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Abstract: Many large tissue defects occur with surgery treatments of tumors in the maxillofacial region. Maxillofacial prosthesis
application can be used as an alternative treatment for cases where plastic surgery reconstructions cannot be applied. While the
retention of maxillofacial prostheses used to be provided generally via adhesive bands, adhesives in liquid or spray form, and tissue
undercuts, the current treatment of an intra-oral edentulous condition is frequently conducted via osseo-integrated implants.
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INTRODUCTION

Implants Used in Maxillofacial Prosthetic Treatments
e |Intra-oral Implants
e  Extra-oral Implants

EXTRA-ORAL IMPLANTS

General Principles of Implant Supported Restorations of Extraoral Defects

o Implant abutments must be as optimal as the covering skin can provide,

e  For preventing destructive forces, subcutaneous skin layers should be thinned surgically, and this process must be
performed 10mm away from abutments,

o Implants should be 1cm away from each other for hygienic purposes,

e  Bars fixed between abutments must be in accordance with natural contours of the face and they must be designed in order
to provide required hygiene needs,

o Implants must be placed at least 7mm away from hairy skin. If that is not possible, a skin graft must be applied.

Auricular Prostheses

Auricular defects constitute 70% of all maxillofacial defects. Surgical reconstruction of the auricular helix requires a surgery
series taking a couple of years. An obtained auricular helix may not appear original and may not create a symmetrical face
appearance. Transcutaneous implant usage is seen as an effective treatment option for auricular prostheses. By using this technique,
it is possible to fabricate prostheses which are similar to anatomical structures and do not create trauma in the nearby tissues. These
prostheses include retentive mechanisms. The position of implants on the temporal region is very important for the aesthetic of
auricular prostheses. Implants should be placed at the anti-helix level because retention systems need to be placed inside of the
borders of auricular prostheses. Two pieces of implants placed in the temporal region can provide the retention of auricular
prostheses. In such cases, two implants must be placed within 15mm away from each other and each of them must be 18mm away
from the center of the auricular canal. One implant must be placed in the 9 o’clock position and the other in the 11 o’clock position for
the right auricular, and one in the 1 o’clock position and the other in the 3 o’clock position for the left auricular (Figure 1). These
traditional proposals should be accepted as a fixed principle. The exact positions of implants must be determined by producing a wax
sample and using a surgical stent. First of all, a wax model should be shaped for auricular prostheses in accordance with anatomical
auricular specifications and then it will be placed such that it provides face symmetry. By using a wax auricular, a surgical stent can be
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produced from acrylic resin or vinyl acetate. When it is placed, the surgical stent must indicate the most appropriate regions to place
the implants. For auricular prostheses, generally two different retention systems are preferred and may be used alone or in
combination. For the first system, a gold base alloy bar is used in 2mm diameter form. This bar is soldered on a gold cylinder and then
attached to implant abutments. The retention clips attaching the prosthesis to the bar are included in the prosthesis.

The usage of the bar and clips system provides efficient prosthesis retention and force distribution. However, because the
prosthesis includes a base part covering the bar, it is very difficult to reach the region beneath the bar and to clean it. Because
retention is provided too effectively, insertion and extraction of the prosthesis may be difficult for patients who cannot use their hands
effectively. In such cases, magnet auricular prostheses would be a better choice. The second retention method is the magnet
technique. The first method of this technique is to use a bar and magnets together. A bar structure attached to implant abutments is
designed to create a seat for magnets. Magnets are placed into those seats by using acrylic resin. The other pair of magnets is placed
into the silicone prosthesis. The magnets used in that system generally have a 6mm diameter and 2mm thickness. The bar-magnet
system may create hygiene and aesthetic problems because they increase the volume of the structure which provides the retention
[1-5].

(This figure was prepared with IMTEC'’s ILUMA Vision Program).
Fig-1. Selecting the ideal implant sites on an auricular model.

The third alternative is to use a magnet system without using bars [6]. In this technique, magnets are directly attached to
implant abutments. The main advantage of this technique is that it easily hides implant abutments inside of the borders of the
prosthesis. The previous periods of implant placement in auricular prosthesis has included the usage of four implants as
reinforcement. Currently, it is accepted that two implants are enough to provide retention and reinforcement or auricular prostheses.

