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Abstract: 

In the field of maxillofacial surgery, the treatment for the recovery of the 
fracture at condyle region of the mandible has been carried out using Bio-
metals such as Titanium, Cobalt, Stainless-Steel because they were 
considered the standard materials for Implant plate devices for fracture 
fixation. Using these materials have led to undesired disturbances where 
the patient must undergo secondary surgery after recovery leading to 
exposure of the fracture site to the surrounding, metal-ion release into the 
human system, stress-shielding and interruption during imaging i.e. 
(Computerized tomography scans). The healing of the mandible requires 
a delicate and stable fixation procedure for the bone structure to heal. Bio-
resorbable materials are the renovation for substituting metals for 
recovery of the fracture. The main dis-advantage using resorbable plates 
is absence of mechanical strength and stability. Bio-composites are the 
innovation for the treatment of the fractures the main study for this thesis 
is comparing the combination bio-ceramic and bio-resorbable materials 
using Finite Element Analysis software. 
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1 Notation 

 
CO      Centric Occlusion 

CRO   Centric Relation Occlusion 

HA     Hydroxyapatite 

PGA   Polyglycolic acid. 

PLA    Polylactic acid.  

PLLA   Poly (L-Lactide) acid 

TiAl64v    Titanium grade 5 

TMJ   Temporomandibular joint 

TML   Temporomandibular Ligament 

u-HA/PLLA   Unsintered Hydroxyapatite Poly (L-Lactide) acid composite 
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2 Introduction 

Fractures are most common type injuries that occur to humans, A human 
can be effected by a bone fracture due to blunt force, vehicle accidents, 
sports injuries, sudden impact and various diseases which effect the strength 
of the bone, throughout the world patients facing fractures have been 
provided the aid to improve their lives using Implant fixation devices which 
help the patients to heal and recover from the impending injury. Implant 
Fixation devices have been used for the treatment for many decades and are 
surgically approved and are termed as biomaterials. 

The materials used in surgery are natural or man-made with goal to replace 
and recover the tissue of human body and these materials and are defined as 
Biomaterials, the classification of biomaterials is of various varieties. Every 
century the rate of success has increased with development of new materials, 
improvement of treatment procedures, skills of the surgeon and better 
understanding of how the material used for the treatment has interacted with 
human body, these bio-materials have certain standards to qualify for the 
use in surgery for being successful. 

Firstly, the material should be compatibility meaning the material 
introduced into the human system should not cause any adverse effects 
where it should be non-toxic and non-allergenic. Secondly, the functionality 
of the materials should be efficient for the healing of the fracture, meaning 
that the material.  

Bone fractures and damages are serious health problems. In the field of 
orthopaedic surgery, bone substitutes are often required to replace damaged 
tissue due to disease, trauma or surgery. Current bone substitutes do not 
exhibit the physiological and mechanical characteristics of the true bone. 
The development of artificial bone would seem to solve these problems, 
such as ceramics, metals, polymers and their composites have also been used 
as artificial bone to fill bone defects or replace bony structure. Metallic 
materials, which are inert, have been beneficial in orthopaedic surgery. For 
example, metals or metal alloys render them valuable as load bearing 
implants as well as internal fixation devices in large part for orthopaedic 
applications as well as dental implants.  
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Up to the present, various kinds of materials alloys, and cobalt alloys when 
processed suitably contribute high tensile, fatigue and yield strengths; low 
reactivate and good ductility to the stems of hip implant devices. One 
complication that can occur from the use of metals in orthopaedic 
applications is the phenomenon of stress shielding. Lack of stress causes 
bone density to decrease as bone tissue resorbs, eventually baring the 
location and causing complications in the implant/tissue interface. This is 
known as the “use it or lose it” phenomenon and it applies to more than just 
bone tissue, including the brain. 

Since the discovery that the bone tissue of mammals contains 69% calcium 
hydroxyapatite and remaining part is collagen protein, which is natural 
composite, great efforts have been made to develop ceramics as a potential 
implant material. Besides being biocompatible and non-toxic, this material 
exhibits unique osteoconductive properties, but the mechanical strength of 
ceramics is not adequate. Similarly, polymeric materials used in biomedical 
applications, but mechanical and physical properties of polymers are not 
enough as an implant material. 

One of the solutions of the problems is the development of the bio 
composite. Nowadays, the developing of mechanical properties of the 
polymer/ceramic composite as the biomaterials have been investigated. 
Recently polymer/ceramic composite with polylactide (PLLA) as the 
polymer phase has attracted great attention due to favourable characteristics 
of polylactide. PLA is a biodegradable polymer. These types of composites 
are partially resorbable. The combination of a bioactive ceramics (HA) and 
bioresorbable polymer (PLA) is expected to result in a promising composite 
because of its bone–bonding potentials and ability to resorb. The polymeric 
part is metabolized, and ceramic part is assimilated in the body. This 
composite has possible prospects for application as implant material in 
restricted load areas. The facial skeleton is the most important part of the 
body consisting of the sensory organs which help us to survive in everyday 
life, fractures on the facial skeleton causes pain and discomfort for any 
human which occur due to blunt forces, accidents or some pathological 
disease.  

The Human Mandible or the Lower Jawbone is important part of the facial 
skeleton because it used for communication, eating and crushing the food. 
For proper healing of the fracture sturdy fixation of the implants is an 
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essential requirement. Facial fractures are the integral part of the oral and 
maxillofacial surgery. The method used for the treatment of this type of 
fractures is the Open reduction and Internal Fixation procedure which is the 
best practice even today.  The surgery of the fractures requires Implant 
Fixation plates of various patterns depending on the complication of the 
fracture (Osteosynthesis fixation systems). From material science 
perspective biomaterials used as implant fixation systems are categorized 
into metallic, ceramics, polymers and composites among these categories 
metallic materials are known for their mechanical strength, Ceramics are 
used as coating material because they display non-toxic nature, Polymers 
are known for the degradation rate when contact with fluids and Composites 
are composition of two or more materials which enhances the material 
properties[1]. 

