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Abstract: The demand for advanced cosmetics needed for remodeling to enhance beauty and fashion is on the
increase in modern times. Also, some of the major parts of the human head that bring about great discomfort in
the human body if not put in proper conditions are the teeth, nose, ears, and eyes. Among these parts, the teeth
are highly susceptible to serious attack and damage at various stages of life. To date, pleasurable feeding would
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be practically impossible for humans without the aid of teeth that are responsible for cutting and chewing.

However, as with other parts of the human body, there are always issues affecting the maxillofacial prosthesis

and teeth, which are usually the result of aging, accidents, or diseases. These issues influence the rising need

for the replacement of maxillofacial and dental bones with different materials that are developed to meet the

structural and biocompatibility needs. Facial and dental implantations have brought about many modifications

to human appearance in recent times. The implants are expected to be safe and acceptable to the body system

as the patient grows since growth is crucial to human existence. As, growth is a function of the age group in

human beings and, the three major age groups respond to growth at different rates. Thus, this review considers

the influence of the human age group on maxillofacial and dental implants. The review provides an insight to

the demand from each age group and the necessary guides on the selection of appropriate biomaterials as well

as future expectations for maxillofacial and dental bones. This is essential because adequate knowledge of the

age group of the patients who need maxillofacial and dental bones demands accurate prescriptions.

Keywords: Maxillofacial prosthesis implantation; Dental implants; Dental oral surgery; Biomedical implants

1. Introduction

he human being has 32 teeth in adulthood
as well as multiple facial bones of different

sizes in the skull™

. These teeth are part of
the skeletal system and are primarily responsible for
mastication, chewing, and grinding of food, which
humans require to survive.

Due to continuous usage and ageing, maxillofacial
bones and teeth are repeatedly subjected to infections
and accidents, which sometimes lead to gradual
degradation and ultimately wear-off or fracture if not
properly maintained. Chemical and organic materials
also affect the teeth and maxillofacial bones in a variety
of ways and, if not curbed, could bring about bacterial
and viral infections and other related diseases that may
eventually result in the displacement or loss of the
maxillofacial bones or the teeth. These infections can
be prevented or avoided in the teeth by proper cleaning
and maintenance, whereas in the maxillofacial bones,
individuals must focus on accident prevention and less
use of inorganic chemicals'™.

The facial bones and human teeth are also prone
to accidents during daily activities; accidents can
result in a fracture or outright removal of the affected
maxillofacial bone. Any of these factors could result
in different levels of discomfort since the affected
bone or tooth (as the case may be) is no longer
capable of performing its function as required. The
use of osseointegrated, dental, and maxillofacial
implants helps reduce the adverse effects of damaged

[3-4

facial bones and teeth™. The main applications for

osseointegrated implants are present in dentistry to

offer a strong base for prosthetic devices and are also
frequently used to replace lost teeth. The capacity of
osseointegrated implants to fuse with the surrounding
bone tissue (gum) is a crucial characteristic expected
of any implantation materials. Hence, the selection
of appropriate materials is very essential. Once
the implant is surgically inserted into the gum,
osseointegration takes place over time to forge a solid
and long-lasting bond between the implant and the
bone " Biocompatible materials, such as titanium and
titanium oxides are commonly used in osseointegrated
implants to facilitate osseointegration and reduce the
likelihood of rejection. For cosmetic or reconstructive
applications, facial implants are made to improve or
repair facial features. Because these implants give
volume and contour to particular facial locations, they
are frequently utilized to treat congenital abnormalities,
injuries, or aesthetic problems. However, facial
implants do not fuse with the bone, in contrast to
osseointegrated implants. Rather, they provide a more
surface-level enhancement to the facial structure by
being positioned beneath the skin and soft tissues.
Common facial implants are used to improve or repair
particular facial characteristics including cheek, chin,
and jaw implants”™,

Nevertheless, the implant needs of each individual
vary due to several factors, ranging from the age of
the individual, the size of the individual’s jaw, and
other physical facial features as well as the nature of
the individual’s maxillofacial defects or infection™™.
These factors influence the type of implant needed
by each individual, as well as the type of usage and
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maintenance required. Various maxillofacial implants
exist for different human age ranges to fix the vast
variety of maxillofacial defects that occur in the human

