
INTRODUCTION 

In the last two decades, the dental aesthetics has
been considered the main goal in implant
rehabilitations due to demand of increasingly

younger patients to require replacement of missing
or unerupted teeth in maxillary and mandible
anterior regions. The great incidence of missing
teeth, due to congenital absence, has its higher
frequency in premolars and lateral incisors (1).
Successful oral implants rehabilitations depend on
the integration and harmony between the soft and
hard tissues components and their relationship
between implant-supported crowns and remaining
teeth. 
The placement of dental implants requires an
accurate planning taking into account the anatomy
limitations and the restorative goals.
The adequate 3D position for placing dental implants
plays a major role in esthetic excellence of the future
prostheses, thus, it is necessary to standardize that
procedure, based on clinical and radiographic
findings and dentoalveolar morphology. It should be
considered the apicocoronal, mesiodistal, and
buccopalatal relationships as well as to highlight the
importance of the placement of dental implant in an
axial position. 
Research with human beings focusing on establishing
the vertical dimensions in implants had related the
interproximal height of bone (IHB) to prediction the
papilla height, having as reference the future contact
point from restoration to crestal bone. It was noted
that the distance from 4 to 5 mm suggests a good
prognosis with the papilla almost always present;
from 6 to 7 mm indicates a guarded prognosis; and
over 7 mm points out a poor prognosis (2).
In Table 1 are summarized the apical-coronal
measures suggested by some authors.
The implant marginal bone loss is related to adjacent
teeth, which indicates a strong correlation between
the horizontal distance and bone loss. By assessing
the mesiodistal measurements some authors (7)
concluded  that, the lower horizontal distance
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ABSTRACT

Background The three-dimensional (3D) position of the osseointe-
grated dental implants provides favorable esthetical results and pre-
serves the surrounding soft and hard tissues architecture in a long
term analysis. However, recent studies demonstrate that the conti-
nued growth at adult life can also be noticed on the craniofacial ske-
leton. Therefore, considerable change may occur interfering on the
relationship between a fix structure, the implant, and the adjacent
teeth, with the possibility of forward and downward movement, due
to the craniofacial growth.  The question is: how long the harmonic
relationship, previously established between the crown supported
implant and natural teeth, is going to maintain esthetically pleasant?
This article is based on three cases of adult patients with ages
varying from 38 to 60 years old, when implants were inserted, and
afterwards these patients were followed up during 12 to 15 years. It
has been concluded that the continued craniofacial growth can lead
to an infraocclusion of the implants–supported crown and to dia-
sthem, which may negatively impact on both the aesthetics and the
chewing quality.



between implant and adjacent teeth, the higher the
bone loss, suggesting that this distance might ranges
from 1.5 to 2.00 mm (7). 
Some authors (4) have corroborated that to maintain
the interproximal papilla the distance of 2 mm at
implant cervical level and adjacent teeth is ideal,
while other investigators have established at least
3mm of distance between the implants (8). 
As regards the buccopalatal aspects, the authors have
suggested that dental implants should be placed
2mm towards palatal or lingual from a tangent on
the buccal surface of adjacent teeth.
The more favorable axial position for placing dental
implants would be at 45° relative to occlusal plane
where provides a better facial contour and labial
support, being ideal for the future prosthesis.
According to one author the appropriate direction of
implant improves the natural aesthetics by showing a
better facial emergence profile for the restoration
(9).
Although a lot of effort has gone into standardizing
the three-dimensional parameters that would benefit
the aesthetics for a patient, the long-term evaluation
of the maintenance of those excellent outcomes is
questionable, since the body dimensional changes are
not static. Thus, we can ask: until when?
The bone growth mechanism is by apposition and
resorption, being the first accomplished through
osteoblasts while the latter is through osteoclasts.
The bone does not grow evenly in its whole extension
by apposition and resorption process. The periosteum
and endosteum can appose bone on an external or
internal area to be reabsorb in a contiguous one,
allowing different skeletal parts either change their
spatial shape as they grow or undergone a
remodeling. The biological changes occur throughout
the body over time (10). The growth hormone exerts
a profound effect on the dimensional changes due to
its interference in liver, muscle, fat tissue and bones
metabolism. It is released throughout the life
following a pulsating pattern. The releasing intensity
of growth hormone is not constant throughout the
life. It is increasingly from birth to first childhood,
and during the childhood it remains somewhat