2.1 Background and Specified Purpose 

 2.1.1 Background 

Fractures at the Condyle region has been the topic of argument and debate 
in the field of Maxillofacial trauma for many years which transpire due to 
heavy impact on the Facial skeleton in form of blunt and penetrating forces 
leading to a lot of discomfort, pain also pathological disease. Two surgical 
methods are involved for the treatment of the fracture namely Closed 
Reduction Fixation (CRF) and Open Reduction Internal Fixation (ORIF). 

 As Closed Reduction technique is an old method which has been replaced 
by Open Reduction techniques for optimal improvement in fracture healing. 
Implant fixation systems made from metallic materials such as titanium 
alloys, stainless-steel have displayed pre-eminent biocompatibility, stability 
when used in surgery, titanium alloys have been the go -to material for many 
years due to good mechanical strength, non-toxic nature, lost lasting ability, 
non- corrosive nature, flexibility and elasticity. Recent studies and practical 
approach have displayed certain problem with the use of non-resorbable 
materials which lead to swelling of treated area, Tissue repercussions where 
in the patients are suggested to have secondary surgery for removal of the 
plate implant where the procedure of plate removal has been subjected to 
intense inspection and dispute.[2] 
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2.2.2 Specified Purpose 

The recent developments in Oral and Maxillofacial surgery have used 
Titanium and polymers for the production of Mini-plate implants to improve 
the healing of the fracture where, Titanium is most commonly used material 
because it is known for its Bio-compatibility, safety and manufactured as 
implants for The Maxillofacial skeleton, The use of Titanium has certain 
issues which lead to pain, Infection , thermal sensitivity so the patients who 
opted for Titanium implants were suggested to have secondary surgery 
which increases the operation time, cost and risk of pathological disease, so 
to counter this problem recent studies have produced the use of  Polymers 
which  are synthetic type bio-degradable material. The significance of Bio-
material degradation in terms of both rate and extent cannot be aggregated 
for bone repair and regeneration. The capability of biomaterial degradation 
allows space for the newly forming bone tissue. Polymers are proficient Bio-
degradable material because they are absorbed completely into the bone 
within a period of 1-2 years.  

The most commonly used polymers today are PGA (Poly glycolic acid) and 
PLA (Poly lactic acid). The main Issue is they are hydrophilic in nature and 
Bio-degradable polymers degrade due to hydrolysis from macro to micro 
molecules and the parameters that are to be considered for the rate 
degradation are exposed surface area, crystallinity and Initial molecular 
weight.  

The mechanical strength of these polymer decreases slowly in the initial 
polymeric stages and completely loses its strength in four weeks. From 
recent related work a relative study was conducted between Titanium and 
re-absorbable and compared where the maximum tensile stresses were 
higher for Titanium fixation plate and higher displacement in the fractured 
surface for re-absorbable fixation plate.  

The estimated healing time for Maxillofacial fracture is 2- 6 months and 
varies from children to adults, the motivation is to introduce a Bio-active 
material composition which is Bio-compatible, which can be completely re-
absorbed into the bone and to improve the mechanical strength of the 
implant so that it can withstand the stresses and strain induced by the muscle 
forces and loading conditions for longer time frame. 
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The osteosynthesis systems made of bioactive composite material are the 
new innovation in field of plate implants in the recent progress and these 
osteo-fixation system  have issues where in the mechanical strength is lost 
rapidly when they are introduced to body fluid .To improve the mechanical 
strength, stability, better degradation of the implant a new material 
composition of unsintered-HA(Hydroxyapatite) combined with PLLA 
(Poly-L-lactide) is used.[2] 

  



 

14 
 

2.3 Aim and Objectives 

2.3.1 Aim 

The aim of this thesis is to conduct Bio-mechanical study to enhance the 
stability of the implant fixation devices used in field of Maxillofacial 
surgery for fracture fixation of the condyle bone region by conducting stress 
analysis by using FEA software and also come up with an innovative 
material composition which can fulfil the required criteria for full fracture 
recovery and also provide better living for the human life. 

2.3.2 Objectives 

1. The main objective of the thesis work is to conduct a comparative 
study between traditionally used Implant fixation material and 
currently used Bioresorbable material to the new innovative 
composite by performing static Structural Analysis.  

2. Totally avoid the problem of stress-shielding and to enhance the 
better mechanical properties with the introduction of a new material 
composition. 

3. Conducting the stress and strain influenced on the implant plates by 
using static mastication forces. 

4. Employment of new material for the reduction of 
Temporomandibular disorders and other diseases caused due 
traditional Implant fixation devices for betterment of bone repair. 

5. Considering the different geometries of the implant plates and 
observing the stresses distributed on the bone where the implant has 
been placed. 
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2.4 Research question and Hypothesis 

2.4.1 Research Question 

1. How can the osteosynthesis implant fixation improve the recovery 
on the Mandibular region bone fracture? 

2. How the mastication forces of the mandible or the lower jaw 
influence the behavior of the fractured mandibular condyle after the 
introduction of Implant Fixation devices during the bone 
reconstruction? 

3. What is the Alternative material can be taken for holding the fracture 
fragments in mandibular condyle region for full fracture recovery in 
order to reduce the problem of stress-shielding? 

 

2.4.2 Hypothesis 

1. Osteosynthesis implant plates and screws are most traditionally used 
fixation devices for long time. The plate used in fixation of fracture 
are different shapes and sizes which provide the best possible 
outcome for the surgeon and patient to employ and recovery. 
Mechanical engineering can used as a tool to conduct analysis to 
show which type of shape and size is well suited and efficient for the 
fracture repair of the bone to which it is placed on. 

2. Mastication forces of the Temporomandibular Joint are the most 
complex and frequently used for the movement of the lower jaw or 
the mandible which allows the human to perform clenching, biting 
and speech. The influence of the mastication forces on the implant 
fixation devices gives a better understanding of load bearing 
application of the plates and screws which in turn helps the fractured 
fragments to hold and improve the bone and tissue healing. 