431 These implants are manufactured with different

face
materials, which must be biocompatible and bioactive
to reduce the deleterious effects that may result from
introducing foreign materials into the human body.
There are several notable differences in the
dental and facial bone replacement requirements
for adolescents and adults. For instance, temporary/
milk teeth and permanent teeth are for different age
groups. Within the age of children/adolescence, any
temporary/milk teeth that are removed can be replaced
naturally while at the adult stage, the permanent teeth
cannot be replaced naturally after removal. These are
primarily due to the ability of teeth bones to regrow
until the human being crosses a certain age limit, after
which the tooth no longer has the growth potential
once removed®. These differences must be taken into
account when recommending implants or prosthetics
for use in dental and other maxillofacial reconstruction
applications. As a result, appropriate technology must
be used to develop suitable materials'”. Composite
material development has been identified as a viable
process for influencing our environments to meet
human desires™. The types of materials used in
developing implants play a major role in the rate of

¥ However, the

healing as well as tissue integration
age of the individual determines, to a large extent,
how the body heals over the implants''”*. Though
more of the implantations are carried out on the adults.
Occasionally, some younger ones with diseased or
accidental cases have usually been handled as well,
hence, the inclusion of every group in this review.
Polymeric composites (including silicon-based
polymers) are now playing an important role in the
development of biomaterials for the biomedical
industry, thanks to advanced research on polymer-
based composites. Advanced materials are presently
being developed to replace costly and scarce materials
and also serve as a replacement for other materials in
areas of applications where polymers were formerly
considered unsuitable. Polymeric-based products
have recently replaced metals and ceramics in
construction, aviation, automobiles, and biomedical
applications'". The biocompatibility of polymers and
the apparent ease and convenience of forming polymer-

based composites have propelled their use in several
biomedical applications, including the development
and construction of dental and maxillofacial implants.
Thus, this class of materials is fast becoming the
most suitable for meeting human needs for dental,
maxillofacial, and subdermal applications.

To meet human yearning in recent times, where
high demand has been placed on the modification of
body parts, in particular, the human face to enhance
beauty and aesthetics, maxillofacial prosthesis and
dental implantations have played many roles. It has
contributed a lot to the fashion and health care delivery
services and needs in the modern age and hopefully, as
more demands on cosmetics globally increase, facial
and dental implantations will continue to require more
attention from researchers. Hence, this review was to
aid further research and development in this field with
a strong emphasis on the influence of age and growth
on the implants.

2. Dental Implants and Age Ranges

2.1 Childhood

Implant dentistry has recently shown interest in the
artificial and permanent replacement of lost teeth in
adolescents and adults. This implant's benefits and
long-term acceptance are the reasons for its widespread
use!"”. In the previous two decades, the prosthetic
replacement of human teeth by dental implant materials
was primarily limited to patients (primarily adults)
with complete craniofacial growth; thus, an individual
below the adulthood range would not be administered a
dental implant replacement'”. Successful implantation
in older patients with dental ailments naturally depends
on the treatment plan, the quality and quantity of the
bone, good long-term oral hygiene, sound surgical
technique, and optical restorative prostheses. These
"success dependents" also apply to children, but
children uniquely have steady growth in bone and bone

%] The replacement of a damaged adult

mineral density
tooth by the insertion of dental implant material cannot
be overemphasized in the treatment of dental ailments
in the world today. In children, this thermal treatment
method has not been considered seriously, and the use
of implants is still infrequent and controversial'*!. In
some cases, anodontia, partial anodontia, congenitally
missing teeth, and tooth loss from accident or trauma

occur in children and adolescents, and they may
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undergo dental implantation with a dental implant that
would be thoroughly scrutinized to suit the body system
and growth rate of the patient. However, part of the
reason for low dental implantation demand at this age
group can based on the fact that the teeth at this stage
are usually temporary, and if removed, the possibility
of it been replace naturally with permanent teeth is
certain. Also, based on human activities, children are
less susceptible to human-induced hazards compared
to adolescents and adults"”. The use of implants in this
stage is only in rare cases, especially if the patient has
an underlying disease like Leukemia or cancer, which
is still a whole controversy in the medical field.

The use of implant dentistry in paediatric patients
varies greatly as individuals progress through the stages
of development. Existing literature revealed growth in
children's dentition that can bring about changes even
at the jaw bones with the exclusion of muscles around

[l This process is expected to result

dental implantation
in infra-occlusion of the implant-assisted prosthesis
relative to the rest of the dentition. This stage has been
identified as the primary threat, and it is the reason why
the growth of implant dentistry in paediatric dentistry
has been initially limited. Despite this, some studies
have shown implant material insertion and effective
control of infra-occlusion in growing children!"”.