Nasal Prostheses

Nasal defects constitute 6% of all maxillofacial defect cases. The anterior nasal spine region beneath the nasal cavity has
enough thickness to accommodate 3-6mm implants (Figure 2). The wax nasal model shaped before surgery may help in the
determination of locations where implants will be placed and planning such that the holders will not affect the prosthetic contours [7,8],
[5]. In order to provide a stable surface for nasal prostheses, the defect region should be covered with a semi-thick skin graft. This
process eliminates the destructive effects by decreasing the mobility of auxiliary tissues beneath the prosthesis. In order to increase
stability, nasal prostheses should be extended through the lateral wall of the defect. For this purpose, anterior septal cartilage should
be surgically lifted. To place one implant on each of two nasal eminence regions would provide enough retention. It is also
recommended that abutments should be attached to each other with a bar and that bar must pass 15-20mm over the abutments.

Orbital Prostheses

Orbital defects constitute 20% of all cases. The problems which adhesives create in the temporal region are seen more
frequently in the orbital region. Due to the adhesive coverage of orbital defect edges, consisted moisture causes inflammation in the
soft tissues and it may therefore decrease the quality of life of the patient [9-12]. Implant usage for the retention of orbital defects
increases adhesive needs and prostheses became easier to use. They can be inserted and extracted without serious effort. This easy-
to-use specification causes effective ventilation and protection of tissue health. For the retention of an orbital prosthesis, bar and
magnet systems are used. Generally, the bone, which has enough volume to place the implant in the orbita, exists in the lateral edge
of the orbita. However, 3-4mm implants can be placed on bones at inferior, superior, and lateral regions of the orbita. Generally, three
or four implants are required (Figure 3). The long axe of implants should traverse through the center of the orbita. The bar with a
monoblock entrance way may not be achieved if some implants are heading in a posterior direction (cranial fossa) and some are
heading in the reverse direction. If implants exist in both the upper and lower edges, generally, independent magnet systems are
preferred. The wax sample of final prostheses must be used as a surgical stent in order to provide retention and an aesthetic
improvement [13, 14]. The curved structure of the lateral wall of the orbita, the limited existence of bone, and limited accessibility of
the region make restoration and implant protection more difficult. The circular positions of implants may make the production of a
retention bar passively holding to all implant abutments more difficult. The bar also makes access to soft tissue around the implant
abutments difficult. When magnet holders are used together with a bar, the accessibility problem of tissues is increased even more.

© South Asian Research Publication, Bangladesh Journal Homepage: www.sarpublication.com/sarjods 2




Chawla P et al.; South Asian Res J Oral Dent Sci; Vol-1, Iss- 1 (Jun-Jul, 2019): 1-6

The usage of magnets without a bar makes prosthetic processes easier and increases hygiene. Magnets help prostheses to find true
positions during placement. Two or three implants are enough for retention of auricular prostheses.

s k ’.‘".':l
Fig-2. Using implants in nasal defects. Fig-3. Using implants in orbital defects.

Ocular Implants

Ocular implants are materials placed into tissue sockets in order to make the production of prostheses easier. In 1960, Allen
et al. [15] developed and embedded acrylic implant into canals for the passage of muscles for ocular prostheses. Then, by burrowing
holes in acrylic Allen type implants rather than canals for the passage of muscles, the lowa and Universal implants entered into usage.
Today, most of the ocular prostheses are made of thermoresistant, strong, light, and unbreakable acrylic materials. If any material is
not used in order to fill the empty space, there is a collapsed appearance because the size of the eye is restrained by a gap between
the upper and lower eye lids. When the muscles move normally, the implant connected to ocular muscles also moves. So, the
prosthesis gains movement ability and more realistic prostheses are obtained. For a growing child, the muscle function obtained by
implementing an implant creates retention on orbital walls, providing the normal development of orbital growth.

Implant’s Placement

Muscles are dissected from sclera after enucleation, where an implant is placed to control hemorrhaging, and ocular
muscles are connected to the implant. Superior and inferior rectus muscles are sutured at 12 and 6 o'clock positions. After suturing
the first two muscles, lateral and medial rectus muscles are sutured on the anterior surface of the implant at 3 and 9 o’clock positions.
In order to prevent the implant from sinking into the eye socket base, inferior oblique muscles are sutured to superior rectus muscles.
The suturing of the lateral rectus also decreases the ptosis. The plastic conformer is placed on the sutures and under the eye lid [16-
18].

Implant Types
There are three basic ocular implant types:

An embedded implant is shaped like a sphere. The implant provides the movement for the prosthesis by moving the tissue
bed where the prosthesis is placed.

A semi-embedded integrated implant is placed in a cone which is established by the ocular muscles. The frontal surface
of the implant consists of a net system which is placed near the gap. Rectus muscles are connected to those nets. The eye prosthesis
is made of male parts according to a gap in the implant. This improves the movement of the implant eye prosthesis, but generally is
susceptible to infection and becomes lost is 2-5 years.

