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Adult Growth, Aging, and the Single-Tooth Implant
Larry J. Oesterle, DDS, MS1/Robert J. Cronin Jr, DDS, MS2

Single-tooth implants are an increasingly popular method for replacing single teeth. While the
effects of growth on implants in children have been well documented, the changes that occur in
adults have not been studied with respect to single-tooth implants. It has been assumed that
adults are stable and do not change; however, research in the last few years has indicated that
adults do change with aging, and adult growth does occur. The changes in adults occur over
decades rather than rapidly, as seen in children. Aging changes are readily apparent in the soft
tissues of the face and create dramatic changes. Changes in the jaws and teeth occur as a
result of continued, slow growth, in contrast to the aging effects seen in soft tissues. Growth
changes occur in the arches and result in adaptive changes in the teeth over time, both verti-
cally and horizontally, and in alignment. These dental changes may result in a lack of occlusion
vertically or malposition of adjacent natural teeth relative to the implant crown. Clinicians may
be well advised to observe and report these changes and warn patients that changes can occur
over the service life of the implant-supported crown. These changes may require maintenance
adjustments or possible remaking of the implant crown as a result of adult growth, wear, or the
esthetic changes of aging. (INT J ORAL MAXILLOFAC IMPLANTS 2000;15:252–260)
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Osseointegrated implants have become a routine
restorative procedure as a result of extensive

long-term studies by Adell et al1 and Albrektsson2

of completely edentulous patients. The natural
extension of this initial work is the use of implants
to replace teeth in the partially edentulous patient
and for single-tooth replacements. The use of a sin-
gle-tooth implant-supported prosthesis provides
esthetic and dental tissue conservation advantages,
by avoiding the preparation of caries- and restora-
tion-free abutment teeth. Resin-bonded or Mary-
land prostheses are another alternative; however,
their high failure rate makes them a less viable
alternative.3 The single-tooth implant is reported to

be highly effective, with success rates of 96% at 5
years and 89% at 10 years.4 Other studies confirm
the effectiveness of the single-tooth implant-sup-
ported prosthesis but are of shorter duration.5,6

Reports7,8 of immediate placement of an implant
after single-tooth extraction, reducing the otherwise
lengthy preparation time, have further spurred
interest in single-tooth implants. For all of the
above reasons, there is an increase in the use of the
single-tooth implant-supported prosthesis.3,9,10

Single-tooth implants, however, are not without
their problems. Kucey11 reported a higher incidence
of single-tooth replacement implant failure than
with other types of implants. The most common
area (70%) for single-tooth implant use is in the
anterior maxilla.12 However, this can be a difficult
area in which to use a single-tooth implant because
of esthetic demands, occlusal limitations, and lim-
ited space and bone volume. In addition, natural
teeth that are adjacent to a single-tooth implant
may not respond periodontally as favorably as nat-
ural teeth that are separated from implants by an
edentulous ridge.6,10

Single-tooth implants in growing individuals are
problematic because the implant behaves like an
ankylosed tooth.13,14 The inability of the implant to
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adapt to maxillomandibular and alveolar growth, in
the manner of adjacent natural teeth, dramatically
affects the position of the single-tooth implant rela-
tive to adjacent teeth. Growth can result in poor
implant position, burying of the implant in bone, or
implant loss. Thus, the single-tooth implant, if
placed too early, can act as a focus of a developing
malocclusion. This effect was observed in implants
placed in growing pigs15 and is further supported by
case reports of adverse changes associated with
implants in human adolescents.16,17

Change (growth) in adults has been totally dis-
counted, assuming that growth ends in early adult-
hood and ceases to be a factor in adults. A lack of
significant growth in adults continues to be held as a
truth by many and is supported by the ambiguity of
the results of cross-sectional studies. It was only with
well-controlled longitudinal studies of adults, such
as those by Behrents18 and others,19,20 that the myth
of “adults don’t grow” was put to rest. Although the
effects of adult growth are very slow and measured
in terms of decades, changes do occur and have a
long-term effect on a single-tooth implant adjacent
to natural teeth.