Major indicators of the need for dental implant
placement in growing patients can be divided into two
categories:

i. Congenital (which includes non-syndromic
hypodontia, ectodermal dysplasia, and cleft lip and
palate)!'™ ',

ii. Acquired (which includes lost teeth through
dentoalveolar trauma and tumour resection)!"”.

The presence of adjacent primary teeth, skeletal
growth of the jaw bone, insufficient quantity, low-
quality mandibular bones, poor dental hygiene, and a
poor mental state are all inherent alterations to dental
implant insertion in paediatric patients "*'.

One of the most important factors that should be
considered during dental implantation in children
is skeletal maturation. To minimize infra-occlusion,
which is assessed using hand-wrist radiographs
or a cephalometric analyzer, this requires careful
consideration. Methods for managing infra-occluded
implants were worked on by Kamatham ez al.,""",

in which they concluded that the essential methods

involve novel implant-borne prosthetic restoration,
orthodontic pre-treatment to alter adjacent teeth, as
well as extrusion of divergent teeth and distraction
osteogenesis.

An innovative implantation-borne prosthetic
restoration has been successfully used in the
management of infra-occlusion, and the crown-root
ratio has been identified as a factor that may influence
the prognosis of this new implant-borne prosthetic
restoration'””. However, there are certain limitations
with this new technique in the management of infra-
occlusion in children, which include.

i. Infection

ii. Undesirable shape

iii. Delayed consolidation that led to non-union

iv. Premature consolidation and incomplete
osteotomy

v. Unwanted lingual/palatal inclination of the
transported bony segment relative to basal bone!"".

As a result, more clinical studies should be conducted
to regulate the predictability of using this management
in children. Dentists are not to contraindicate the
application of dental implantations in children to
avoid infra-occlusion since previous investigations
of craniofacial dimensions have established major
changes during their adulthood stage!"”’. Therefore,
the benefits of dental implantations should always
be weighed against their simultaneous difficulties.
Whenever dental implants are inserted into the jaw of a
child, enhanced aesthetics, reduced bone loss, function,
and dental hygiene are the main benefits, in addition to
the psychological comfort of the child™. Restoration
with implants advances the self-esteem of children or
adolescents, which is an important factor supporting
the application of implants''”. If children are in their
active growth phase, a special type of biocompatible
implant material known as mini implants has been
proven to be an alternative treatment procedure carried
out to achieve an aesthetic and functional achievement.
This treatment procedure is suitable because they can
be detached or unscrewed with ease when they are
infra-occluded. Thus, this aids the preservation method
of handling ailments in paediatric dentistry and thereby,
providing successful dental implantation in the growth
phase"l.

Kumari et al.,”” in their study on dental implants
in children concluded that during the implantation
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procedure of a damaged tooth that is adjacent to
another set of teeth, a dentoalveolar growth arises in
the edentulous space. When a dental implant is placed
prior to dentoalveolar growth, it becomes immersed
relative to adjacent teeth, confirming that dental implant
materials have the same physiological properties as
an ankylosed tooth, resulting in poor aesthetics and
implant-to-crown ratio. To mitigate these issues in
children and adolescents, it is essentially suggested that
dental implants in children should not be administered
until two-year cephalograms indicate an absence of

alteration in the position of the adjacent teeth™

. Any
missing tooth or set of teeth with adjacent permanent
teeth in growing pediatric patients can be treated
with dental implantation using a specially selected
material®. Future dentoalveolar growth as well as
the patient's psychological maturity must be carefully
considered during the preparation for dental implant
placement (commonly known as pre-implantation
activities) in children. On occasion, an edentulous
arch occurs, and since there are no teeth present, less
attention is shown to the dentoalveolar growth. The
major focus in this situation is the vertical development
of the complete mandible, which most times leads to
incoherence in jaw size due to mandibular rotation,
though the location of implant material usually shows
less effect!”.

