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ABSTRACT

Temporomandibular joint (TMJ) connects the mandible or the lower jaw to the skull and regulates the movement of
the jaw. It is a bi-condylar joint in which the condyles, located at the two ends of the mandible, function at the same
time. The TMJ is one of the most complex as well as most used joint in a human body. The important functions of the
TMJ are mastication and speech. Temporomandibular disorder (TMD) is a generic term used for any problem
concerning the jaw joint. Injury to the jaw, temporomandibular joint, or muscles of the head and neck can cause
TMD. The most common TMJ disorders are pain dysfunction syndrome, internal derangement, arthritis, and
traumas. In TMJ implant there are replacements of two parts:

1. Fossa replacement and 2. Condyle replacement

The TMJ implant fossa component is comprised of a fossa bearing fabricated from ultra-high molecular-weight
polyethylene (ASTM F648) and a mesh backing fabricated from unalloyed titanium (ASTM F67). In this research
work we are using four types of plastics such as Polypropylene (PP), High density poly ethylene (HDPE), Ultra high
molecular weight polyethylene and Nylon. We will compare these four plastics that are these plastics also suitable
for fossa material or not. By comparing their surface finish in graph, we can conclude that which of these plastics is
best for fossa replacement. It can form the basis of a future research for designing a new age TMJ prosthesis for
people suffering with TMJ diseases and in need for surgery.
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1. TMJ ANATOMY

The TMJ is the articulation between the condyle of the mandible and the squamous portion of the temporal bone.
The condyle is elliptically shaped with its long axis oriented mediolaterally, whilst the articular surface of the
temporal bone is composed of the concave articular fossa and the convex articular eminence [1]. The TMJ is a
bilateral synovial joint that functions in speech, mastication, and deglutition and allows movement of the mandible
in three planes of space. It is atypical in that the articular surfaces are covered by white fibrocartilage (mostly
collagen with only a few cartilage cells), rather than the more usual hyaline cartilage. Beneath the articular covering
of the head of the condyle is a layer of hyaline cartilage [1].

The TMJ consists of:
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1. Mandibular condyle

2. Temporomandibular fossa

3. Articular disc

4. Joint capsule (lined by synovial membrane)
5. Ligaments

6. Muscles of mastication

7. Blood and nerve supply

Figure 1 — Anatomy of TMJ

2. Conditions Affecting TMJ

Some of the conditions that may affect the TMJ include:

. Pain in the TMJ or associated muscles

. Limitation of joint movement

. Disc displacement

. Condylar dislocation

. Deviation

. Systemic autoimmune diseases, connective tissue disorders, and arthritic conditions
. Osteoarthritis

. Neoplasm

co~NOoOYUTh~ WDN

3. How to select a material for TMJ Implant

Choosing the appropriate materials however begins with understanding key engineering concepts and desirable
implant properties.

3.1 Biocompati bility

The first tenet of implant design is to attain good fixation while causing the least amount of damage to the
surrounding tissue.

3.2 Modulus

The elastic modulus of a material is the measure of resistance to deformation for a given load or stress.
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3.3 Stiffness

Stiffness of a material is dependent on both the elastic modulus and geometry of the device (equivalent to the
arithmetic product of two values). For two objects made of the same material, the larger the object the stiffer it is
and thus more resistant to deformation. One way to use relatively rigid materials without necessarily creating an
implant that is excessively stiff is to make the implant hollow or very porous. This design concept enables the
fabrication of implants that better share the load.

3.4 Stress shielding

When different materials are placed adjacent to one another with a uniform load applied to both, the stiffer material
will resist changes in deformation more than the more flexible material. For example- when a titanium metal plate (a
higher modulus of elasticity than bone) is fixed adjacent to bone, stresses applied will be seen by the stiffer metal
plate. Bone is said to be “stress shielded”.

3.5 Notch sensitivity

In addition to reducing stress shielding, promotion of bone in growth through porous metal coating will also increase
implant fixation. The porous coating of hip implants has been shown to promote bone ingrowth. The ingrown bone
rigidly fixes the implant and prevents pain and implant-host interface failure. The addition of a porous coating to the
surface of implants however causes stress concentrators that may propagate a fracture in notch sensitive material.
Notch sensitivity- is the degree to which the sensitivity of a material to fracture is enhanced by the presence of a
surface homogeneity such as a notch created by surface porous coating. Notch sensitive materials are also prone to
fracture at sudden changes in section, cracks or scratches. In general, ductile materials are less notch sensitive than
ductile materials.

