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Introduction

It has recently been recognized that changes in the bones and soft
tissues of the face are a normal dynamic phenomenon that con-
tinues throughout life [1-7]. Some of the changes are similar for the
two sexes, and some are not. For example, in a study by Kahn and
Shaw of the orbit involving three-dimensional computed tomogra-
phy of 60 patients who were not edentulous [8], facial changes were
demonstrable in all age groups. The changes in the bones of the face
appear to begin earlier in female patients [8, 9] (Figure 8.1),
although the exact age of onset, along with the magnitude and
vectors of the changes, are variable and not predictable. Such three-
dimensional changes in the position of teeth and associated hard
and soft tissue relative to the static position of dental {oral) implants
over the course of time can introduce both esthetic and functional
compromises of the original implant in a restoration, with
unintended consequences. These problems are discussed herein.

Changes associated with aging
The changes with aging arse from a number of sources. The
increasingly common addition of body weight and the impact of
gravity and sun exposure are obvious causes of facial change [4, 5].
Less obvious is normal redistribution of fullness as a result of fat
atrophy or hypertrophy, alterations that contribute significantly to
facial aging [6, 10]. Also important are histologic and microstructure
changes such as reduction in skin elasticity [6, 11, 12] and loss of facial
bone density [13]. Tooth wear may become prominent as a result of
occlusal changes and shifting jaw relations [4, 5].

The numerous age-related changes in the maxilla and mandible
can create several important alterations [3, 14-17]. Both bones grow

downward and forward such that the face gets larger [4] and there is
an increase in facial height both anteriorly and posteriorly, espe-
cially in the lower face, with an increase in the mandibular angle [3,
16, 17]. Confusingly, different studies have produced different
results. For example, Shaw et al. [18] found that ramus height
and mandibular body height both decreased significantly with age
in both sexes, whereas the mandibular angle increased significantly.
The extent of these changes differs in men and women [4, 19], with
the posterior change being greater in men {20]. In males, there is
downward growth of the ramus and autorotation of the mandible
(Figure 8.2) [14, 15], whereas in females, an increase in the
mandibular angle occurs (Figure 8.3) [3, 16, 17].

In both men and women, arch circumference and length
decrease [4, 7], and the teeth drift mesially [11, 21], leading to
tooth crowding, especially in the mandible [22]. [n the sagittal plane
of the posterior mandible, bony changes will result in lingual
resorption and facial bone deposition. The intermolar distance
increases (Figure 8.4) [12, 23-27].

In both sexes, the resorption pattern in the sagittal plane of the
maxilla results in facial (buccal) bone loss (Figure 8.5) [14, 15]. In a
female patient, the anterior maxilla exhibits downward growth
with a lingual vector. This may cause earlier implant thread
exposure [3, 17, 28]. In the male patient, on the other hand, the
anterior maxilla exhibits only vertical downward growth (Figure
8.6a to d) [3, 17, 28]. In both the male and female populations, the
orbital spaces enlarge [6, 8] and the chin changes in shape and
degree of projection [6].

Several soft-tissue changes also occur with aging. The upper lip
length increases [4] and its thickness decreases [19]. Maxillary
incisor display declines, whereas mandibular incisor visibility
increases as the bone rotates anteriorly in males and posteriorly
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Figure 8.1 Generalized timing of facial and craniofacial aging in males and
females. The onset occurs earlier in the female population.

Young Female

Figure 8.3 Illustrates the general changes in females, including increased
mandibular angle and down-growth in lingual vector of the anterior maxilla.

Figure 8.2 Illustrates the general changes in males, including elongation of the ramus, autorotation of the mandible and the down-growth in vector of the

anterior maxilla.

in females [17]. The vermilion display of the lip declines, nearly
disappearing in the old [6].

These vertical and horizontal changes are more pronounced in
patients with short or long faces (Figure 8.7). Whereas all other
structures are free to shift in three dimensions as a result, the true
position of implants does not change, whereas the relative position
of other structures may. Therefore, any implant to be placed in a
short or long face may create greater asymmetry secondary to bone
changes in the adjacent sites [19, 29, 30].

Implant treatment planning to reduce

adverse effects of the aging face

The challenge for treatment planning, therefore, is to consider
and anticipate potential changes over time. This will necessitate
application of a protocol that is time dependent and that will
reduce the future adverse effects of implant placement in an aging
face.