The purpose of this paper is to review the
research on changes due to growth and aging in the
adult face, arches, and dentition and relate these to
the effect of those changes on a single-tooth implant
prosthesis. To place adult growth in its proper con-
text as a part of aging, the facial, dental, and bony
changes that take place in children will be discussed
and related to the continuation of the growth
process into adulthood. As single-tooth implant-
supported prostheses exceed 20 years of service,
growth-related changes will begin to occur. Knowl-
edge of adult growth effects therefore become
important to recognize and explain, and any posi-
tional anomalies can then be treated.

FACIAL CHANGES

Facial changes occur in the adult with growth and
aging, but the changes are not as dramatic as in the
child. In the child the face grows from beneath the
cranium, developing relatively more than the cra-
nium. While the cranium is nearly young-adult size
by 7 or 8 years, the face continues to grow signifi-
cantly in a downward and forward direction. The
face grows from the very convex, mandibular ret-
rognathic profile of the infant to the nearly straight
profile of the adult. Much of this change occurs with
the greater downward and forward growth of the
mandible relative to the maxilla, particularly during
adolescence. Greater mandibular growth, combined

with the increasing size of the frontal sinus and
nose, results in the more angular, straighter profile
of the adult.

In the growing child, the rate and timing of
growth differ between different parts of the face and
between males and females. For example, the
majority of lip growth is completed by 15 years,
while the nose grows in greater amounts and may
grow significantly beyond 18 years.21 While females
complete the majority of their adolescent growth by
15 years, males continue to grow into their twen-
ties. Between 15 and 25 years, males increase their
standing height by 15%, their maxillary depth by
20%, and their mandibular depth by 26%, while
positioning their mandible forward by 30% and
changing their maxillomandibular relationship by
33%.22 This has implications both in planning
treatment and in evaluating adult growth studies.
Studies of adult growth that include males younger
than 25 years show more growth changes than those
that include only older males or only females.
Females can be treatment-planned as adults earlier
than males because of later male growth.

This is not to imply that females do not change
after the age of 15. Most females change very little
in early adulthood (17 to 20 years), but appear to
grow again in their early 20s and 30s. Since these
are the usual childbearing years, this resurgence of
female growth may be associated with the growth
hormones present during pregnancy, suggesting a
possible “female post-fertilization growth accelera-
tion” not seen in males. Growth direction also dif-
fers between the sexes, with males growing in the
same direction as in adolescence and females tend-
ing to grow more vertically.18 In both males and
females, as much soft tissue change has been
reported between 25 and 42 years as occurs between
18 to 25 years.23 Adult growth does occur, and in
significant amounts, but slowly, over a long period
of time.

Dramatic soft tissue changes take place with
increasing age. Some of the facial changes are the
result of adult growth, while other changes occur
from the effects of gravity and aging on facial skin,
which becomes progressively thinner, drier, and less
elastic.24 Other skin changes occur as a result of
individual responses to the effects of ultraviolet radi-
ation and smoking,25 histologic changes related to
photoaging (sun) effects,26 and weight increases.18,27

Thus, in considering adult growth, the effects of
increased body weight, gravity, sun, and histologic
changes must be considered.

Overall, faces appear to get larger with aging and
adult growth,18 with some facial areas changing
considerably. Ears and noses grow larger, foreheads
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become wrinkled, and hairlines recede as a part of
the aging process.28–30 Eyebrows become more
prominent and often descend below the bony ridge,
giving an angry look to the aging face.24,29 This is
further emphasized by gravitational displacement of
the cheeks, producing the gaunt look of old age.25

Of these changes, the only one associated with
actual growth is the nose, which becomes longer
and more angular.18,31,32

Lip changes also occur with aging. Upper lip
length is completed by 15 years of age in both males
and females, with males increasing upper and lower
lip length more (7 mm) than females (3 mm) during
adolescence.21 Upper lip length continues to increase
during adulthood, resulting in a 1.0 mm decrease in
maxillary incisor exposure by 42 years.23 This
increase appears to occur at the same rate as the
downward growth of the nose tip. Increased upper
and lower lip length, decreased maxillary incisor
exposure, increased mandibular incisor visibility, and
decreased lip vermilion exposure all occur with
aging.18,30 Relative to the nose and chin, lip promi-
nence and thickness also decrease with age in both
males and females.19 Many of these changes can be
related to adult growth.