3.6 Modularity

Modularity is another important concept in implant design, enabling the use of advantageous use of different
materials for specific functions. For example, materials optimized for wear resistance can be used for the bearing
components while materials that are stiff can be used for load carrying and fixation to reduce stress shielding and
consequent bone resorption.

4. Suitable materials for condyle and fossa replace ment

The same materials that are utilized in hip and knee arthroplasty are applicable to TMJ replacement. Cobalt-
Chromium and titanium alloys possess the necessary strength and fatigue resistance for implants stems and bodies,
with titanium alloy having the advantage of lower elastic modulus and better load sharing are available for
enhancing stability through tissue ingrowth. They include the more traditional beaded or fiber wire types of surface
treatments and the newer higher porosity foam-like materials made if either titanium or tantalum. Potential bearing
combinations include cobalt-chromium alloy. Of significant note is the fairy recent development of highly cross-
linked polyethylene, a very wear resistant formulation of ultra-high molecular weight polyethylene that is witnessing
widespread use in total hip and knee arthroplasty. Wear simulator studies have confirmed very low wear rates with
these new materials.

With the knowledge of implants design specification, the appropriate component materials can be chosen. Among
those, there is stainless steel. Such a material has appropriate ultimate tensile strength and fatigue properties. It
should be avoided for TMJ implants however, as it susceptible to crevice and inter- granular corrosion: in active
areas such as TMJ, this corrosion may lead to implant failure and consequent immune reaction and osteolysis.
Stainless steel is not nor “biocompatible” under the loading conditions found in TMJ Cobalt-Chromium (CoCr)
based alloys are biocompatible and unlike stainless steel are highly corrosion resistant. They have low notch
sensitivity and thus can be treated with metal beads or fiber wire to promote bone ingrowth and significantly
increase implant fixation. CoCr alloy metal has excellent wear properties and has stood the test of time in metal on
metal hip implants for up to 20 years. CoCr is very hard and abrasion resistant, but this property can be a
disadvantage in TMJ implants. Due to its high elastic modulus, CoCr alloy implants cause significant stress
shielding.
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4.1 Titanium alloys

Titanium alloys are highly biocompatible with half the elastic modulus of CoCr. As a more flexible implant, it can
more uniformly transfer loads and cause significantly less stress shielding to adjacent bone. Titanium however does
not have good wear properties. When subjected to repetitive forces, it is fatigue resistant and thus breaks down. It
should not be used at the joint interface. Furthermore, titanium is notch sensitive and thus s hould not be impregnated
with beads or fiber wire to promote bony ingrowth. However, when the surface is roughened without notching, bone
in growth occurs and thus improves fixation. Consequently, non-porous coated titanium alloy material can be used
for the TMJ stem component to decrease stress shielding to the adjacent bone while still withstanding the forces
generated at the TMJ. CoCr on the other has excellent wear resistance and is the reason why it is used as the femoral
head component in total hip arthroplasty. It can withstand the high repetitive motion and forces up to three times
body weight with acceptable wear properties lasting an estimated 20-30 years. Consequently, CoCr is an ideal
material for the “ball” component of TMJ alloplastic implants.

4.2 Non-metallic materials

Non-metallic materials have a significant role in joint replacements as well. Ceramics for example, are very stable
and inert materials that can withstand high compressive forces. They are brittle however, and are susceptible to high
tensile forces. They have been shown as useful alternatives as bearing material in highly loaded joints such as the
hip.

4.3 UHMWPE

Ultra-high molecular weight polyethylene (UHMWPE) has also had long termsuccess in the orthopedic literature as
a joint spacer in the hip and knee. With repetitive loading however, it is subject to wear. To prevent
particularization, osteolysis, and aspect loosening, cross-linked ultra-high molecular weight polyethylene with
improved wear resistance has been developed. Hip simulator studies have confirmed very low wear rates with these
new materials. Contemporary metal-on-metal CoCr bearings have shown very low wear rates as compared to
polyethylene. They have however been shown to release particles and ions from the articulating surfaces into the
joint and the whole organism especially in the early phase after implantation. The released metal ions, especially
chromium, are hypothesized to potentially trigger cytoxic, carcinogenic and allergic reactions. The incidence of
these implant-related complications is very unavailable.