stable. On puberty occurs an abrupt increased
secretion, provoked by estrogen and testosterone in
females and males, respectively. Following the
puberty the hormone releasing intensity droops to a
stable value. Ultimately, in senile the releasing
intensity and the pulsation droop to their lower levels
(11).
The potential of growth might be influenced by
several others hormones such as paratohormone
from a general epigenetic perspective added to
intrinsic genetic factors and extrinsic environmental
factors, leading to anatomic changes throughout life
(12).
The facial skeletal growth is extremely complex due
to combinations between bone sliding, displacement
and remodeling of each part of it and of its entire set.
One should highlight the great influence of
independent functional areas set related to
breathing, vision, speech, chewing and smelling (13).
The growth trend noted by cephalometric
superposition studies suggests a growth:
> In the maxilla the vertical and horizontal growth

takes place into backward and upward, but its
displacement is forward and downward (Fig. 1a, 1b).

> In the mandible, following its formation, its growth
is coordinated by apposition in the condylar area
and posterior border of mandibular upward ramus,
and its shape by an intensive activity of apposition
and resorption. The horizontal displacement and
sliding is forward and rotated down (Fig. 1c, 1d).

This growth does not occur in an even manner, and it
can be disturbed as was noted by three studies (1, 14,
15) using the same methodology and the same
experimental group. In a sample of six pigs of Pigham
strain, 12 weeks old, were placed three implants in
lower jaw: one was placed in the mesial socket of the
second deciduous premolar on one side, a second was
placed in the deciduous canine region on the same
side, and a third was inserted in the mesial socket of
the first deciduous premolar on the opposite side. In
the upper jaw, on implant was placed in the region of
the maxillary deciduous lateral incisor. Amalgam
markers were placed in the buccal cortical layer of
the alveolar process adjacent to implants in order to
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Table 1 Apical-coronal plane suggested measures.

APICAL-CORONAL PLANE

Phillips & Kois, 1998 (3) The implant is placed 3–5 mm apical to free marginal gingiva from adjacent tooth

Saadum, Legall & Touati, 1999 (4) The implant is placed 3 mm apical from marginal gingiva or 2 mm from ECJ of the adjacent
tooth

Hermam et al., 2000 (5) The abutment-implant interface should be more coronal, thus less amount of bone is lost;
for ITI implants, it is suggested placement that interface 1mm apical from ECJ

Kan et al., 2009 (6) They suggested that the implant should be placed 3 mm from ECJ of the adjacent tooth



allow to superposition the lateral cephalograms from
the different recordings. In the control animal, no
extraction was performed and no fixtures were
inserted, amalgam markers were placed in
corresponding areas as in the test pigs. After 165
days, the animals were sacrificed. The results showed
that the implants do not become displaced in sagittal
and transversal dimensions, thus, do not behave like
normal teeth, suggesting by analogy that the single
implant should not be placed in young patients.
Regarding to fixture-to-teeth relationship, it was
noted that in the premolars region of lower jaw, the
teeth were positioned superior to and buccally
angulated in relation to the fixtures. In the upper jaw,
the implants were positioned below the adjacent
teeth, but centrally in the alveolar process. Tooth
germs adjacent to the fixture had a displaced
eruption path, buccally and lingually to the fixture.
Similar changes were noted in a clinical investigation
in a group of 15 young, with age ranging from 13 to
19 years old, presenting with missing teeth by
congenital absence or trauma and were replaced for
implants. In the first 3 years of follow-up, none
implant was lost or had significant bone loss, however,
infraocclusion from 0.6 to 1.6 mm was noted in those
patients with residual craniofacial growth. It was
associated with growth changes related to an increase
in a body height. The author concluded that age is not
the major problem, but the skeletal and dental
maturation should be considered to prevent
infraocclusion of implants in young patients. It was
highlighted that the mesiodistal space should be
maintained in order to avoid bone resorptions in the