BONY CHANGES

Underlying the soft tissue changes, skeletal changes
also occur in adults (Fig 1). The skeletal changes
appear more like the growth seen during adoles-
cence than the drooping, sagging changes seen in
the soft tissue. Since nearly all of the facial sutures
close in early adulthood, the skeletal growth during
adulthood must take place as a result of remodel-
ing.18 Facial height increases both anteriorly and
posteriorly, with a greater increase in the lower than
in the upper face, resulting in a significant change in
the area of the dentition.20,23,33 This increase in
facial height totals nearly 3 mm between 17 and 80
years, with the increase continuing into the
eighties.18 In males, posterior facial height (posterior
maxilla and mandible) increases more than anterior
facial height, while females have nearly equal
increases in anterior and posterior facial height.23

Multiple tooth loss resulting in substantial dental
reconstruction results in less anterior facial growth,
probably the result of an alteration in mandibular
position.18 While multiple tooth loss decreases the
amount of vertical growth, the effects of single tooth
loss are probably minimal.

Fig 1 Composite soft tissue profile and
skeletal changes seen in adult males and
females with aging, from a young adult to old
age.18 Dotted lines = young adult; solid lines =
old age. (Reprinted with permission.)
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Skeletal changes in the maxilla and mandible are
important to the single-tooth implant, because as
the arches grow apart, the teeth erupt and move
into the space created (Fig 2a). During adulthood,
the maxilla and the mandible continue to grow
downward and forward, away from the cranial
base.18,19 While the average maxillary change is
small (1 mm) over a 60-year period, some individu-
als demonstrate as much as a 5-mm change.
Changes in mandibular position and length also
occur with increasing age.18,34,35 The symphysis
moves downward and forward throughout all age
spans, with males growing more than females.
While in males the skeletal chin grows in a more
forward direction, creating a more prominent bony
chin (Fig 2b), in females, it grows mostly downward
(Fig 2c). Hence in males, more horizontal skeletal
growth occurs, while in females more vertical
growth occurs with a backward rotation of the
mandible, increasing skeletal vertical dimension.
Males demonstrate more vertical growth in the pos-
terior area of the maxilla and mandible, resulting in
a flatter angle between the anterior cranial base and
the lower border of the mandible, further increasing
chin prominence. No change is seen in the position
of the condyle relative to the cranial base structures,
implying that there is little or no change in the
position of the glenoid fossa during adult growth.18

Fig 2a Maxillary positional changes occurring during adult
growth, which are nearly identical for males and females.18

(Reprinted with permission.)

Fig 2b Mandibular positional change for males during adult
growth.18 (Reprinted with permission.)

Fig 2c Mandibular positional change for females during adult
growth. Note that male mandibles tend to grow more horizontally,
while female mandibles grow in a more vertical direction.18

(Reprinted with permission.)
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DENTAL CHANGES

Many dental changes occur secondary to the skele-
tal changes, as the teeth compensate by either
erupting or shifting positions. Growth and subse-
quent dental compensations in natural teeth sur-
rounding a single-tooth implant will have an effect
on the relative position of an implant prosthesis.
The maxillary incisors in both males and females
upright themselves during adulthood, with the axis
appearing to be near the crown and the roots
becoming more labially positioned (Fig 3a). In
females, incisor inclination and protrusion increase
(Fig 3b), while in males, the mandibular incisors
change little (Fig 3c). This results in the interincisal
angle becoming larger in males but staying the same
in females. The amount of maxillary incisor
uprighting is 2 to 3 degrees, with a significant
amount of the change occurring between 31 and 50
years. The maxillary molars upright in both males
and females, but the mandibular molars upright
only in males and tip slightly mesial in females.18,34

The anteroposterior dental changes that compen-
sate for adult skeletal growth are small but can be
significant. Over several decades, in an adult
demonstrating amounts of growth at the high end
of the range, a non-compensating implant prosthe-
sis may become progressively malaligned relative to
adjacent natural teeth.

Figs 3b and 3c These tracings demonstrate dimensional changes in the aging female (left) and male (right) mandibles. Increases in
ramus height are apparent, along with an increase in the vertical relationship of the mandibular teeth.18 If not compensated for by wear,
the increased vertical height of the teeth could leave an implant crown out of occlusion after 2 or more decades of service. (Reprinted with
permission.)