5. Properties of plastics suitable for TMJ

2950

Plastic Tensile strength (psi)
Nylon 12400
Polypropylene 5400
HDPE 4000
UHMWPE 3100

Table 1 — Tensile Strength Comparison of Plastics

Plastic Stiffness (psi)
Nylon 4,10,000
Polypropylene 225,000
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HDPE 200,000

UHMWPE 110,000

Table 2 — Comparison of Stiffness

Plastic Izod Impact (notched) toughness (ft-1bs/in)
Nylon 4,10,000
Polypropylene 225,000
HDPE 200,000
UHMWPE 110,000

Table 3 — Comparison of toughness

5. Methodology

In TMJ prosthesis fossa part is made of HDPE and UHMWPE. Why we cannot use lower grade of plastics? Are
they also suitable for TMJ replacement? If they are then what will be the effect on surface roughness of plastics orin
how much time plastic part will start degrading. So we have selected four kinds of plastics to check the suitability of
these plastics for TMJ prosthesis. Selected plastics for experiment are as follows:

Polypropylene

High density polyethylene (HDPE)

Ultra high molecular weight polyethylene (UHMWPE)
Nylon

AwbdDPE

Four types of ball pin hammers, each one with having different surface finish have been used to scratch these
plastics with constant loading in constant time.

First of all, we have cut the equal size pieces of each plastic. The size of each plastic component is 15 mm. We have
prepared these samples on lathe machine. So we have four samples of each different type of plastic. Then we have
applied a constant load of 10 kg. on each plastic component with each type of hammers on four different samples.
The loading is for 40 seconds for every sample. After loading surface roughness of each plastic component is
somewhat degraded. Then we have measured surface roughness of every sample on a surface roughness tester
named as TESA-RUGOSURF 10-G. All the readings are in micrometer.

6. Results

Roughness awerage (Ra): Ra is the arithmetic average of the absolute values of the profile height deviations from
the mean line, recorded within the evaluation length. Ra is the average of a set of individual measurements of a
surfaces peaks and valleys.

6.1 Degradation of Plastics in Ra value:

Polypropylene (PP)
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Polypropylene
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Graph 1 - Degradation of polypropylene

After testing the samples of polypropylene, graph has been plotted with Ra values in micrometer. Fromthe graph it
can be concluded that, by increasing the surface roughness of hammers degradation of polypropylene is increasing.
Minimum surface roughness of polypropylene samples is 776u1m. Maximum surface roughness of polypropylene is
4296,

High-density polyethylene (HDPE)

HDPE
RA
3500
Value
3000 in Lm

2000
/ ~—&— HDPE

1500
7

1000

500

0 T T T 1

Graph 2- Degradation of High-density polyethylene
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After testing the samples of HDPE, graph has been plotted with Ra values in micro meter. From the graph it can be
concluded that, by increasing the surface roughness of hammers, degradation of polypropylene is increasing.
Minimum surface roughness of HDPE samples is 1300w, Maximum surface roughness of polypropylene is

2922um.,

Ultra-high molecular weight polyethylene

After testing the samples of Ultra high molecular weight polyethylene (UHMWPE), graph has been plotted with Ra
values in micrometer. From the graph it can be concluded that, by increasing the surface roughness of hammers,

degradation of UHMWPE is increasing. Minimum surface roughness of UHMWPE samples is 1159u. Maximum
surface roughness of polypropylene is 2101,

UHMWPE
2500 RA

Value

P in pm
2000
1500

/ —+— UHMWPE
1000
500
0
Graph 3- Degradation of Ultra-high molecular weight polyethylene

Nylon

After testing the samples of Nylon, graph has been plotted with Ra values in micrometer. From the graph it can be
concluded that, by increasing the surface roughness of hammers, degradation of Nylon is increasing. Minimum
surface roughness of Nylon samples is 12677, Maximum surface roughness of polypropylene is 2325ttt ,
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Graph 4- Degradation of Nylon

Comparison of HDPE, UHMWPE, Nylon and Polypropylene interms of surface roughness:

5000
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Graph 5- Comparison of HDPE, UHMWPE, Nylon and PP
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4. CONCLUSIONS

All the surface roughness values of four plastics are plotted on the graph for comparison. From the graph it can be
concluded that, by increasing the surface roughness of hammers Polypropylene degrades maximum and UHMWPE
degrades minimum. It means when UHMWPE is selected as a material for fossa replacement then it will have long
life than nylon, polypropylene and HDPE. And if Polypropylene is selected as a material for fossa replacement then
it will degrade quickly than Nylon, UHMWPE and HDPE. It can form the basis of a future research for designing a
new age TMJ prosthesis for people suffering with TMJ diseases and in need for surgery.
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