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Abstract: A fundamental prerequisite for the clinical success in dental implant surgery is the fast and stable implant osseointegration. 
The mechanical properties of the trabecular and cortical bone found within the oral environment exhibit a high degree of variation as a 
function of load direction, rate and duration. A thorough analysis of the biomechanics of dental implantology requires a detailed 
knowledge of bone mechanical properties as well as an accurate definition of the jaw bone geometry. The purpose of this article is to 
provide a review of the biomechanical response, influence of stresses due to mechanical loads on dental implant and corrosion of 
biomaterials in dental implantology.  
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1. Introduction 
 
Civil engineers are most commonly involved in the design 
and construction of buildings, bridges, towers, flyovers, 
tunnels, offshore structures like oil and gas fields in the sea, 
aerostructures etc. They can also be involved in the design of 
machinery, medical science, vehicles or any item where 
structural integrity affects the items functional safety. 
Structural theory is based upon physical laws and empirical 
knowledge of the structural performance of different 
materials and geometrics. This involves identifying the loads 
which act upon a structure, and the forces and stresses which 
arise within that structure due to those loads and then 
designing the structure to successfully support and resist 
these loads. Structural engineering design utilizes a number 
of simple structural elements to build complex structural 
systems. The complicated relationships between bone 
components and dental implants have attracted the attention 
of structural mechanics researchers as well as dental 
practitioners. Several advantages of Implant supported 
prosthesis are to maintain bone, restore and maintain 
occlusal vertical dimension, maintain facial esthetics (muscle 
tone), Improve esthetics, improve occlusion, Increase 
prosthesis success, Improve masticatory performance, 
maintain muscles of mastication and facial expression etc. 
 
 Biomechanics is the study of the structure and function of 
biological systems by means of the methods of mechanics 
which is the branch of physics involving analysis of the 
actions of forces. Biomechanics uses the tools and methods 
of applied engineering mechanics to search for structure 
function relationships in living materials. The prognosis of 
implant supported prosthesis largely depends on 
biomechanical effect of force directions, force magnitudes, 
type of prosthesis, prosthesis material, implant design, 
number and distribution of supporting implants, bone 
density, and the mechanical properties of the bone implant 
interface[1,2,3]. The stresses on bone surrounding implants, 
abutments, and framework are as well important to evaluate 
because these structures, being the stiffest components of an 
implant prosthodontic system, bear a great amount of stress 

and are responsible for transmitting the load to the bone. 
Evaluating the mechanical behaviour of restorative materials 
is important in establishing their function. In recent years, 
understanding of stress pattern in dental structures has been 
of great interest[4]. 
 
2. Review of Literature 
 
The scope of review covers different parameters which 
effect the stress and strain distribution at the bone implant 
interface.  
 
2.1 Factors affecting loading on Implant 
 
Biomechanical stress is a significant risk factor in implant 
dentistry. Its magnitude is directly related to force. Different 
patient conditions place different amounts of force in 
magnitude, duration, type, and direction. In addition, several 
factors may multiply or increase the effect of these other 
conditions. Once the prosthesis option and key implant 
positions are determined, the potential force levels that will 
be exerted on the prosthesis should be evaluated and 
accounted for in order to modify the overall treatment plan. 
Several elements observed during the dental evaluation 
predict additional forces on future implant abutments. The 
initial implant survival, loading survival, marginal crestal 
bone loss, incidence of abutment or prosthetic screw 
loosening, and unrestrained restorations, porcelain fracture, 
and component fracture are all influenced by the force 
factors are as follows. 
 