Fig 3a Maxillary dimensional changes for males and females
in the aging adult. The maxillary incisors tend to upright slightly,
while all of the teeth gain vertical height.18 (Reprinted with per-
mission.)
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Vertical tooth changes also occur as a compensa-
tion for skeletal jaw growth (Fig 3). Only 1 study36

indicated any change in anterior overbite relation-
ship of the teeth; most studies found no change in
the vertical relationship of the anterior teeth during
adulthood.18,19,37 Increases in maxillary alveolar
height average 1 to 2 mm both anteriorly and poste-
riorly, but some patients show no vertical change,
while others demonstrate significant vertical
change. Increases in mandibular alveolar vertical
height are only slightly greater. The changes are
continuous and progressive over the 60 years of
measurement.18,34 While the average changes are
small, a patient demonstrating maximum growth
may show 2 to 3 mm of vertical increase in the nat-
ural teeth, while in another patient with little or no
growth, no vertical change may occur. The effect on
an implant prosthesis adjacent to natural teeth
would differ between these patients, eg, in one
patient the implant prosthesis would become
infraoccluded by 2 to 3 mm, while in the other
patient no change would occur.

Arch width also changes with age. Intercanine
width increases significantly up to approximately 13
years of age36 and then tends to decrease, but the
decrease is generally small, being no more than 0.5
to 1.0 mm over a 20-year span.37–39 Increases in
arch width would probably have little impact on a
single-tooth prosthesis adjacent to natural teeth.

Arch depth and length also decrease with adult
growth and aging and are associated with increased
crowding. Decreases as great as 1.6 mm37,38 and as
little as 0.1 mm in the maxillary arch and 0.6 mm in
the mandibular arch39 have been reported. Decreases
in anterior arch perimeter as great as 2.5 mm over 10
years have been reported.40 These decreases result in
an increase in the curve of Spee37 and crowding.
Lundstrom38 studied individuals at 19 years of age
and again at 32 years and calculated the chances of
increased crowding during this time at 50% in the
maxilla and 85% in the mandible. Bishara et al19

found that crowding increased from mid-adolescence
to mid-adulthood by 2.7 mm in the mandible and 1.9
mm in the maxilla in males and 3.5 mm in the
mandible and 2.0 mm in the maxilla in females.
Thus, the net result of the changes seen in the denti-
tion during aging and adult growth does have a sig-
nificant effect on the dentition in the form of crowd-
ing. Because of these changes, arch form changes to
one that is more square (shorter and broader) with
aging.37 Increased crowding and changes in arch
form could have a significant effect on a single-tooth
implant in a patient who undergoes maximum
growth changes, resulting in an implant crown that
is out of alignment with adjacent natural teeth.

EFFECTS OF ADULT GROWTH AND AGING
ON THE SINGLE-TOOTH IMPLANT

The effects of growth and aging on the single-tooth
adult implant are not as significant as those seen in
children or adolescents. Whereas the effects of
growth in children or adolescents may be so signifi-
cant that removal and replacement of the implant is
required, no such dramatic changes are seen in
adults. Timing and individual variation (Fig 4),
however, remain a critical factor. Although it is
common to consider patients over 21 years of age as
adults, this may not be true for all males with
respect to facial growth. Some males show substan-
tial amounts of growth up to 25 years of age, while
females are generally at adult growth rates by 17
years. Hence, most males are questionable candi-
dates for implants until they near their 25th birth-
days. In females, some later growth may be seen as a
result of post-fertilization stimulation; however, the
amount of growth appears to be relatively small and
would probably result in no more than 1 mm of rel-
ative intrusion of the implant. In a worst-case sce-
nario, vertical mandibular growth and the accompa-
nying mandibular incisor protrusion might result in
a single-tooth implant that was initially well-posi-
tioned becoming vertically deficient and 2 to 3 mm
lingual to the natural teeth after 2 or more decades.
This would not be true for all females, but if a
mandibular incisor implant in a female who has had
a number of children is out of occlusion and align-
ment, this may be a possible explanation.