In as much as necessary and cautious considerations
are given to the physical and psychological growth
of paediatric patients before dental implantation is
carried out, it is very necessary and of good ethics for
paediatric patients to recognize and appreciate oral
hygiene techniques and also execute them effectively.
In growing patients, oral hygiene has undoubtedly
become less effective, and dental implantation is rarely
carried out''"”),

Laboratory studies made on the physiological
characteristics of jaw growth have indicated that it
is advisable to exclude implant placement sequel to
the mandibular canines™. Dental implants have also
been implanted effectively in growing patients with
ectodermal dysplasia. It is critical to note that the
use of implant materials in growing children requires
extreme caution because the development of the jaws
and dentition occurs frequently. On rare occasions and
when other options are available, dental implantation
should be avoided until the adolescent age of 15

for females and 18 for males"”. Patients who have
undergone any form of dental implantation should also
undergo sufficient follow-ups to locate or prevent any
possibility of infection. Though fewer accidents and
cases of self-abuse are expected to cause problems
at this stage, disecases have always been a major
challenge. The use of implants for children is usually
only done in exceptional or specific cases and is not
very common in clinical practice. Due to the growth
at this age, biomedical implants that can regenerate
and grow with the patient are desirable to eliminate
the need for follow-up. Such advanced materials are

needed for this purpose and age™.

2.2 Adolescence

In a 10-year follow-up investigation that was
excluded from the review because the reason for
implant placement was not specified, 47 implants
were inserted in patients between 13 and 17 years
of age. The output showed dental implantation as
an effective procedure for treating or replacing
missing teeth in adolescence™. In their study on the
Orthodontic characteristics of the application of oral
implants in adolescents, Thilander ez al.,”” mentioned
a few important points. The maxillary incisor region,
especially the lateral incisors in adolescence, is more
susceptible to adverse effects caused by the constant
development of adjacent teeth and craniofacial growth
after the adolescent stage. Hence, the adolescent stage
is known as the critical age for implant placement”,
Also, another factor that influences an adverse effect on
dental implants in adolescents is the presence of space
between the implant material and adjacent teeth”*),
It was discovered that a smaller distance between a
dental implant and an adjacent tooth in adolescents
brings about a greater risk of bone loss around implant
material'”. Therefore, the acquisition of adequate
space for dental implant placement prior to extraction
is a vital step that brings about a positive impact during
post-implantation stages in adolescents””. The large
distance between the implants reduced the success rate
of the implantation. Hence, before placing implants
in adolescents, appropriate space must be available in
the implant site by uprighting and paralleling adjacent
teeth with the aid of non-intrusive movements®™”.
Ledermann et al.,”" reviewed 42 implantations in

34 patients with an average age of 15 years, and it
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was concluded that a 90% success rate at a follow-up
time of about 36 months was obtained in their study.
The investigation revealed a positive soft and osseous
tissue reaction to osseointegrated dental implants. A
major difficulty was discovered, which was stated to be
the ankylotic nature of dental osseointegrated implant
material and its inability to react to the vertical growth
of adjacent teeth and the alveolus, which resulted in
infra-occlusion of implantation.

It is important to consider certain factors when
introducing dental implant materials to growing
patients (children and adolescents). Therefore, great
attention must be paid when placing dental implant
materials in growing patients due to physical and
developmental alterations of the jaws, chin, and entire
dentition. The introduction of implant materials should
be delayed if possible until 15 and 18 years of age
for females and males, respectively. Finally, growing
patients who have been previously treated with dental

implants should be given a suitable follow-up'*.

2.3 Adulthood

As concluded by various researchers, achievement in
biological implant therapy is mainly grounded on the
durability and physical stability of tissue integration
with bone. One of the major physical and biological
concerns in administering dental implants to adult
patients is the possibility of compromised healing of the
surgery-related wound that accompanies implantation as
well as the effect of ageing on the long-term integrity

B2 Implant-supported crowns of

of osseointegration
an adult can cause submergence, inconsistencies of
marginal gingivae, an upwardly curved distortion of
the intercuspid occlusal plane, a compensatory eruption
of mandibular incisors, and mesial tipping of maxillary
lateral incisors and canines. These complications due
to compromised healing can cause great discomfort to
patients.

Osscointegration in implant dentistry is a
complicated process that involves a group of
intertwined procedures that take place when the root of

B2 This tissue-

the implant is in contact with the tissue
implant relationship involves the blood-clot formation
and primary adsorption of serum constituents prior
to implantation and immune-inflammatory response
to implant insertion. Mobility and connection of

undifferentiated mesenchymal cells onto the implant

surface, their proliferation and differentiation formation
of extracellular matrix, and finally, their mineralization
and maturation. Research carried out with the use of
a human invivo model also confirmed skeletogenesis,
inflammation, neurogenesis, and angiogenesis
as the main biological procedures involved in
osseointegration™.