A. Parafunctional Forces  
 
Parafunctional forces on teeth or implants are characterized 
by repeated or sustained occlusion and have long been 
recognized as harmful to the stomatognathic system[5]. These 
forces are also most damaging when applied to implant 
prostheses[6]. The lack of rigid fixation during healing is 
often a result of parafunction on soft tissue-bone prostheses 
overlaying the submerged implant. The most common cause 
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of both early and late implant failure after successful surgical 
fixation is the result of parafunctional forces. 
 
a) Bruxism: Bruxism primarily concerns the horizontal, non 
functional grinding of teeth. The forces involved are in 
significant excess of normal physiologic masticatory loads. 
Bruxism may affect the teeth, muscles, joints, bone, 
implants, and prostheses. These forces may occur while the 
patient is awake or asleep and may generate increased force 
on the system several hours per day. Bruxism is the most 
common oral habit[6]. The maximum biting force of bruxing 
patients is greater than average. Just as an experienced 
weight lifter can lift more weight, the patient constantly 
exercising the muscles of mastication develops a greater bite 
force. A man who chews paraffin wax for an hour each day 
for a month can increase the bite force from 118 to 140 psi 
within 1 week. A 37 year old patient with a long history of 
bruxism recorded a maximum bite force of more than 990 
psi. Bruxism changes normal masticatory forces by the 
magnitude( higher bite forces), duration (hours rather than 
minutes), direction (lateral rather than vertical), type (shear 
rather than compression), and magnification (four to seven 
times normal)[7].Materials follow a fatigue curve as shown in 
Fig.1, which is affected by the number of cycles and the 
intensity of the force.  

 
Figure 1: Fatigue Curve[8]. 

 
A force can be so great that one cycle causes a fracture. 
However, if a lower force magnitude repeatedly hits an 
object, the object will still fracture[8]. 
 
b) Clenching: Clenching is a habit that generates a constant 
force exerted from one occlusal surface to the other without 
any lateral movement. The habitual clenching position does 
not necessarily correspond to centric occlusion. The 
direction of load may be vertical or horizontal. The forces 
involved are in significant excess of normal physiologic 
loads and are similar to bruxism in amount and duration; 
however, several clinical conditions differ in clenching. The 
forces generated during clenching are directed more 
vertically to the plane of occlusion, at least in the posterior 
regions of the mouth[9]. Clenching increases the risk of 
mechanical failure, such as porcelain fracture, uncemented 
restoration, abutment screw fracture, implant body fracture, 
and crestal bone loss. 
 
c) Tongue thrust and size: Parafunctional tongue thrust is 
the unnatural force of tongue against the teeth during 

swallowing[10]. A force of approximately 41 to 709 gm/cm2 
on the anterior and lateral areas of the palate has been 
recorded during swallowing[11]. Although the force of tongue 
thrust is of lesser intensity than in other parafunctional 
forces, it is horizontal in nature and can increase stress at the 
permucosal site of the implant. 
  
B. Crown height space  
 
The interarch distance is defined as the vertical distance 
between the maxillary and mandibular dentate or dentate 
arches under specific conditions[12]. The CHS for implant 
dentistry is measured from the crest of the bone to the plane 
of occlusion in the posterior region and the incisal edge of 
the arch in question in the anterior region. CHS increases the 
amount of force, and mechanical related complications 
related to implant prostheses may also increase. The 
biomechanics of CHS are related to lever arm, when a 
cantilever is placed on an implant, moments on the implant 
body. When the crown height is increased from 10 to 20 
mm, moments are increased 200%. A 120 angle with a force 
of 100N will result in a force of 315 Nmm on a crown height 
of 15mm[8]. 
 
C. Masticatory Dynamics  
Masticatory muscle dynamics are responsible for the amount 
of force exerted on the implant system. Several criteria are 
included under this heading: patient size, gender, age, and 
skeletal position[13]. The size of the patient can influence the 
amount of bite force. In general, the forces recorded in 
women are 20 lb less than those in men. In a clinical report 
by van Steenberghe, partially edentulous men have a 13% 
implant failure rate compared with women with a 77% 
failure rate[14].  
 
D. Arch Position 
The skeletal arch position may influence the amount of 
maximum bite force. The maximum biting force is greater in 
the molar region and decreases as measurements progress 
anteriorly. Maximum bite forces in the anterior incisor 
region correspond to approximately 35 to 50 psi; those in the 
canine region range from 47 to 100 psi; whereas those in the 
molar area vary from 127 to 250 psi[15]. In addition, the 
forces at the second molar are 10% higher than at the first 
molar, indicative of a range from 140 to 275psi. The anterior 
biting force is decreased in the absence of posterior tooth 
contact and greater in the presence of posterior occlusion or 
eccentric contacts[16]. 
 