Aging of the face includes not only the sagging
and wrinkles commonly associated with aging, but
also elements of true growth. Effects on the denti-
tion, while small, may become significant, such as
decreased visibility of the maxillary incisors and
increased visibility of the mandibular incisors as the
individual ages. Even though the average change in
the maxillary incisor exposure is relatively minor
(about 1 mm), it may be a reason to create slightly
increased exposure of an anterior tooth, if appropri-
ate. Fortunately, lengthening of the upper lip is par-
tially compensated for by continued eruption
(increase in alveolar height) in the maxilla. How-
ever, this very increase in alveolar height may have
an impact on the vertical position of an anterior sin-
gle-tooth implant over 2 or 3 decades. The lack of
change of an implant adjacent to natural teeth that
are erupting and uprighting over time may create an
implant crown that is shorter and at a slightly dif-
ferent angulation than adjacent natural teeth. An
implant replacing a mandibular incisor may be the
most affected. Not only are the teeth changing
slightly in a vertical direction, but also, in females,
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the natural teeth may be becoming slightly more
protrusive. Combined with the tendency for
mandibular incisor crowding over time, the implant
crown may, over 2 or more decades, become pro-
gressively malaligned relative to adjacent teeth.

In the posterior of the mouth, changes would be
more subtle. Over 2 or more decades of implant
use, the implant crown may become slightly out of
occlusion. This change would not be the result of

any change in the implant, but rather a result of the
adjacent teeth developing in a vertical direction
while the implant remains stationary. The amount
of change would vary greatly between individuals,
depending on the amount of adult change.

An additional confounding variable in the inter-
positional stability of the single-tooth implant with
adjacent teeth is tooth wear. Wear of the natural
dentition—either slow physiologic wear or more

Fig 4 Tracings of 6 different individuals, which demonstrate the great variety in the amount and direction of growth. All individ-
uals demonstrated significant growth between adolescence and young adulthood; however, the amount of growth during adult-
hood varied.23 Numbers inside male/female symbols indicate patient numbers in the study. (Reprinted with permission from the
American Journal of Orthodontics and Dentofacial Orthopedics.) 
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rapid pathologic wear—can mitigate or even reverse
the effects of adult growth. Attrition, abrasion, and
erosion can all severely change the relative position
of the incisal or occlusal surfaces of teeth. Acute
episodes of erosive wear, which affect natural
enamel and dentin at a far greater rate than the
implant prosthesis restorative materials, can result
in destructive occlusal prematurities on the implant-
supported prosthesis. A recent study of 54 adults
with advanced occlusal tooth wear revealed that the
rate of dental wear exceeded the rate of compen-
satory tooth eruption and dentoalveolar bone
growth, resulting in an anterior rotation of the
mandible and a reduction in lower anterior face
height.41 Dental wear is a cumulative record of both
functional and parafunctional wear and is extremely
variable. Studies have shown that lateral wear
changes can show significant clinical differences
over a 10-year period.42 Turner and Missirlian43

described the severely worn dentition and compro-
mise of restorative spaces that result from such wear.
The single-tooth implant placed in this environ-
ment would not be expected to react physiologically
as positively as might a natural tooth with a protec-
tive mechanism mediated by the periodontal mem-
brane. These sometimes antagonistic forces of
excessive wear and adult growth followed over the
anticipated length of service of a dental implant can
complicate treatment planning, and they need to be
understood by the clinician to assist in the under-
standing of potential positional anomalies in the
long-term maintenance of the dental implant.

The single-tooth implant, particularly in the
incisor area, usually is cement-retained. In light of
the foregoing discussion, retrievability of the single-
tooth implant might prove to be helpful in long-
term esthetic and physiologic maintenance. Contin-
ued progress is being made on achieving more
optimal properties of implant cements. Innovative
techniques using set screws for primary retention44

or as retrieving screws to facilitate removal of a
cementable restoration have been reported.45 The
use of set screws in the anterior is difficult, however,
because of the potential for overcontouring the final
restoration.

SUMMARY

All of the effects of adult growth and aging are sub-
tle changes that occur very slowly. The changes
affect the implant prosthesis over decades rather
than years. In the exceptional patient who exhibits
large amounts of adult growth, the effects may be
seen much earlier and to a significant extent. The

knowledge that adult growth occurs and can be sub-
stantial in some patients may help to explain posi-
tional anomalies as single-tooth implants are in
place for longer and longer times. Pretreatment
patient counseling may be appropriate to explain the
need for implant crown modification or replacement
after 2 or more decades as a result of the positional
changes of adult growth. Techniques for easing
implant crown modification must be explored along
with attention to and reporting of long-term
implant-supported prosthesis changes relative to
adjacent natural teeth.
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