teeth adjacent to implants (16). From the 4-year
observation, neither further increase in a body height
nor any craniofacial changes were found in any of the
patients. However, an increase in infraocclusion was
observed reaching to 2.2 mm in ten years. The greatest
disadvantages are related to the upper incisor region,
especially for lateral incisor due to craniofacial
changes post adolescence. Periodontal problems may
arise, with marginal bone loss around the adjacent
teeth and bone loss buccally to the implants. The
shorter the distance between the implant and the
adjacent teeth, the larger the reduction of marginal
bone level. The authors concluded that the implant-
supported prosthetic constructions seems to be a
good alternative in adolescents with extensive aplasia,
provided that craniofacial growth has ceased or is
almost complete (17).
One study (18) changed the previously established
paradigms about the nature of specific morphologic
changes and adjustmens of the craniofacial
complexes associated with post-maturation and age.
Moreover, it amplified the assumptions that the
growth from childhood to adulthood may be
arbitrary. The noted changes were consistent and
provided evidence that the craniofacial complex
remodeling occurs continuously throughout life. The
dimensional changes and the direction of sliding and
displacement were different when males and females
were analyzed. In figure 2 are exemplified those
changes. The relevance of that study (18) leads us to
reflect the potential implications in the purposes of
treatment in several dental specialties. 
The cases reported bellow are from a private
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Fig. 1 Maxillary growth pattern (a and b); mandible growth pattern ( c and d).

Fig.  2 Direction of tooth sliding and displacement in females (a) and males (b).



Due to the integrity of alveolar bone we chose the
immediate placement of a Frialit 2 implant (5.5 x 13
mm). The socket was filled with bone graft (DFDBE)
and sealed with connective tissue grafting. In the
restorative phase the central (21) and lateral (22)
incisor crowns were simultaneously replaced with
the screwed-crown on the implant.
In 12-year follow-up was found the intense
discrepancy of the gingival and incisal margins
between the implant in infraocclusion and the
adjacent central incisor. 
It was also noted the direction of growth movement
forward and downward, where it is clearly observed
the root of central incisor adjacent to implant
tipped forward. This horizontal and vertical growth
vector is according to normal facial growth pattern
(Fig. 3-6).

practice, where usually the photographic and
radiographic recordings are not carefully
standardized and the difficulties with the
maintenance of casts for a long time leads us to
rethink the pre-existing concepts of implant
dimensional position, which might always be stable,
and to open a new horizon of research to be
investigated in implantology. In all cases reported
below, the initial photographic recording were
performed with analog camera and in a certain
moment they were again photographed using a
digital camera in order to preserve the images. 

Case 1: follow-up of 12 years
A 46-year old patient with upper right central
incisor presented at our office, in 1998, requiring
rehabilitation with osseointegrated implant. 
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Fig. 3 Surgical procedures.
Fig. 4 The 48-year patient in 1998 with final crowns .
Fig. 5 Radiographs taken in 1998 (a ) and 2010 (b). 



Case 2: follow-up of 12 years
A 58-years patient with missing the lower left
molars presented for restorative treatment. The oral
rehabilitation was performed with two splinted-
crowns on implant. The 12-year follow-up revealed

diastema existing between the crowns on implants
and the natural teeth. The main complaint of the
patient, in that moment was 70 years old, was the
food impaction in that area and, due to it, the loss
of pleasure of eating (Fig. 7-10).
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Fig. 9 Radiographs taken  in
1998 (a ) and 2010 (b).