3. The Implant fixation devices used were made of metal alloys which 
had better bio-functionality compared to bio-degradable and 
resorbable materials but the main problem with metals alloys was 
the problem of stress shielding where the load bearing capacity of 
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the bone was reduced because the forces imparted were transferred 
to the implant plate and screws reducing the bone functionality and 
after total recovery of the bone  secondary operative procedure was 
need to remove the implant plant plate which causes discomfort and 
capital for the patient, This is first reason why an introduction of an 
alternative material was need for the improvement of the fracture, 
The second reason is the implementation of metals as implant plates 
would lead to tissue diseases, metal ion release and reduction of bone 
density and use polymers would lead to rapid loss of mechanical 
properties due hydrolysis and inflammatory reactions which cause 
discomfort for patient.The alternative material used in this study is 
the combination of ceramic -polymer compound which unsintered-
Hydroxyapatite/ Poly-L-Lactic acid (u-HA/PLLA). The main of this 
composite is that Hydroxyapatite come under calcium phosphates 
and an integral compound in collagen and PLLA is a co-polymer is 
used to support HA for total bone recovery as PLLA act as support 
to take the load and with time completely dissolve due to hydrolysis 
and increase the recovery function of HA as it completely combine 
and merges with fracture fragment and provides better healing. 
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3 Literature Review 

3.1 Mandible of the Facial Skeleton 

 

Figure 3.1: A. The schematic of the lower Jawbone, B. Sigmoid notch dividing sub-
condylar region with both condyle head and condyle neck. 
 

The mandible or the lower jaw bone is the hardest and the strongest part of 
the facial skeleton and preforms functions like speech, clenching and eating 
food which are contributed by the mastication which provides the required 
force for the  teeth for crushing , biting purpose, the muscles present in the 
facial skeleton function to control the position of the lower jaw bone by 
initiating the appropriate forces  and ligaments in mandible act as passive 
limiters. 

For stable movement of the mandible muscles which perform the 
mastication are of four types present in the facial skeleton, these muscles are 
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1. the Masseter. 
2. the Temporalis. 

3. the Medial pterygoid. 
4. the Lateral pterygoid. 

 
These muscles are present on both sides of the jawbone and function in pairs, 
with one of each muscle appearing on either side of the skull. The sole 
purpose of these muscles is to constitute the mandible up and down and 
allow the jaw to move from side to side. The construction of the jaw of the 
facial skeleton is divided into two parts where the upper teeth sit on the 
maxilla and pre-maxilla and the lower teeth sit on the mandible. The 
mandible is a U-shape geometry which connects and securely attaches the 
temporal bones at right and left side of the Temporomandibular joint. The 
schematic of the lower jawbone is segregated into different sections in 
medical terminology which are: 

1. Symphysis. 
2. Para-symphysis. 

3. Body. 

4. The Angle and Ramus. 
5. Condyle process. 

6. Coronoid process.  
7. Alveolar process. 

 
The symphysis and Para-symphysis is the region between both canine teeth. 
The body is the region between the canine and second molar teeth. The angle 
and ramus are the region next to the third molar. The condyle mandible 
consists of the condyle process and the condyle head. The sigmoid line is 
section where the sub-condylar region and condyle head, condyle neck 
exists. 

The condyle head is the region above the condylar neck and is inferior to the 
lateral condyle head. The condyle neck is divided into two part namely high 
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level and low level and is perpendicular the sigmoid notch. The thesis study 
is conduct Finite element analysis on condyle neck fracture which lies from 
the sigmoid notch to the condyle head.[3] 

3.2 Muscle forces 

The muscle present in the mandible provide the support and help in moving 
the jaw for daily task like speech, biting, chewing, crushing. The following 
muscle forces which are responsible for the task are:  

3.2.1 Masseter 

The main role of this muscle is to perform chewing task for solids and lies 
between the cheekbone and the mandible. The masseter muscle is 
segregated into two muscles which are superficial and deep masseter 
portions where the superficial masseter is thick-tendon attribute which 
connected to the cheekbone. The deep masseter muscle is more muscular 
and connect the mandible. The key role of the masseter is to pull the jaw up 
when chewing food. 

 

Figure 3.2: Masseter Muscle 
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3.2.2 Temporalis 

The main role of this muscle is performed crushing and grinding task of 
solids present between the molars. This is the focal point due the location of 
where it is situated. This muscle takes the shape of fan and is broad present 
along the side of the head. It lies between the temporal fossa and facia, which 
are present under the skin and passes through the cheekbone. 

 

Figure 3.3: Temporalis Muscle 
 

3.2.3 Pterygoid 

This muscle is divided as two distinct muscles which are Medial pterygoid 
and Lateral Pterygoid and is situated in the inner jaw of the facial skeleton. 
The medial pterygoid is square shaped present in both side of the mandible 
and lies between the mid-face and the inside of the lateral pterygoid. The 
main role is to provide the support for movement of the lower jaw which 
allows the human to chew the food. The medial pterygoid clichés itself to 
the mandible and angle of the mandible which is also termed as ramus. 

 

Figure 3.4: Pterygoid Muscle 
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3.3 Movement of the Mandible Condyle 

 

Figure 3.5: A. Rotational movement of the condyle, B. Translational movement of 
the condyle 

 The mandible movement mainly depends on the TMJ as the posterior 
guidance and the teeth as anterior guidance. The opening of the mouth is 
constituted by a hinge joint which has rotational motion and sliding joint 
which has translation motion, during lateral excursions if their lateral 
movement of the mandible this type of scenario is termed as Bennett 
movement. Mandibular movement disorder transpires if the there was never 
Bennett movement due intervention effected by altering condyle position 
during a fracture or Jaw surgery even if the occlusion was conventional.[3] 

3.4 Temporomandibular Joint 

The condyle region of the mandible connects with the mandibular fossa of 
the temporal bone and is termed as Temporomandibular Joint. The 
articulating disc is tissue with the property of a fiber resides between the 
TMJ and acts as a cushion the fluid which present around the joint which 
the sole purpose to provide lubrication to minimize the friction between the 
joint for smooth functioning is termed as synovial fluid. The articulating 
disc is oval shaped which determined by the mandibular fossa and condyle 
head, but size and shape are different.  