Patients can be divided between those who present a high risk
and those who present a low risk of significant later craniofacial
changes (Table 8.1). The high-risk patient is one with a high
smile line and considerable esthetic demands, a short or long
face, rapid onset of aging, missing or thin facial or interseptal
bone (Figure 8.8), a need for asymmetrical implant placement,
thin soft tissue biotype, and highly scalloped soft tissue. The
lower-risk patients are those with a low smile line, minimal
esthetic expectations, a need for symmetrical implant placement,
intact or thick facial and interproximal bone, thick soft tissue

Figure 8.4 Tllustrates increase in intermolar distance with lingual bone
resorption and facial apposition.

Figure 8.5 Illustrates posterior maxilla with bone resorption on the facial
aspect associated with craniofacial aging.



Normal

Figure 8.7 Craniofacial variations between normal, long, and short skull
anatomy.

biotype, soft tissue coronal to the adjacent dental unit, and flat
soft tissue architecture.

The clinical decisions that must be made prior to treatment are
described in the Table 8.2. They include selection of an appropriate
implant macrostructure and microstructure (Figure 8.9a and b).
Rough and smooth surfaces in the coronal third of the implant wil

Table 8.1 Algorithm for risk factor.

Reduced risk High risk

Intact interproximal bone Compromised bload supply

Intact facial bone High esthetic demands
Thick soft tissue biotype Short or long face
Soft tissue coronal to adjacent unit Facial or interseptal bone missing
Flat soft tissue scallop Thin biotype

Highly scalloped periodontium
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Figure 8.6 [llustrates changes in the anterior
maxilla for a male patient aged 35. Images
show 9 years post-operative. Continuous
down-growth of the maxillary left central
incisor with associated structures while the
implant position remains the same (as an
ankylosed unit).

react differently to bony changes. Overthinning of the bone and
subsequent possible loss may cause an adverse reaction by the soft
tissue to a rougher implant surface. A wide-diameter implant will be
more susceptible to early exposure and detrimental results in a given
ridge dimension. A clinical decision weighing implant strength,
loading forces, the age of the patient, and the likelihood of earlier
thread exposure is important. Similar decision making is valuable
with regard to the apical third of the implant. Sharp threads and
cutbacks increase the penetration and its sharpness. However, in
areas of a high esthetic demand, where exaggerated vertical dis-
crepancies occur with common thinning of the soft tissue, retrieval
of the implant may be necessary. An extensive vertical asymmetry in
the esthetic zone cannot be resolved by overextending the incisal

Figure 8.8 Occlusal view of the anterior maxilla after extraction illustrates
thin interseptal and buccal bone, which may result in a complete loss of
bone subsequent to dynamic changes during aging.
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Table 8.2 Clinical decisions to be made.

Asymmetrical placement

Implant diameter

Implant macrostructure

Implant microstructure

Healed site or placement at time of removal of tooth or implant
Immediate versus delayed loading

Hard and soft tissue grafts: staging, approach and biomaterials

Mode of provisionalization

edge of the implant, as the disharmony of the gingival architecture
will display unfavorable results. Removal of such an implant with a
high penetrating capacity will result in a greater residual defect that
will be more difficult to reconstruct and may create a residual defect
on adjacent dental units (Figure 8.10).

A treatment plan should be created for modification of the
conventional osteotomy in order to accommodate future bone
and soft tissue changes. Those directional modifications may
necessitate early decisions regarding the need for grafting and
the appropriate graft materials. Variation of the conventional
osteotomy is clinically challenging and admittedly not always
possible. The general intention should be to accommodate future
physiologic bony changes without compromising initial implant
stability and the Jong-term esthetic and restorative outcome. This
necessitates translation of the point of entry of the osteotomy to
allow for increased dimension of bone and soft tissue in the area
of highest risk (posterior maxilla and mandible) (Figures 8.11 and
8.12). The influence of craniofacial changes over time for the
posterior maxilla have been shown to move the buccal plate and
associated soft tissue toward the medial/palatal direction. While
the necessity of optimal restorative support and emergence profile
are a primary objective, sometimes flexibility allows more medial
implant placement (Figure 8.11c and d) compared to more lateral

Figure 8.10 Residual defect subsequent to implant removal in the anterior
maxilla in a patient with a high smile line. Adjacent anterior maxillary
teeth with associate structures in the esthetic zone have continued in a
down and lingual vector of movement with age. The implant acted as an
ankylosed unit and has not changed its position, eventually residing in the
infraocclusion relative to adjacent natural teeth.

placement (Figure 8.11a and b), thereby decreasing risk or at least
prolonging any compromise that may be introduced by cranio-
facial changes over the long term. In the posterior mandible, the
tendency for movement of bone is from medial to lateral.