E. Opposing arch  
Natural teeth transmit greater impact forces through occlusal 
contacts than soft tissue borne complete dentures. In 
addition, the maximum occlusal force of patients with 
complete dentures is limited and may range from 5 to 26 psi. 
The maximum force generated in an implant prosthesis is 
related to the amount of tooth or implant supporting the 
opposing arch[17]. Dental implants are subjected to occlusal 
loads when placed in function. Such loads may vary 
dramatically in magnitude, frequency, and duration 
depending on the patients parafunctional habits. Passive 
mechanical loads may be applied to dental implants during 
the healing stage because of mandibular flexure, contact with 

Paper ID: 03111402 1086



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Impact Factor (2012): 3.358 

Volume 3 Issue 11, November 2014 
www.ijsr.net 

Licensed Under Creative Commons Attribution CC BY 

the first stage cover screw, and second stage permucosal 
extension.  
 
2.2 Influence of loading on Bone 
 
Bone is a structural foundation for a load carrying implant 
[3]. Trabecular bone is a porous, structurally anisotropic, in 
homogeneous material. The hard outer layer of bones is 
composed of tissue, due to its minimal gaps and spaces 
called as compact bone. Compact bone may also be referred 
to as dense bone. Its porosity is 5to30%. Trabecular bone 
accounts for the remaining 20% of total bone mass but has 
nearly ten times the surface area of compact bone. Its 
porosity is 30–90%. 
 
 Bone density is directly related to the strength and elastic 
modulus of bone. In denser bone, there is less strain under a 
given load compared with softer bone. As a result, there is 
less bone remodelling in denser bone compared with softer 
bone under similar load conditions [18].  
 
 Bone has different strength and stiffness depending on 
direction of the load. It is weaker when loaded under an 
angled force. The greater the angle of load, the greater the 
stresses to the implant bone interface. Angled loads increase 
the amount of shear loads to the bone as shown in Fig.2, and 
the bone is weakest to shear type loads[19].  

 
Figure 2: The Force Applied to an Implant Body with an 

Angled Load[19]. 
 
The noxious effect of angled loads to bone is further 
exacerbated because of the anisotropy of bone. Anisotropy 
refers to how the character of bones mechanical properties, 
including ultimate strength, depends on the direction in 
which the bone is loaded. Bone is strongest when loaded in 
compression, 30% weaker when subjected to tensile forces, 
and 65% weaker when loaded in shear as shown in Fig.3. 

 
Figure 3: Bone is Strongest Under Compression Forces, 

30% Weaker to Tensile Forces, and 65% Weaker to Shear 
Forces[19]. 

 
Cortical bone can withstand more stress but less strain. 
Trabecular bone can undergo more strain before fracturing. 
Dense cortical bone is 10 times stronger than the soft, fine 
trabecular bone. D2 bone is approximately 50% stronger 
than D3 bone. The stiffness of the bone is affected by the 
bone density. Youngs modulus for compact bone is 10 times 
larger than cancellous bone. The denser the bone, the stiffer 
the bone, and the less biomechanical mismatch to titanium 
during loading. The mechanical properties of the trabecular 
and cortical bone found within the oral environment exhibit 
a high degree of variation as a function of load direction, rate 
and duration. The structural density of the bone has a 
significant influence on its modulus of elasticity and ultimate 
strength.  
 