The articulating disc which is fibrous in nature is this at the center and thick 
at the posterior region. The condyle of the mandible is located at the center 
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for a normal joint, Hence, disc injury is most prominent at the center due 
old age and external stimulant. The bilateral disc ligaments provide the 
attachment between the condyle head and the oval shaped disc for the 
prevention of the disc diverging from the condyle head when the mandible 
is under movement. 

The synovial fluid which serves as a lubricant is produced with the joint 
capsule which adjoints the TMJ for the movement of the mandible and 
provides nutrient to regions where there are no blood vessels. The joint 
capsule protects the joint by altering the contact area during mandibular 
movement due to the wrinkles present in the joint capsule. 

A triangular shaped ligament which present on lateral side of the capsule 
functions to avoid uncontrolled movement of the mandible past the standard 
range of the jaw movement and is termed as Temporomandibular Ligament. 
The ligament is stiff fixed to the temporal bone and the mandible and 
provides the required strength for the TMJ motion. Continuous motion of 
the bilateral joints during talking and eating food involves the functioning 
of the mandible which is one of the characteristics of the TMJ. Both sides 
of the TMJ are not motion independent and requires Occlusion from the 
teeth which are rooted in mandible.[3] 
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3.5 Occlusion 

Figure 3.6:  A. Centric Occlusion, B. Anterior guidance, C. Canine guidance. 

 
The intercuspation between the teeth is termed as Occlusion and is 
segregated into two types which are  

 Static 

 Function or Dynamic 

The constrained jaw movement is termed as static occlusion and the un-
constrained jaw movement is termed as function or dynamic occlusion. The 
static occlusion mainly depends on the location of the condyle meaning the 
region where the contact teeth is frequent and is termed as maximum 
intercuspation occlusion or centric occlusion. 
CO mainly depends on the teeth regardless to the position of the condyle due 
to prosthodontic treatment or jaw surgery The CO can alter as the location of 
the condyle is constant and is the main requirement which is because the 
location of the condyle acts a reference for the treatment of the jaw during 
surgery. 
 TMJ disease or malocclusion mainly transpires due to unsecure positioning 
of the condyle. A stable occlusion at the condyle position which can be 
reproduced without intercuspation is termed as Centric Relation or Centric 
Relation Occlusion which is debated from a long time period. 
Static type transpires for short periods of time in day to day lives where the 
function or the dynamic transpires in most of the cases, anterior movement 
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of the jawbone causes occlusion at the anterior teeth, lateral movement of the 
jawbone causes the occlusion between the canine and premolar teeth. 
 Disocclusion for the anterior and lateral transpires at the remaining teeth and 
is termed as guidance. The advantage of anterior movement is that force 
acting can endured to the lateral movement where it can endured only at 
alveolar bone because it is hard and the canine teeth are deep rooted, so if the 
guidance is at canine teeth contact the lateral movement is considered and if 
the guidance is at other teeth contact then the lateral movement is unsafe 
where it leads to periodontal ligament injury which causes the adjacent 
alveolar bone to absorb the forces eventually making the supporting teeth 
weak, hence, exfoliating the teeth and is termed as Trauma from Occlusion 
(TFO).[3] 

 

3.6 Biocompatibility and Bio-functionality 

Biomaterials used in surgery or treatment of trauma have clinically approved 
for which they have fulfil the required criteria namely Biocompatibility and 
Bio-functionality. A material is said to Biocompatible when its complete 
combine or degrades after the healing period causing no harm to the 
surrounding tissue. 
 Biocompatibility is defined as the material which neither produces 
unwanted and inflammatory response nor leads to an extreme rate of 
cytotoxicity, as there is certain   degradation in vivo assessment, which is 
true in the case of the intact material and any of its unreacted components 
but also for the degradation products. 
 The implant plates and screws used should be compatible with tissues in 
terms of chemical, surface and pharmacological properties. To be stated in 
much simpler language it can said when the material attains compatibility 
meaning that there is no presence of interaction between material and tissue. 
 There are also many molecular and cellular species in the tissues, which can 
catalyse certain chemical reactions or rapidly destroy certain components 
identified as foreign. Degradation of materials such as metals and polymers 
take place in this aggressive environment. The response of the body is a 
complex issue, which could be dealt with in several ways. The important 
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parameters that influence the response of the tissues include the type of 
tissue that is in contact with the material, the physical and chemical 
characteristics of the material and the general status of the host. There are 
different types of responses that are seen with varying distance from the 
surface.[1] 

3.7 Types of Mandibular fractures 

Mandibular fractures are the most type of fractures compared other parts of 
the facial skeleton. This one of severe injuries to humans that a maxillofacial 
surgeon must tackle during his practice. The types of fracture which might 
occur are. 

1. Simple. 

2. Compound. 
3. Comminuted. 

4. Pathological. 
The location where the fracture would occur are  

1. Symphysis. 

2. Para-symphysis. 
3. Body. 

4. The Angle and Ramus. 

5. Condyle process. 
6. Coronoid process.  

7. Alveolar process. 
The main cause behind the fracture of the mandible are road accidents, 
violence, sports, trauma in the industries which use heavy application, 
trauma due to falls. 

The body of the mandible has a high percentage chance to be fracture 
but the condyle is of the mandible the is most common fracture to occur. 
The thesis study conducted is on the condyle with unilateral compound 
fracture on right side of the mandible. 
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Figure3.7: Types of Mandibular fractures. 
 