The physiologic and biological process of ageing
from early adulthood to late adulthood is also very
complicated at molecular stages. The cellular and
systemic stages also influence the characteristics and
procedures of healing the affected arecas associated
with dental implantation. Ageing in adult patients has
been confirmed to have a vital impact on the healing
process of other soft and hard tissues affected by dental
implantation. This ageing factor is also associated
with the deterioration of other parts of the human
body, such as skin wrinkles and long bone fractures™".
Inflammation in the human body is a vital aspect to be
considered, which is also the genesis of injury healing,
and this has been proven to rise with age in adults”. In
adults, ageing has been reported to catalyze the release
of inflammatory hormones from fibroblasts. Thus, a
protracted inflammatory period in the human body
might as well delay wound healing following dental
implantation™”.

The healing of soft tissues after dental implants
are administered to adults begins after 2 weeks of
insertion; thereafter, fibroblasts, which are known as
the predominant cells found in the connective tissue
interface, begin to heal and take about 4 weeks to
stabilize. As the connective tissue starts to develop,
the density of fibroblasts undergoes a steady decrease.
Depending on the adulthood stage, after 6 to 8 weeks
of healing, a developed barrier of the epithelium as
well as copiously structured collagen fibres become
evident; thus, a complete and efficient soft-tissue seal
is developed”®. However, dental reconstruction of an
ablative defect in a young adult male that was initiated
by the resection of an ameloblastoma in the mandible
has been reported"”. Though, Hawley material and
a buccal resin-bonded retainer were used in this
case, an overeruption of maxillary posterior teeth
occurred, which almost led to the obliteration of the
intermaxillary gap. Thus, during the healing process
of dental implantation, proper care should be taken to
avoid complications.
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Two phases of ageing can influence new tissue
formation during the regenerative phase of healing,
which includes alterations in stem cell populations and
the microenvironment (growth factors, extracellular
matrix, etc.), and these changes influence the biological
activity of progenitor cells" **. The population of
stem cells within the micro-environment is directly
influenced by the surface roughness of the base
implant, which provides a suitable environment or

scaffold for cellular attachment, bonding, and growth,
as shown by the SEM micrographs in Figure 1°7. A
typical example of the surface roughness of different
titanium implants is shown in Table 1. This favorably
affects the formation of new tissue and progenitor
cells, which are present in almost all tissues'™. The
major role of these progenitor cells is to regulate tissue

. . . 20
homeostasis and regeneration upon ageing"’.

Figure 1. SEM Micrographs showing microscopic tissue growth around an implant®”

Fundamentally, the functions of stem cells deteriorate
with age, possibly through modifications in self-
renewal, differentiation potential, senescence, and arrest
of proliferation”®. The reduction of progenitor cells is
majorly associated with age-related tissue degeneration
as well as reduced potential for regeneration after

[39]

injury” .

Table 1. Titanium-Based Dental Implants Surface Properties from Machined and Polished Surfaces

Researchers in recent times have focused more on
the roles of oxidative stress and impaired cellular
antioxidant mechanisms in stem cell ageing, which also
includes alterations in structures that control the repair
of damaged DNA, a decrease in telomere length, and
epigenetic changes induced by histone acetylation and

methylation***.

[40.41]

Implant Surface Roughness (um) Contact Angle (°)
Biomimetic CaP coating Ra=1.83+0.64 13.4+0.17
Modified SLA Sa=1.16+0.04 -
Plasma-sprayed HA coating Ra=1.06+0.21 57.4+3.2
cpTi Ra=0.22+0.01 55.444.1
TPS Ra=7.01£2.09 -
SLA Sa=1.15+0.05 138.3+4.2

These activities are mainly influenced by various
cell-intrinsic and cell-extrinsic pathways which impact
both stem cells and other minor cells evident in the

stem cell niche™

I Reports have been made and various
conclusions confirmed that cell creation, movement,
and pluripotency are effectively subdued in stem

cells obtained from aged periodontal ligament tissues

compared with those from children and adolescents'®.

These numerous research works proposed that aging in
adults from young adulthood to late adulthood results
in inherent changes in the quantity of regenerative
(progenitor) cells which with time restricts the capacity
for the development of new tissue formation that
in some cases is upturned by delivery of deficient
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molecular cues to the wound site.