Finite element analysis of mandibular bone around implants 
indicated an increase in stresses and strains because of 
anisotropy. A compressive and shear anisotropy of 3% and 
1% in cortical bone and 40% and 30% for cancellous bone 
respectively, increased stresses by 20% to30% in the cortical 
crest. Although tensile and radial hoop shear stress increased 
by threefold to fourfold in the cancellous bone along the 
lingual side, anisotropy decreased radial vertical interface 
shear stress by 40% on the buccal side near the apex in the 
cancellous bone[20]. Carter and Caler[21] have described bone 
damage or fracture caused by mechanical stress as the sum 
of both the damage caused by creep or time dependent 
loading and cyclic or fatigue loading and the relative 
interaction of these two types of damage ie creep and fatigue 
strength. Creep refers to the phenomenon whereby a material 
continues to exhibit increasing deformation as a function of 
time when subjected to a constant load. Carter and Caler[22] 
have reported the creep fracture curve as shown in Fig.4, for 
adult human bone at a constant stress of 60 Mpa. Fatigue 
strength of a material refers to an ultimate strength below 
which the material may be repetitively subjected for an 
infinite number of cycles without failure. 
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Figure 4: Creep Curve for Adult Human Cortical Bone at 

Constant Stress of 60Mpa[22]. 
 

Carter [23] have investigated the fatigue properties of human 
cortical bone. Fatigue failure has been reported for in vivo 
bone at relatively low cycles (104 to 108 cycles) [24]. 
Excessive cyclic loading on bones is known to cause 
microcrack growth and increase fracture risk[25]. Fatigue 
failure of cortical and trabecular bone has been characterized 
by a continuous reduction in modulus, with increasing 
number of cycles with a drastic drop closer to failure and 
increasing plastic strain[26]. 
 
Cortical bone has been observed to behave in an increasingly 
nonlinear form with the cyclic energy dissipation increasing 
with number of cycles in both tensile and compressive cyclic 
loading[27]. Large variations have been noted in experimental 
measurements of elastic modulus and ultimate compressive 
strength of trabecular bone. Occasional overloading of 
trabecular bone (upto 3% strain) degrades its mechanical 
properties and increase the risk of fracture[28]. The structural 
fraction of cortical bone is relatively stable. Outer portion of 
the cortex, the metabolic fraction is the highly reactive inner 
aspect as shown in Fig.5. The primary metabolic calcium 
reserves of the body are found in trabecular bone and the 
endosteal half of the cortices. 

 
Figure 5: Structural and Metabolic Fractions of Bone in the 

Mandible[38]. 
 
In engineering terms, cross-sectional rigidity is related to the 
second moment of the area. The rigidity of the bone 
increases as the fourth power of diameter. Therefore when 
relatively rigid materials i.e. bone is doubled in diameter the 

stiffness increases 16 times. Structurally the mandible is 
modified tubes an optimal design for achieving maximal 
strength with minimal mass[37]. Within limits, loss of bone at 
the endosteal surface or within the inner third of the 
compacta has little effect on bone rigidity. The inner cortex 
can be mobilized to meet metabolic needs without severely 
compromising bone strength. The biomechanical response to 
altered function and applied loads depends on the metabolic 
status of the patient. Bone metabolism is an important aspect 
of clinical medicine that is directly applicable to implant 
dentistry.  
 
Biomechanical manipulation of bone is the physiologic basis 
of stomatognathic reconstruction. Implantology is bone 
manipulative therapy and favourable calcium metabolism is 
an important consideration. Because of the interaction of 
structure and metabolism, a thorough understanding of 
osseous structure and function is fundamental to patient 
selection, risk assessment, treatment planning and retention 
of desired dentofacial relationships[38,39]. 
 
2.3 Effect of Loading on Biomaterials 
 
The functional aspects of biomaterials use include the 
transfer of force from the occlusal surfaces of the teeth 
through the crown, bridge and neck connector region of the 
implant into the implant for interfacial transfer to the 
supporting soft and hard tissues. This represents a very 
complex series of chemical and mechanical environmental 
conditions. The critical aspect of biocompatibility is 
dependent on the basic bulk and surface properties of the 
biomaterial. The disciplines of biomaterials and 
biomechanics are complementary to the understanding of 
device based function.  
 