The symptoms for the compounded condyle fracture are: 

1. Swelling on the TMJ. 

2. Locked Mandible. 

3. Immeasurable pain.  

4. Limitation of movement. 

 

3.8 Osteosynthesis fixation devices used for the 
treatment of condyle fractures 

Osteosynthesis fixation devices are also termed as Implant Fixation 
devices with main function to hold the fractured bone and help the 
complete recovery. These devices are mainly used in mandible, mid-
face, long bones, skull and hip joints. The Implant fixation plates are of 
various geometries depending on the type of fracture and accessibility 
of the fractured location.  
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Figure 3.8: Single plate Implant fixation device with screws 

 
Figure 3.9: Y-plate Implant fixation device with screws 

 

 
Figure 3.10: Angular plate Implant fixation device with screws 
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3.9 Biomaterials and their application in Medical 
Treatment 

A Biomaterial is defined as natural and man-made material which can 
be introduced into the human physiology and has the capacity replace, 
supply and undertake the load applied on the bone which help in healing 
of the bone fracture and complete recovery of the human tissue. In the 
medical field biomaterials are used in different forms such as implant 
plates, sutures, joint replacements, ligaments, dental implants, heart 
valves and in medical devices such as pacemakers, biosensors and 
widely used for the functioning of the damaged tissue or organs which 
help the healing and the functioning therefore making improving the 
life of the patients. In the early days all kinds of natural materials such 
as wood, glue and rubber and manufactured materials such as gold, 
iron, zinc and glass were used as implants based on trial and error. Some 
materials were tolerated by the body whereas others were not. 
Unfortunately, a science in which materials other than these were 
considered as substances suitable for implantation was not developed 
until the mid-nineteenth century, with evolution in science and 
technology considerable progress has been made in understanding the 
interactions between the tissues and the materials. For the next 
millennium, a working hypothesis should be Long-term survivability of 
prosthesis will be increased using biomaterials that enhance the 
regeneration of natural tissues.[1] 

Bioresorbable and Biodegradable material have been the successful 
fixation system which have provide the advantages over titanium 
mainly in area of stress shielding, absence of corrosion, metal presence 
in tissue and avoiding the problem of secondary removal of titanium 
implant after healing. 

 

 

 

 



 

29 
 

Material Young’s Modulus (GPa) 
Cortical Bone 13.7 

Teeth 15 
Ti-6Al4v 113.8 

PLLA 3.6 
u-HA/PLLA 2.3 

Table 3.1:  The material properties 
 

 

3.9.1 Metallic and Alloys based Implant Fixation devices for 
Fracture Healing 

Metals and their alloys were first and foremost biomaterials available 
to man for treatment for any grave injury. Metallic materials were used 
centuries before being approved as medical implant devices for the 
required treatment. 

Stainless-steel was first used medical approved fixation devices for the 
treatment of bone fractures. Stainless-steel was recognized for good 
mechanical stability ad load bearing application, however research 
studies have shown that materials such as stainless-steel implanted into 
the Human body led to corrosion and loosening of the screws when 
fixed and could completely combine with the bone structure. 

Titanium was the new material alternative material for stainless-steel 
for fracture surgery. Titanium till now is considered the standard 
material for any surgeon for treatment of any type of trauma and have 
been extensively used in Maxillofacial surgery. 

The Implant plate and screws composed of Titanium and alloys are 
made by varying the quantity of oxygen and Titanium based on the 
requirement. Titanium is more adaptive than its predecessor and can 
maintain better mechanical stability, when implanted into the human 
system this material creates an oxide layer around plate and screw to 
resist corrosion and attain the biocompatible nature which help in 
combining with bone which termed as osteointegration. The 
functioning of Titanium is better than stainless-steel because when 
implanted for long time period the screws fixed do not loosen. Titanium 
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is a biomaterial material which has better biocompatibility and bio-
functionality, but this material is priced higher than stainless-steel. 

Even though Titanium has the qualities to be used as the go to 
biomaterial in field of Maxillofacial surgery, studies have shown some 
unusual reports of toxicity and hypersensitivity and its presence in 
lymph nodes and organs. More researches have provided that there 
were complication when titanium was used as Implant fixation devices 
such as implant palpability, pain, thermal sensitivity and un-proper 
fixing of the screw in location of the fracture which further lead to 
loosening of the screws and will further worsen the fracture healing and 
will cause immense pain for the patient who is operated on. 

 The other disadvantage of this material is when the X-ray is performed 
on the human because the radiological scatter is low than other metals 
this causes interference for image processing i.e. Computerized 
Tomography scans. 

 The main and important disadvantage with the use of Titanium as a 
biomaterial is Stress-shielding where it is defined as the when a 
biomaterial with higher stiffness is implanted into the human system, 
the material has the tendency to yield the force on the implant rather 
that distributing it to the fractured bone surface for good recovery, in 
turn it reduces the density of the bone making the bone structure weak 
after complete healing of the fracture, with the fast growing 
development of science a better replacement for Titanium has been 
used which are termed as Resorbable Implant fixation material. 

3.9.2 Resorbable based Implant Fixation devices for fracture 
healing  

A material which has the property to perform and completely resorb are 
termed as resorbable and biodegradable materials. These materials were 
studied, researched upon and used as Implant fixation devices. An 
example for resorbable material is polymeric materials. The resorbable 
material can used in bone structures which do not have high weight 
bearing capacity such as in field of maxillofacial studies to long bone 
shafts. 
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 3.9.2.1 Polymers 

Polymers have long chain molecules composition which are covalent 
bonded monomers and are macromolecules that can be similar or 
dissimilar, due to the Van der Wall forces the long chain molecules are 
held together The properties of polymers are controlled by the chemical 
and structural features, The monotonous links form long chain due high 
molecular weight. The length of chain does affect the property of the 
polymer. The physical properties vary in aspects depending on the 
chemical structure and compactness of the chain will show a definite 
effect on the final properties. 