The healing of muscles and bones in the late
adulthood stage is usually affected conspicuously
by a decelerated capacity to neutralize responsive
oxymolecules of the respiratory chain. Free radicals
are formed by these respiratory chains and cause
oxidative damage to vital cellular constituents which
in no time affect cellular function by deteriorating
cells of osteogenic lineage*!. Aging in adults also
shows a negative effect on angiogenesis. It can occur
at different stages of adulthood including variations
in development or signals associated with vascular
endothelial growth factor and fibroblast growth
factor-21*,

After implant insertion, the long-term achievement
of implant therapy solely depends on the ability of
the seal located around soft tissue to be maintained
around the implant to yield effective bone support.
Effective healing and maturation of wounds and
ensuing remodeling are paramount to achieving
the entire requirements for clinical success. Thus,
comprehending the effects of aging on tissue
maturation and remodeling cannot be overemphasized.
In aging adults, tissue-remodeling stages in the wound-
healing process after dental implantation bring about
changes in collagen constituents in the wound. With
the maturation of the wound, type III collagen, which
is a major matrix compound present in granulation
tissue, is ultimately replaced with type I collagen™’.
It has been confirmed that remodeling and maturation
of tissues after implantation in aging adults starts with
a very high level of proteolytic enzymes which in the
long run often show deterioration in the mechanical

properties of developing tissue'*”

. Aging in adulthood
simultaneously enhances apoptotic signaling. It has
also been reported that the elimination of cells from
newly regenerated tissue is affected by aging'*".

Du et al. (2013)™" in their study reported that in
preclinical animal trials, ovariectomized animals exhibit
osteoporosis which is detrimental to osseointegration, as
revealed by histomorphometry results like the bone—
implant contact and bone volume. Thus, applying
osteogenic surface modifications on animals is
confirmed to enhance osseointegration in comparable
preclinical animal models™”. It has also been revealed

in some clinical reports where it was stated that

osteoporosis is a risk feature that affects the failure
of body implants. However, adequate indications are
yet to be made to show that osteoporosis possesses
harmful effects on bone healing during or after
osseointegration, thus, conclusions cannot be made to
prove the relationship between osteoporosis and dental
implantation”™”.

It is fascinating to know that in most research,
implant surgery in adults has been carried out with
an average age of 55 years with few post-operative

problems confirmed"”"

. A regression analysis carried
out on 388 Straumann TPS implants confirmed that
age is not significantly related to implant survival
time"”. Implantations in senile adults have not been
proved lately by researchers to be an issue in terms of
slow wound healing or post-operative complications.
Nevertheless, senile adults with chronic health
challenges should not be administered a dental

implant”?.

3. Facial Implants and Age Range

3.1 Facial Implants

According to the global statistics carried out by
Statista in 2020, facial subdermal implantation is the
third most common cosmetic implant administered
worldwide™. The use of implantable biomaterials
has no doubt become an essential part of facial
reconstruction as well as aesthetic surgeries due

B4 Facial

to their efficiency and biodegradability
implants are often used in various applications
including post-traumatic reconstruction, correction
of congenital abnormalities, and aesthetic
augmentation or enhancement””. Various augmented
facial sites including nasal dorsum, malar eminence,
lip, forehead, cheek, and chin in diverse applications
(which include orbital floor reconstruction,
rhinoplasty, and augmentation of the facial skeleton)
have been implemented™®’.

Figure 2 shows the diagram of the application of
biomaterials as a facial skeleton and distribution of
implants according to anatomical location [Internal
Orbit (145); Malar (58); Temporal (30); Paranasal (29);
Infraorbital Rim (28); Mandibular Body and Ramus
(24); Chin (22); Frontal (21); Nasal (13)]. The blue
lines represent cutaneous incisions while the red lines

. .. 57
represent mucosal 1n0151ons[ ].
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Figure 2. Maxillofacial Implant Distribution””

Autogenous options (bone, cartilage, fat, dermis,
fascia, etc.) are often described as the backbone or “gold
standard” for introducing changes in the facial profile.
Also, the term swapping “self with self” is pertinent to
the facial skeleton and soft tissues™". Irrespective of
their form, biodegradable materials undergo a gradual
degradation over a period of time to assist as scaffolds
or for the healing process in facial cosmetic or plastic
surgery”. To perform this task perfectly, the ideal
biodegradable implant material used for facial cosmetic
or plastic surgery must imitate the characteristics of
the tissue to be replaced, augmented, or supported.
However, transfer or relocation of autogenous tissue
is generally desired at the site of reconstruction or
surgical enhancement, graft resorption, and distortion.
Also, the unavailability of adequate tissue and donor-
site morbidity, in the long run, can be detrimental and
as well pose complications to the patient'®”’.