Figure 8.9 (a) Implant macrostructure considerations today include variations in abutment emergence or platform shift as well as the degree and
extension of surface texture roughness. (b) Implant thread geometry may be either rounded or squared, its significance is not known to thinning of
buccal bone, and potential thread exposure secondary to physiologic bone changes can become a clinical concern for soft tissue.
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Figure 8.11 The influence of craniofacial changes over time for the posterior maxilla have been shown to move the buccal plate and associated soft tissue
toward the medial or lateral direction. While the necessity of optimal restorative support and emergence profile are a primary objective, sometimes
flexibility allows more medial implant placement (¢, d) compared to more lateral placement (a, b), thereby decreasing risk or at least prolonging any
compromise that may be introduced by craniofacial changes over the long term.

Figure 8.12 In the posterior mandible, the tendency for movement of bone is from medial to lateral. Placement of implants toward the lingual (a, b)
could result in eventual lingual thread exposure even though restoratively ideal. Positioning the implants in the lower jaw more laterally (c, d) while still
fulfilling restorative requirements provides an additional safeguard anticipating any craniofacial shifting.

Placement of implants toward the lingual (Figure 8.12a and b)
could result in eventual lingual thread exposure, even though
restoratively ideal. Positioning the implants in the lower jaw more
laterally (Figure 8.12c and d} while still fulfilling restorative
requirements provides an additional safeguard anticipating any
craniofacial shifting. These modifications may result in thread
exposure intraoperatively on the opposite side, which may neces-
sitate grafting.

The selection of grafting material deserves further attention. Once
grafting has been successful, the graft will respond in a way similar to
the local anatomy, undergoing the same craniofacial changes. There-
fore, alteration in grafting techniques and materials may be needed for
asingle tooth replacement in the anterior zone (Figure 8.13a and b) or
a complete reconstruction of a deficient ridge (Figure 8.14a to e). The
facial aspect may be at risk of resorption and may benefit from
xenografts or allografts as facial layering.

Figure 8.13 (a) Facial and lingual grafting with autogenous bone to reconstruct the anterior maxilla. Once vascularization occurs and implants are
placed, the graft will respond to craniofacial growth in a similar fashion to the normal alveolus with possible threads exposure. (b) Addition of non-
resorbable graft material will result in fibrous tissue that may mask exposed threads.
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Figure 8.14 (a) Anterior maxilla in an adult female patient showing exposure and thinning of bone and soft tissue over previously placed implants due to
down-growth in the lingual vector of the alveolus. (b) Flaps elevated and bone exposed. (c) Grafting crestally with Symbios non-resorbable OsteoGraf
LD-300 and overlayed with Biohorizon AlloDerm. The AlloDerm is stabilized with resorbable sutures. (d) Flap advanced and closed primarily. (¢) Two
months post-operatively. Anterior maxilla reconstructed to compensate for facial resorption.

Summary

Clinical challenges of implant placement in adult patients have not
been addressed adequately. Although infraocclusion, open contacts
adjacent to implant restorations, thread exposure, and such have
been discussed, a systematic approach for pre-treatment and intra-
operative changes have to be included in order to compensate for
the changes with time. The adult face undergoes normal dynamic
physiologic aging, which results in diminished bone volume and
structural changes over both teeth and implants. Those cumulative
factors cannot be avoided. However, with proper care, its esthetic
and functional impact on implant reconstruction can be diminished
(Table 8.3).

Tahble 8.3 Clinical risks and condlusions.

Craniofacial changes continue throughout adult life
Onset differs in the two sexes
Informed consent that takes account of changes with time is necessary

Risks differ among patients (e.g., patients with high smile lines and significant
esthetic demands will create greater difficulties)

Pre-cperative analysis and protocol should be modified as appropriate
Asymmetrical implant placement creates a higher risk than symmetrical placement

Site recovery is challenging, especially in the esthetic zone
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