The physical, mechanical, chemical, and electrical properties 
of the basic material components must always be fully 
evaluated for any biomaterial application, because these 
properties provide key inputs into the interrelated 
biomechanical and biological analyses of function. It is 
important to separate the roles of macroscopic implant shape 
from the microscopic transfer of stress and strain along 
biomaterial- tissue interfaces. The macroscopic distribution 
of mechanical stress and strain predominantly controlled by 
shape and form of the implant device. One important 
material property related to design (shape and form) 
optimization is the elastic strain (one component of elastic 
modulus) of the material. The higher the applied load, the 
higher the mechanical stress and therefore the greater the 
possibility for exceeding the fatigue endurance limit of the 
material. In general, the fatigue limit of metallic implant 
materials reaches approximately 50% of their ultimate tensile 
strength[29,30]. Ceramic materials are weak under shear forces 
because of the combination of fracture strength and no 
ductility, which can lead to brittle fracture. Metals can be 
heated for varying periods to influence properties, modified 
by the addition of alloying elements or altered by mechanical 
processing such as drawing, swagging or forging, followed 
by age or dispersion hardening, until the strength and 
ductility of the processed material are optimized for the 
intended application. A general rule is in mechanical process 
hardening procedures results in an increased strength but 
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also invariably correspond to a loss of ductility. This is 
especially relevant for dental implants. 
 
Corrosion is a special concern for metallic materials in dental 
implantology because implants protrude into the oral cavity 
where electrolyte and oxygen compositions differ from that 
of tissue fluids. The pH can vary significantly in areas below 
plaque and within the oral cavity. This increases the range of 
pH that implants are exposed to in the oral cavity compared 
with specific sited in tissue[31]. Plenk and Zitter[32] state that 
galvanic corrosion could be greater for dental implants than 
for orthopedic implants. Galvanic process depend on the 
passivity of oxide layers, which are characterized by a 
minimal dissolution rate and high regenerative power for 
metals such as titanium. Laing, willert and lemuns[33] have 
extensively studied the corrosion of metallic implants. 
Fontana and greene[34] have presented many of the basic 
relationships specific to implant corrosion. 
Mears[35]addressed concerns about galvanised corrosion and 
studied the local tissue response to stainless steel and cobalt 
chromium- molybdenum (Co-Cr-Mo) and showed the 
release of metal ions in the tissues. Williams[36] suggested 
that three types of corrosion were most relevant to dental 
implants has effect of stress corrosion cracking, galvanised 
corrosion and fretting corrosion. The combination of high 
magnitudes of applied mechanical stress plus simulations 
exposure to a corrosive environment can result in the failure 
of metallic materials by cracking where neither condition 
alone would cause the failure.  
 
Most traditional implant body designs under 3D finite 
element stress analysis show a concentration of stresses at 
crest of the bone support and cervical third of the implant. 
This tends to support potential stress corrosion cracking at 
the implant interface area. Galvanic corrosion occurs when 
two dissimilar metallic materials are in the contact and are 
within an electrolyte resulting in current flowing between the 
two. Fretting corrosion occurs when a micro motion and 
rubbing contact occurs within a corrosive environment e.g. 
The perforation of the passive layers and shear directed 
loading along adjacent contacting surfaces. It has been to 
occur along implant body abutment superstructure interfaces. 
Dental implants are typically fabricated from titanium or its 
alloy. The modulus of elasticity of titanium is five to ten 
times greater than that of cortical bone. An engineering 
principle called the composite beam analysis states that when 
two materials of different elastic modulus are placed together 
with no intervening material and one is loaded, a stress 
contour increase will be observed where the two materials 
first come into contact[40].  
 
3. Conclusion 
 
A growing field of research is implant biomechanics due to 
the fact that many aspects of implant treatment are based on 
biomechanical principles. Research has been done on the 
different parameters which affected biomechanics of dental 
implant. The prognosis of dental implant treatment is related 
to the influence of mechanical load on the biomechanics of 
implant supported prosthesis. Further study could aim at 
understanding how different engineering techniques 

employed for evaluating mechanical and biomechanical 
behaviour of implant. 
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