On the other hand, allogeneic implants have been
used for facial plastic surgery for many years as a
substitute for autologous grafts, and previous reviews
have shown the successful use of several materials
to augment contours in the facial skeleton. Hard
implants are applied in the restructuring of a variety of
maxillofacial defects including frontal and temporal
regions, infraorbital rim, paranasal, internal orbit,

malar, nasal regions, mandible, and chin. Hard implant
materials also offer a more conspicuous substitute to
enormous reconstructive sites and exhibit exceptional,
natural contours in facial sites that need delicate three-
dimensional implantation (for example, nasal dorsal
augmentation, and microtia repair).

Commonly used hard implants in facial restructuring
include Silicone (polydimethylsiloxane), Gore-Tex
(expanded polytetrafluorethylene), MedPor (high-
density porous polyethylene), Silastic (solid silicone
elastomer) and Mersilene (non-resorbable polyester
fiber) while some other ones that are not often used
are PMMA (polymethylmethacrylate), Supramid
(polyamide nylon mesh) and Permacol (porcine dermal
collagen)”®"’.

In growing pediatric patients, the maxilla is the most
traumatized region in the face. After the loss of a tooth
that is about 40-60% of bone, resorption occurs in the
first year and this happens mainly in the facial plate.

3.2 Children

Granstrom et al.,'” in their study on Osseo-integrated
implants in children examined 100 pediatric patients
under the age of 16 years who require Osseo-integrated
implant surgery. In their research, 76 of these pediatric
patients had solid implants administered to them for
bone-anchored hearing aids often known as prostheses.
In this case, the major indication for the implant
installation was a bilateral ear lobe malformation. The
implantation was inherently operated as a two-stage
process with a healing duration of 3 to 4 months. About
39% of these implants were placed in contact with
the dura, sigmoid sinus, or air cell. Granstrom also
concluded that a steady follow-up must be followed
in pediatric patients after facial implantation because
growth is inevitable in pediatric patients which most
times affects the position of the implants and in
the long run may cause discomfort to the growing
patients. Figure 3 is a clear example of the conclusion

Granstrom ef al.,'”

made. An Osseo-integrated implant
was inserted in the left ear of an eight-year-old boy. In
this case, two Osseo-integrated implants were inserted
as a 2-stage procedure, which included abutments and
a bar for retention of external ear prosthesis. Constant
follow-up gave way to a perfectly implanted Osseo-

integrated implant.
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Figure 3 (a) Image of an 8-year-old boy who lost most of his left external ear after a dog bite (b) Prosthesis in place after the

lobules are left intac

Granstrom et al.,'””

in their study also recorded
implant failures in up to 5.8% of 170 inserted fixtures.
The presence of adverse skin reactions appeared in
9.1% of the 100 pediatric patients that are less than 16
years old over 21 years post-implant follow-up therapy
duration. Modification surgery was embarked on for
22% of patients due to the presence of appositional
growth that occurred in the temporal bone. About 24
pediatric patients in the age range of 9-11 years old
were not fit for the osseointegration surgery due to their
fragile physical state. Cosmetic surgery was measured
to be an enhanced alternative to enable the growth
of the temporary bone. Granstrom et al.,'” finally
reported that the rate of facial implantation failure
in children and adolescents is lower when compared
to adults because revision surgery is easily carried
out in pediatric and early pubertal patients due to the
formation of fresh bone, but the occurrence of skin

reactions is the same with adults.

3.3 Adolescents and Adults

Several research works in previous years have looked at
the post-implant results following facial reconstruction
in growing and adult patients using different types of
facial implant materials. There are also conditional
merits and demerits of the varying material type used
for facial implantation, with reported complications,
irregular contouring of the overlying skin/tissue,
infections, extrusion of the implant, mispositioning,
pain, or patient discomfort, and in some cases
hypoesthesia. Threats and complications faced while
administering facial implants is usually grouped
based on the material used, the site of the implant,
and the maxillofacial movements of the patients after

621
implantation'").

Infection in the implant site of poorly implanted
facial implants has always been an issue of concern,
especially in adulthood because these materials
possess lower vascular ingrowth and further act as
a surface for the colonization of bacteria as well as

biofilm formation!®!

. As long as facial implantation
is concerned, it remains a controversial issue as to
whether porous facial implant materials (including
MedPor, GoreTex, and Mersilene) possess a high threat
of infection when likened to their “fine” counterparts
(silicone)®.