Fig. 7 Surgical procedures in the
58-year old patient in 1998.

Fig. 6 The 12-year follow-up
showing displacement forward
and downward of the tooth
crown adjacent to implant
restoration.

Fig. 8 The final crowns in 1998.



Case 3: follow-up of 15 years
A 31-year old female patient presented with fracture
of lower left first premolar (#34) in 1995. Then, the
fractured root was removed and immediately a
Screw-vent implant (3.75 x 13 mm) was placed. After

seven months, the patient was referred to the
prosthetist.   
The 15-year follow-up showed diastema between the
crown on implant and the natural lower left canine
(Figs. 11-14)
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Fig. 11 Surgical procedures in
1995.

Fig. 12 The 32-year patient in
1996 with final crown.

Fig. 10 The 12-year follow-up
showing diastema between the
crowns on implants and the
natural left second premolar.



DISCUSSION 

The established concept concerning the growth curve
suggests that the intense skeletal changes stop after
the puberty. The changes would be noted in women
up to 18 years old, and in men up to 19 years old (18).
Other authors have suggested that the growth is
complete at 20 or 23 years old (19, 20).
The indication for rehabilitations on osseointegrated
dental implants in adolescents follows that
chronology and it is suggested that the confirmation
of the cessation of growth to be performed based on
wrist radiographs. 
When we note the body changes occurring in
adulthood, it is expected that those concepts be
reviewed and updated, and that this period should
not be onsidered as stable morphologically and
physiologically.
Some studies have demonstrated a significant
increase in dimensions on adulthood, such as the
dentoalveolar height growth indicating an eruptive
movement of the teeth and a vertical development
of the surrounding tissues (21). In 1978, Ainamo
already noted those changes, which were related to
soft tissue (mucogingival junction, gingiva
attachment) and hard structures (nasal base,
mandible lower border, and cementoenamel
junction). The changes in both bony structures and
tooth position interfere significantly with the
occlusal relationship that has its growth in micron
per year, therefore we should not consider the
occlusal arrangement as definitive (22). 
Among several and important conclusions drawn by
Beherents (10), here are reported a few.
> The craniofacial skeletal growth is continuous in

adulthood, and maybe its cessation only occurs with
the death, even though an apparent deceleration
during this course.

> Both the size and the shape of the craniofacial com-
plex are altered and the growth behavior are diffe-
rentiated and marked.  

> In a young adulthood phase the growth seems be
specific between men and women, however in the
subsequent phases the vertical dimensions of growth
seem common to both genders. 

> The growth between men and women is different.
The women grow less in every age and more in verti-
cal direction than the men.

> The mandibular plane is rotated forward in men and
rotated backward in women. Offset changes in the
dentition were noted.

Dramatic changes relative to soft tissues are expected
due to great magnitude of skeletal changes, primarily
involving elongation of the nose, flatness of the lip,
and growth of the chin. 

CONCLUSION 

The questioning of a potential tooth migration due to
occlusal problems were analyzed and discarded in all
cases presented herein. Whether the continuous
growth noted and reported here is a reality, it leads us
to believe that the implants infraocclusion process in
relation to adjacent teeth may to become more marked
as the patients are younger. It is also important to point
out that the biology in adulthood is never static.
Due to lack of standardization of the evidence and the
limited number of sample, might not be thinking about
the percentage of growth and/or its occurrence. 
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Fig. 13 The 15-year follow-up
showing diastema between the
crown on implant and the
natural left canine.

Fig. 14 Radiographs taken in
1996 (a) and 2010 (b).



Currently, it seems prudent to accept that the disorder
was caused by facial growth itself. Moreover, we think
that the clinicians should give information to patients
on changes can occur over the service life of the
implant restorations, which may be replaced in the
future.
Further research on this subject and its consequences
in several fields deserve to be carried out.      
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