An embedded semi-integrated implant includes a body to which muscles are sutured or connected. When producing
personal prostheses, an adverse contour is made on the back surface of the ocular prosthesis. There is always a tissue separating the
artificial eye from the implant. So the movement opportunity can be protected, even if it is very limited. In fact, porous implants are
made of an inorganic calcium phosphate salt, which is the main element of the human bone’s inorganic matrix. Recently, bio-ceramic
orbital implants have been developed in France (aluminum oxide, Alimina). It was approved by the FDA in America in 2002. Research
regarding ideal prostheses is still ongoing. The artificial eye was developed in order to provide a solution for people who lost their eyes
in an accident or from a disease. But recently, researchers developed a robotic eye prosthesis which can perform all the duties of a
real eye except seeing. The robotic eye is run by a small motor which shifts the eye ball according to the signals coming from the brain
via electrodes at two sides of head. Orbital implants are classified in different ways in terms of applied surgical technique, material
type, shape, etc. According to standard surgical technique, they are classified into two main groups as integrated and non-integrated
orbital implants. The non-integrated implants are placed inside the orbital, behind the tendon, and in the muscle cone. But there is no
direct connection between muscles and the implant and they are generally spherically shaped. Integrated implants are directly
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connected with muscles. Also, those implants are classified into two groups as covered and non-covered implants. The covered
implants are covered by a tendon and conjunctiva after the muscles are sutured. They may be shaped spherically or without any
order. Some part of the implant is covered by different tissues, such as sclera, fascia lata, and dura mater, and then muscles are
sutured to that tissue. Some implants have tunnels and sockets through which the muscles can be passed and then sutured.
According to the material’s structure, orbital implants are classified into two classes as solid (glass, acrylic, silicon, etc.) and porous.
According to development order, porous implants are cattle spongiform bone, sea bream based hydroxyapatite, porous polyethylene,
synthetic hydroxyapatite, and bio-ceramic [19-26]. The hydroxyapatite (HA) ocular implant was first used by Perry [27]. In order to
increase movement, Perry planned the usage of this material in 1983, while basic research studies were performed from 1983 until
1985. After enucleation and evisceration, HA implants were implemented to more than 80 patients from 1985 until 1989 in the scope
of experimental protocol which is provided by the FDA. In 1989, the FDA approved the usage of HA as an orbital implant and released
the usage.

Porous Orbital Implants

Porous implants are the most studied implants in recent years, and they are embedded and may be integrated to
prostheses. They are, in fact, made from an inorganic calcium phosphate salt, which is the main element of human bone’s inorganic
matrix. HA has been used in reconstruction of orthopedic, maxillofacial, and maxillodental regions instead of bone. When it is used
instead of bone, vascular elements and lamellae coalesce with bones and take place in reinforcement tissue. The aragonite (CaCo3,
calcium carbonate) obtained from porites class bream can be transformed into calcium phosphate hydroxyapatite (Ca (PO4)6(0H2))
via a special hydrothermal reaction. The obtained material consists of ordered and mutually connected canals with a 500 micron
diameter. They have many similarities with a bone’s normal Havers system [24]. After the placement of that porous material into the
orbita after enucleation and evisceration, it begins to be filled with fibro-vascular tissue. In approximately 4-6 months, the implant
becomes filled almost completely in most of patients and it becomes a part of body. It is thought to minimize the infection development
and risk of opening. Due to those specifications, the porous orbital implants showed advanced developments against the integrated
implants which were used before.

Orbital Implant Size

The volume loss due to enucleation and evisceration is generally solved by allocating between prostheses and spheres
which are implanted in the muscle conus. Enucleation leads to a 25-30% loss in total volume of the orbita (6.5-7ml). The functions of
orbital implants are to prevent retention of orbital tissues, to compensate for the volume loss caused by removing the eye, to reinforce
the stability of prostheses, and to improve the mobility of prostheses. The volume of an eye ball is 7.2ml, but the volume of a
prosthesis is approximately 2.5ml.

For this reason, the volume of an orbital implant must be identical to the difference between the volume of the prosthesis
(2.5ml) and the volume of the removed eye (7.2ml). If any implant with a smaller diameter than 21mm is used, the possibility of volume
decrease in the orbita space is very high. In the beginning, the highest diameter which could be used was thought to be 18mm.
People believed that if they used an implant larger than 18mm, the conjunctiva and tendon could be closed only by pressure, and so
the implant could possibly be lost. For most adult patients, an implant with a 20-22mm diameter can be easily and without pressure
placed into the tendon capsule and muscle conus. If any fatty atrophy, orbital soft tissue fibrosis, or retraction exists in the orbita or if
any surgical operation is performed before enucleation, a larger implant is required [19],[27,29],[16],[30-32],[21],[13,14],[22],[25].