1. Homo-polymers. 

2. Co-polymers. 
They are the innovation for the replacement of metallic and alloy-based 
materials with sole purpose to complete heal and resorb without the 
requirement of secondary operation for the removal of the implant plate 
and polymeric material come under this category. There are many 
benefits when polymer is used as Fixation device. 

Many wide ranges of polymers in terms of mechanical and physical 
properties are available. 

1. The polymers can be shaped according to the requirement. 
2. Polymers show inert nature to the tissue. 
3. The polymers are priced where it can affordable. 
4. The Polymers according to the physical and mechanical properties 
are differentiated into 

5. Natural Polymers. 
6. Synthetic Polymers.  

 
Natural polymers are set of materials which occur in nature and are not 
man made whereas synthetic polymers are vice-versa. Examples for 
natural polymers are collagen, chitosan etc. Natural polymers function 
to support small load bearing condition for minute fractures, synthetic 
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polymers considering the isotropic, physical and mechanical property 
can used as Implant plate and screw fixations by restraining the 
geometries and shape of the implant as per requirement. The synthetic 
polymers are divided into Non-Resorbable and Resorbable polymers, 
for completely resorbable and influences bone recovery and tissue 
regeneration when used as Fixation device the required properties are: 

1. No inflammation response surrounding the tissue of human 
biological system. 
2. After complete recovery degrades without leaving any traces of the 
material in human body. 

3. Can sterilized and has an adequate shelf life. 
4. Processing the material to it final form is facile. 

The poly (alpha-hydroxy) group which have been researched on are 

1. PGA, Poly (Glycolic acid) 
2. PLA, Poly (Lactic acid) 
The synthetic material stated above are biocompatible and can 
completely degrade from the human system. 

Polyglycolic acid 

This was the first and foremost used biodegradable polymer used in 
biomedical field. It is known for its high crystallinity and molecular 
weight. The use of PGA as Implant fixation device is limited because 
of rapid degradation rate, after implantation it was observed that to 
degrade within four to seven weeks and complete loses its mechanical 
strength in vivo assessment. The use of PGA as osteosynthesis device 
has been reduced due to adverse behavior i.e. accumulated acid-
degraded products found and the difficulty to remove them from human 
system.[4] 

Poly (lactic Acid) and co-polymers 

PLA or poly-lactic acid is a biodegradable polymer with high molecular 
weight. The co-polymers of PLA are produced by an optically active 
carbon which forms two stereoisomers which are PLLA and PDLA. 
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PLLA has been used as Osteosynthesis implant fixation plates and are 
termed as first generation implant fixation devices, This co-polymer is 
resistant to hydrolysis meaning that the complete degradation process 
and the reduction of mechanical strength does not start in first two years 
of implant fixation and complete resorption occurs after three and half 
years. 

The complications which arise when the PLLA is used as implant 
fixation material are foreign body reactions, insufficient intensity of the 
material and late degradation due the response tissue. The other co-
polymer PDLA is a biodegradable material of low crystalline property 
and low resistance to hydrolysis, even though because of its bio 
compatible nature it can used for mid-face, mandible and maxillofacial 
surgeries the problem with PDLA is due its crystalline particles my 
cause inflammatory reaction when contact with surrounding tissue.[4] 

3.9.3 Ceramics 

The composition of ceramics consists of In-organic and non-metallic 
compounds which are modelled into a mixture of ionic and covalent 
bonds. Ceramics are the oldest man-made materials. These materials 
were found to serve ancient humans in health and sanitation, with 
development in science and technology, ceramics have brought change 
in the life of humans and are designed for treating disease, trauma and 
are termed as bio ceramics. 

Bio-ceramics are mainly used for the treatment of hard tissue as implant 
plates and screws. Based on the Bio-ceramics used they are classified 
as  

1. Bio-inert. 

2. Bio-Resorbable. 

3. Bioactive. 

In the field of dentistry silicate ceramics have been the most commonly 
used material. Porcelains are used for root canal operations but for 
trauma or fractured bone silicates ceramics cannot be used because 
silicates are soluble when in contact with body fluids. The Ceramics 
used in Biomedical applications are differentiated as  
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1. Silicates. 
2. Calcium Phosphates or Hydroxyapatite. 
 
Silicate Ceramics 

The Final product of Alumina is formed by the heating of bauxite and 
hydrolysis procedure, Silicate Ceramics when used as Implant material 
for fractured bones and joints lead to problems such as bone defects. 

Calcium Phosphate or Hydroxyapatite 

The Chemical formula for Hydroxyapatite is Ca10 (PO4)6 (OH)2 and 
is most familiar type of ceramic known to surgeons. The formula above 
is near  composition of the bone and its synthetic form is considered to 
the bone itself which is one of the reasons why HA is used in this thesis 
study and known mainly for treating bone defects or fractures there are 
some limitations when used as implant fixation devices because of low 
fracture toughness and brittle nature when fixed in the human biological 
system the material cannot sustain high weight bearing applications.  

The proper and complete use of the Bio ceramics mainly depends on 
the mechanical functionality and the implant helping the healing and 
recovery of the tissue. Conjugation anchor tissue determines the 
surviving of the bio ceramics implant. 

The key points to understand about tissue and Implant responses 
provided below:[1] 

1. The surrounding tissue will perish if the Implanted material is toxic 
in nature. 
2. The surrounding tissue will thick fiber will be formed if the 
Implanted material is non-toxic and bio-inert 
3. An interfacial bone is formed around the tissue if the Implanted 
material is non-toxic and bio active. 
4. The tissue replaces the Implanted material surrounding the bone if 
the material is non-toxic and complete dissolves. 
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3.9.4 Bio-composite based Implant fixation device for Facture Healing 
A composite material is defined as the composition of two or more 
different solids which are composed and are materials. The Key points 
to be considered when material is a composite  

1. Combination of two or more material which are physically and 
mechanically divided. 
2. Combining two or materials in a procedure to control the optimal 
properties after the final product. 
3. Creating high level and very specific properties by combing two 
distinct materials.  
The properties of the composite are structure dependent. The difference 
between composites and homogeneous material is composite have 
larger structure and the properties required because of volume fractions 
composites depend on shape of the inhomogeneities. 

