stresses induced by occlusal loads are initially transferred from the 
implant to the cortical bone, while a small amount of remaining stress is 
spread to the cancellous bone. It is also possible that higher strain values 
are observed in cortical bone as it presents a higher elastic modulus 
when compared with trabecular bone and thus has a greater ability to 
transfer stress [19,27,28]. There are scientific works with mathematical 
models and Finite Element Analysis where calculated influence of 
loading forces, abutment taper, implant length and width, insertion 
depth, periimplant bone type on stress distribution [5,9,15,27-29]. 

In all of this studies authors proposed the models in which they 
have supposed some definite loading force (axial or oblique) from 100 
to 400 N and Von Mises stresses and strains (ε) have evaluated. In our 
study we have tried to calculate the ability of bone withstand to formed 
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strains and stresses in depends on bone types. Our calculations have 
shown that the D1 and D2 bone types can endure more loading, than 
D3 and D4 if they have the same periimplant bone volume. But, if we 
can increase bone volume around implant either by bone augmentation 
or by choosing narrow implant so, we can increase bone ability to 
withstand loading forces. 

Conclusion
Taking the calculations into consideration we can assume that the 

choice of the implant diameter should depend also on bone qualities. 
The bones with different bone quality have different strain distribution 
ability, properly, different facility to dump the loading force. 

D3 and D4 bone types have less strain distribution ability, therefore, 
for implant loading forces compensation or forces dumping they needs 
in more bone thickness around implant, than D1 or D2.
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