A good number of zealous researchers have taken
time to study the infection rates accompanying
GoreTex, MedPor, and silicone, and their conclusions
are inconsistent due to the differences in age, gender,
and environmental factors affecting the implants.
Bacterial biofilm formation is also a critical issue to be
looked into in orthopedic surgery and ophthalmology
implantation and has gained a good number of attention
in the field of facial implantation'®”. Biofilms and
biofilm formation are significant since they are assumed
to affect the confounding events that occur during
post-surgery which include prolonged pain, delayed
infection, and in worse cases chronic or malignant
infection. When compared to orthopedic surgery, the
surgical procedures in facial implants are usually clean-
contaminated rather than sterile. However, conclusions
are yet to be made to confirm the effects of the “clean-
contaminated” implant materials on biofilm formation
since this formation usually has adverse effects in
growing patients'*”.

An extensive study made by Berghaus and Stelter,
(2006)"" reported the high infection risks of adult
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and aging patients when implanted with porous facial
implants by introducing scaffolding for the breeding
of bacteria. It is important to know that facial implant
materials with smaller pores likely show more risk of
infection since they show negativity in the granulation
of an extensive tissue and the distribution of host
inflammatory cells to improve the immune system of
the patients. Complications in adult patients seen with
facial implantation usually occur due to inadequate
correction or over-correction, infection, extrusion,
malposition, implant migration, nerve hypesthesia/
anesthesia, and facial nerve injury'®".

A prominent position on the face is the nose which
is amenable to micro-trauma and major blows and
increases infection risk as well. Pre-operative or
intra-operative shaping of implants is not just an
important but also a delicate step in the prevention
of complications in any age range of human
growth®™. Complications also occur in patients with
somatic diseases which makes the usage of implants
challenging and sometimes impossible. Several cases
of somatic delusions and delusional halitosis have been
observed and researched by several authors'®”. Some
patients suffering from body dysmorphic disorders also
most times oppose implantation”””. These patients have
to undergo treatment for these psychiatric issues before

they can undergo any type of facial implantation'”".

4. Future Demand

From the reviewed research reports, it was obvious
that more efforts are to be focused on the development
of advanced implant materials for the various and
complex body parts that demand flexibility. Presently,
the use of smart materials in some respects is not
capable of solving some maxillofacial prosthesis and
dental implantation challenges. The influence of growth
or the consideration of age group and the risk factors
for each age group, in the development of suitable
implants is still an issue to be well thought out while
considering materials for this application"”. Therefore,
there is a need to look into how to advance seemly
materials in the future. Nanotechnology is currently one
of the methods for achieving advanced and dynamic
materials. Hence, the application of nanomaterials
as well as smart materials can be considered in
meeting the ever-evolving and dynamic requirements
in this field. This is pertinent because adopting

only nanotechnology for the production of these
advanced materials may not satisfy the ever-increasing
properties desirable for satisfactory performance!"").
It is expected that researchers will still create more
advanced processing routes for the development of
novel materials that can meet any expected needs'™.
Future demands for advanced cosmetics and fashion
materials need to be expected, hence, the need for more
flexible technologically oriented materials and process
development. A proper guide will be needed for
classifications of biomedical implants with respect to
age groups as; childhood implants, adolescent implants,
and adult implants that focus on challenges that are
common to each group. With this, it will be easier to
group materials, search for materials, and process these
materials for desired properties and applications in
biomedical industries.

5. Conclusion

This review has revealed that age and growth are
fundamental to the development of maxillofacial
prosthesis and dental implant devices which are
very useful in the management of a wide variety of
maxillofacial and dental ailments. The selection of
suitable materials depends on certain factors, including
the age of the individual which determines the level of
biological activities going on within the age range and
growth rate, materials used in manufacturing implants
or prosthetics, and the nature of the ailment. There is
an inevitable change in the effectiveness of implants
in humans as they grow older from infants through
adolescents to adults. The reason for this is that infants
will require constant implant replacements as they
grow older into adolescents, while adults do not require
as much change upon implant fixation. The nature
of the ailments has also proven to have a profound
effect on the type of implants used and the duration of
implantation. These factors have directly affected the
need for maintenance of the implants and prosthetics,
as well as their manufacturing requirements to avoid
post-surgical complications. It was discovered from the
review that, the attention needed by the children and
adolescents are similar because they are still growing
while for adults, adequate healing is the major concern
as it may take a longer time for healing to take place
due to less active biological activities at older age.
Therefore, a direct correlation can be drawn between
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the age of the individual, the materials used for the
manufacturing of implants, the rate or efficiency of
the healing process, and the type of post-implantation
culture to be adopted.
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