Biological materials which are present in humans, animals as bones, 
cartilage, skin, dentin are all-natural composites which are fibrous and 
porous which are the attributes which exhibit structures which are 
hierarchical. Composites have many benefits when compared to 
homogeneous material. 

The composites which are used as biomedical practice are divided as  

1. Polymer/Ceramic. 

2. Ceramic/Metallic. 
3. Ceramic/Ceramic. 

 
Ceramics used in biomedical surgery as they are known for their bio-
compatible nature and osteoconductive property as known ceramics are 
known for their brittle nature and cannot be handled in contrasting 
forms as biomaterials. It is also known polymeric biomaterial are used 
as biomaterials as biomedical applications, due to their low mechanical 
stability and quick degradation for weight bearing conditions. 

With many research studies conducted and evolution of science and the 
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technology used for the production, the combination of polymers and 
ceramics. The main aim for the composition is to tackle the problem of 
brittleness and the low mechanical reliability. 

Polymers and ceramics composites are used as the new alternate 
composite material as implant fixation devices because this composite 
provides the flexibility criteria for the stress distribution and reduce the 
problem of stress shielding and provide the required help for the 
fractured bone fragments and tissue to heal. 

HA/PLLA Composite 

Ceramic and polymer composite are advantageous than pure ceramics 
and polymers. With the combination of PLLA (polymer) and HA 
(ceramic) as got great attention due to its bone -bonding properties and 
the its ability to resorb where HA assimilated and PLLA undergoes 
metabolic reduction. This type of material for its use as Implant 
material has restriction on load bearing application. The preparation 
techniques used to produce HA/PLLA composite are 

1. Solvent casting Method. 

2. Heating Mortar Method. 
3. Thermal Kneading Method. 
The plates of this composite were produced by thermal pressing, but 
thermal kneading process is considered to the best method for the 
preparation of the plates. HA/PLLA composites are the third generation 
of polymer-ceramic composites as they can be used for the complete 
replacement by the bone and tissue surrounding the bone. 

These composites are known for maintaining the strength which equal 
the cortical bone for 25-weeks in vivo study. When this composite is 
implanted within first six weeks the polymer part of the composite 
undergoes hydrolysis due the body fluids and this where the 
degradation process begins. The molecular weight of the polymer 
compound reduces with increase in HA fraction about two years. From 
studies it is know that the Polymer matrix is absent and HA particles 
have replaced by the bone and surrounding tissue in five years. 
Compared to polymers this osteoconductive composite shows more 
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stable boney segment retention during maxillofacial surgery and is 
certified to be used as biomedical osteosynthesis Implant fixation 
devices for mandible and mid-face. Some problem which have 
observed with use of this implant is palpable discomfort when the 
surgery is in area where there is thin facial skin, discomfort due increase 
in volume due to the tissue fiber surrounding the plate. These 
complications were observed when the implant taken longer time 
period for resorption. The polymer-ceramic composite has better 
mechanical properties in terms of bending strength, bending modulus 
shear strength and impact strength compared to PLLA implants. 
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4 Methodology 
 
The methodology for this thesis study is to conduct a finite element 
analysis on different geometric shapes on the fractured condyle 
mandibular neck. The software used are  

1. MIMICS 

2. 3-MATIC 

3. ANSYS 

4.1 Software used for the Finite Element Modelling 

The aim here is to convert the 2-D Computerized Tomography Scans to 
a 3-D model for this conversion Mimics software is used and is then 
exported to 3-Matic software a fracture of 1 mm is created at the sub-
condylar region and The Final Analysis was performed using ANSYS 
15.0 software.  

4.1.1 Construction of the Mandible Model 

The Construction of the three-dimensional mandible was created by 
converting two-dimensional Computerized Tomography Scans (C.T 
images) using MIMICS medical 17.0 software and were exported to 3-
Matic Modelling software. The osteosynthesis plates were created 
using 3-Matic software with screws, holes on the bone was created by 
using Boolean Subtraction tool for the fixation of the Implant device 
and were placed perpendicular to the facture. Wrapping tool performed 
for depicting the bend of the fixation device for keeping a minimal gap 
between the bone and fixation device which helps in estimating the load 
bearing condition of the implant plates. The figures below show the 
three-dimensional model of the Mandible and the fractured model of 
the mandible with the plates attached at the sub-condylar region. The 
model was then exported to ANSYS 15.0 and the connection between 
the screw to plate and plate to bone the contact is bonded for the 
analysis. 
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Figure 4.1: Model of the mandible. 
 

 

 
Figure 4.2: Fractured mandible at the condyle neck 
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Figure 4.3: Single plate Implant device fixed at the fracture location 
 

 

Figure 4.4: Y-plate Implant device fixed at the fracture location 
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Figure 4.5: Angular plate Implant device fixed at the fracture location. 
 

 

4.1.2 Meshing of the fractured mandible model 

Mesh for a model is the most important of Computer-aided Engineering 
for the simulation process. Meshing improves the accuracy, 
convergence and functionality of the solution. 

 
Figure 4.6: Mesh setup for the model in ANSYS. 
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4.2 Finite Element Analysis Using Ansys software 

Ansys workbench is used as the toolbox for conducting the analysis, 
where static structural component and external model is selected, and a 
connection is given.  

 

Figure 4.7: The workbench setup for the Analysis. 
External Model: 

The External model is selected from the Mechanical application toolbox 
is used for setting up the exported files from 3-Matic software and they 
are considered in mm units. 

Static Structural: 

The static structural model is selected from the mechanical application 
toolbox and consist of cells which are  

1. Engineering Data  

2. Model  

3. Setup 

4. Solution 

5. Results 

Static structural is mainly used for determining the stress, displacement, 
strains and used for setting the forces required in vector or in component 
form. 