There are several specifications which an ideal orbital implant must have:
e The implant must be embedded totally,
It should be implemented easily,
It should be light-weight,
It should be smaller than a real glob and it should have enough volume for the prosthesis,
It should be able to be placed in muscle conus,
It should be inert and should not lead to any reaction,
Its structure should not allow any migration and exposition development,
It should not be resorbed over time,
Extra-ocular muscles must attach to the implant easily,
The prosthesis integration must be done completely for a complete transfer of movement.

The deep implant implementation into the muscle conus has some advantages:

e Larger implants may be used, and the enophthalmos and volume loss can be prevented,

e The risk of migration and exposition can be decreased,

e The tendon can be used for covering the implant as much as the anterior tendon capsule. So, the layer between the implant
and conjunctiva can be reinforced. Porous implants are thought to fulfil most of those duties. The most important
specifications of those implants are to be able to be vascularized and to be able to lead to appropriate results for integrating
the prosthesis and implant;
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e  Because of vascularization, the infection risk is very low33 ,
e The passage of fibro-vascular tissue through implant pores decreases the migration and exposition risk,

Most of the weight of the prosthesis is carried by the implant via a pin. So, the weight is taken from the bottom eye lid, and
the risk to the bottom eye lid and fornix ptosis decreases. The pulverization starts a few weeks after porous orbital implants are
implemented into thetendon space after enucleation or into the sclera pouch after evisceration, but the complete vascularization
requires at least 4-6 months [28, 18, 34]. After the end of this period, the completely mobile prosthesis can be achieved via pin
implantation. In order to visualize the vascularization, many different methods are used, including bone scintigraphy, Magnetic
Resonance (MR), Ultrasound, and Colored Doppler. In Tec99m bone scintigraphy, Methylene Di-phosphate (MDP) is used as radio-
nuclide material. Through an unknown mechanism, Tec99m showed that MDP accumulates at immature collagen of bone minerals.
After implementing MDP intravenously, the visualization is performed in each of two lateral positions in 2-2.5 hours. MDP is stored in
implant in proportion to vascularization. The MR contrasted with Gadolinium- DTPA is used in the other method. A 20ml contrast
material is applied intravenously for more than 2 minutes; MR is started in 5 minutes. Some advantages of MR over against bone
scintigraphy include the following:

¢ MRis a more sensitive and reliable method,

e MR provides 3D imaging and, thereby, more detailed information is available,

o The patient is not exposed to radioactive material by using MR, so its application is healthier,
o  We can get information about qualification of vascularization via MR.

Because the sectioning is available via MR, the whole sphere can be evaluated. Normally, vascularization starts at the
periphery and continues through the center. With MR, this separation can be made, and both vascularized and non-vascularized parts
can be determined.But because the counting is made from abroad, the vascularization in the periphery may mask the space in the
center and false results may be obtained.

Besides all those advantages, the biggest disadvantage of MR is that its price is higher than that of other methods. The
vascularization of porous orbital implants is required for covering the base and fornix with a hole which is obtained by screwing the
conjunctival epithelium. This epithelium protects the implant from outer effects, particularly form infection. The epithelization of the hole
which is opened after the screwing process and after successful blood builds up is finished in 4- 6 weeks. When the porous orbital
implant is placed into the orbita, it leads to a minimally inflammatory reaction which is both non-allergenic and non-toxic. Reactions
with giant cells are seen infrequently; it is reported in this reaction that the giant cells on the outer surface of the implant which keeps
company with soft tissues shows osteoclastic activity [35, 36].

CONCLUSION

Combined defects constitute 2% of all defects. For a determination of appropriate implantation areas in the maxilla, nasal,
and orbital regions, a guide wax prosthesis model should be created. By using panoramic radiography and computerized tomography,
the thickness and density of bone structures should be determined. It is possible to place implants in the glabella region of the frontal
bone, beneath zygomatic arc, on pterygoid bone, at upper and lower orbital edges, and in alveolar processes. Bone grafts must be
placed where the bone reinforcement is not sufficient. Large limited combined defect placement on bony structures on the periphery is
more appropriate for their resistance to loads from their long axes. Implants placed at the center of defects transfer destructive forces
to bones to which they are attached by being exposed to Class | level forces during rotational movements of the prosthesis [37].
Trans-mucosal and trans-cutaneous implants can be used as combined implants in cases where intra- and extra-oral defects exist
simultaneously.
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