The engineering data cell is used to define or access the materials 
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models required for the analysis. The engineering data cell allows the 
user to create or select the required material from the Ansys material 
library. The model cell is depending on the data provided to the external 
model and affects the geometry, coordinate system, connections and 
mesh branches of the model definition. When two systems are created 
the models of these two systems cannot be shared. Setup cell is used to 
launch the application for the system this cell is where the loads 
boundary condition is defined for the configuration for the analysis to 
be conducted. The solution cell the solution for the analysis can be 
accessed and result cell provides the results from the analysis based on 
the given engineering data, model, setup and solution process. 

Process for Setting the Model in Ansys. 

 

Figure 4.8: Materials provided in Engineering data cell 
 

The Materials considered for the model are provided in figure above. 
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Figure 4.9: Single plate Implant model in Ansys 
 

 

Figure 4.10: Y-plate Implant model in Ansys 
 

 

Figure 4.11: Single plate Implant model in Ansys software 

The above figure corresponds to the data provided to the external model 
and the static structural component defines the geometry and creates the 
connection in model cell. 
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The required boundary condition and the forces are defined for the 
analysis. 

 

Figure 4.12: The schematic of the Forces to perform the movement of the mandible. 
 

The solution process for the conducting the analysis consists of  

1. Von-Mises Stress. 
2. Total Deformation. 

 

Figure 4.13: Solution component for conducting the analysis. 
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5 Results 
The Analysis of the fractured mandible was conducted on Implant 
fixation plates which were fixed on the bone in sub-condylar area. The 
analysis was done by assuming a loading condition on the molar teeth 
to be 100 N. The main reason for the assumption is to observe the stress 
behavior of the Implant fixation plates of different shapes with screws 
and is considered to the minimal force when the mandible is fractured. 
After setting the boundary condition and the component force the final 
analysis was conducted the following results obtained are 

5.1 Single plate Implant 

 

Figure 5.1: The stress values obtained at the anterior and posterior position of 
Single Implant fixation using Titanium. 
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Figure 5.2: The stress values obtained at the anterior and posterior position of 
Single Implant fixation using PLLA. 

 

 

Figure 5.3: The stress values obtained at the anterior and posterior position of Single 
Implant fixation using HA/PLLA. 
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Material Von-Mises (MPa) Deformation at the 
fractured area (mm) 

Ti-6Al4v Anterior plate location- 
 54.71 
Posterior plate location-  
97.16 

At the fracture location- 
0.0704 

PLLA Anterior plate location- 
 27.69 
Posterior plate location-  
70.16 

At the fracture location-
0.14499 

u-HA/PLLA Anterior plate location- 
 23.01 
Posterior plate location-  
53.43 

At the fracture location-
0.17621 

Table 5.1: The Stress Distribution and deformation at the fracture location using 
Single plate Implant. 
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 5.2 Y-plate Implant 

 

Figure 5.4: The stress values obtained at the anterior and posterior position of Y-
Plate Implant fixation using Titanium. 

 

 

Figure 5.5: The stress values obtained at the anterior and posterior position of Y-
Plate Implant fixation using PLLA. 
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Figure 5.6: The stress values obtained at the anterior and posterior position of Y- 
Implant fixation using u-HA/PLLA. 

 
 

Material Von-Mises (MPa) Deformation at the 
fractured area (mm) 

Ti-6Al4v Anterior plate location- 
71.23 
Posterior plate location-  
25.82 

At the fracture location- 
0.098 

PLLA Anterior plate location- 
48.71 
Posterior plate location-  
16.65 

At the fracture location-
0.10976 

u-HA/PLLA Anterior plate location- 
23.38 
Posterior plate location-  
16.56 

At the fracture location-
0.15905 

Table 5.2: The Stress Distribution and deformation at the fracture location using Y-
plate implant. 
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5.3 Angular Implant  

 

Figure 5.7: The stress values obtained at the anterior and posterior position of 
Angular Implant fixation using Titanium. 

 

 

Figure 5.8: The stress values obtained at the anterior and posterior position of 
Angular Implant fixation using PLLA. 
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Figure 5.9: The stress values obtained at the anterior and posterior position of 
Angular Implant fixation using u-HA/PLLA. 

 

 
Material Von-Mises (MPa) Deformation at the 

fractured area (mm) 
Ti-6Al4v Anterior plate location-  

43.36 
Posterior plate location-  
93.63 

At the fracture location- 
0.0889 

PLLA Anterior plate location-  
19.69 
Posterior plate location-  
51.78 

At the fracture location-
0.13359 

u-HA/PLLA Anterior plate location-  
16.22 
Posterior plate location-  
23.73 

At the fracture location-
0.18232 

Table 5.3: The Stress Distribution and deformation at the fracture location using 
Angular-plate implant. 
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6 Conclusion and Future studies 

From the above result the new suggested alternate material (u-HA/PLLA) 
has better distributed stress according to Von-Mises Hypothesis the reason 
why the stress values for the Titanium implant plates is high because of larger 
Youngs Modulus where it is approximately 40 times greater than PLLA and 
50 times greater u-HA/PLLA. The usage of the Implant plate mainly depends 
on type of the fracture and location. However, this study is a static approach 
where it is aimed to avoid the problem of stress-shielding and also the 
absence of secondary removal of the implant and to find the behavior of the 
Implant material in terms of stresses distributed, From the static analysis 
point of view I can say that the new suggested material has the potential to 
be used as osteosynthesis material not only because of better mechanical 
reliability than bioresorbable and degradable polymers but also its 
biocompatible and osteoconductive nature. 

For future studies a practical scenario with help of motors and mechanical 
equipment to depict the movement of the mandible which fractured can be 
established and carry out series of investigation so as to see which type of 
Implant Plate of different geometries can succeed and the other alternative 
would to conduct research studies for other available implant materials or 
perform studies on complete replacement of the fractured bone with bone 
substitutes.  
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