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Impact of dentofacial growth on dentoalveolar changes in adolescents and young adults

Abstract

Introduction: Craniofacial and dentoalveolar dimensional changes never really cease.
Although growth decreases rapidly after adolescence, being almost imperceptible after the
second decade of life, the continuous physiological eruption develops throughout life
continuous dentofacial dimensional changes. Fixed rehabilitation with implant supported
crowns can lead to aesthetic problems, which may result in infraocclusion or implants’
submersion due to dentoalveolar dimensional changes, mainly during faster growth periods.
Our aim was to review some methods used to determine dentofacial dimensional changes and
how they can be valued in the rehabilitation of the aesthetic zone in adolescents and young
adults.

Methodology: Some standardized techniques and methods in determining the clinically
insignificant period of residual craniofacial growth and dentofacial maturation were reviewed.
Those methods comprised the analysis and superimposition of photographs, the analysis and
superimposition of cephalometric radiographs and the superimposition of digital images with
intraoral scanners (I0S) and plaster dental cast models. We included 103 relevant references,
after evaluating titles, abstracts and full-text analysis, from the following databases: Cochrane
Library, Embase, PubMed/MEDLINE, Scopus and Web of Science. Only articles in English,

French or Portuguese, published until January 2021, were included.

Results: There is low evidence regarding the methods of assessment and analysis of the

identified parameters of craniofacial growth evaluation in this review.

Discussion: The development rate of maxilla decreases throughout life, while dentofacial and
dentoalveolar dimensions achieve non-valuable short-term measurements due to very small
variations. This demonstrates how residual growth occurs, mainly during the skeletal
maturation phase along the second and third decades of life. Several different standardized
methods are accurate techniques used to evaluate dentoalveolar changes in adolescents and

young adults during the continuous physiological eruption.

Conclusions: More than one digital technique seems to be advisable, including the analysis
of standardized clinical photographs and/or superimposition of digital images of dental cast
models with 10S.

Keywords: Adolescents; Craniofacial Growth; Dental Implant; Dentoalveolar Changes;

Growth and Development; Young Adults
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Abbreviations

2D - Two-dimensional

3D — Three-dimensional

ANS-PNS — Horizontal plane between the anterior nasal spine and the posterior nasal spine
CAD — Computer-aided design

CAM — Computer-aided manufacturing

CBCT - Cone Beam Computed Tomography

CEREC — Chairside Economical Restorations of Esthetic Ceramic
DDAR - Diagrams of dental aesthetic references

DSD - Digital Smile Design

IOS — Intraoral scanners

LAFH — Lower anterior face height

LPFH — Lower posterior face height

MPS — Midpalatal suture

NPH — Natural position of head

PNG - Portable Network Graphics

SCT — SmileCurves template

STL — Standard tessellation language

UAFH — Upper anterior face height

UN — United Nations

UPFH — Upper posterior face height
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Introduction

The United Nations (UN) Convention on the Rights of the Child defines a child as an
individual under the age of 18 years, while the UN defines “adolescence” as a stage of life
between 10 and 19 years old that comprises childhood and adulthood with a range of social
transitions and biological growth. Most of the recent terms introduced in the literature define

“young adult” ranging from about 18 to 26 years of age. !

Growth can be defined as an increase in size or dimension, and also as a process of
restructuring or of continuous development and remodelling. Growth in the maxilla and
mandible is variable and multidirectional since it occurs in the sagittal, transversal and vertical
plane. Throughout this gradual process, slow periods of growth are observed before periods
of accelerated growth called growth spurts. 23

Remodelling and drifting within the alveolar bone allow the teeth to remain in the same
position in the dental arches by following the continuous physiological eruption and a stable
occlusal dynamic can balance functional forces by compensatory mechanisms. 22 Then, it's
essential to understand the study of the craniofacial complex and carry out a brief review of

some concepts about the growth of cranial base and the maxillary growth.

Growth of cranial base occurs through an association between the elongation in
synchondrosis (sphenoethmoidal, sphenooccipital and intersphenoid synchondrosis), suture
growth and an extensive vertical displacement with remodelling. On the other hand, the cranial
base is considered one of the most stable anatomical structures of the craniofacial skeleton
being the one which suffers less influence from external actions, such as an orthodontic

treatment or changes in neuromuscular function. 4

Maxillary growth is based on a regulatory mechanism of craniofacial development from
a suture system that surrounds the maxilla (frontomaxillary suture, zygomatic-temporal suture,
zygomatic-maxillary suture, pterygopalatal suture) and drives it in 3 planes: anteroposterior,

transversal and vertical. >

Maxillary growth in width is mostly dependent on the midpalatal suture (MPS), which
generally follows the individual's general growth. The MPS remains opened until adolescence,
closes between 16 and 17 years of age and grows, on average, 6-9 mm between 4 and 20
years of age. Even so, maxillary growth in length occurs by suture growth and bone deposition
in the maxillary tuberosity. Thus, the maxilla is driven down and forward since its growth occurs

upwards and backwards, considering the cranial base as the landmark. ©
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According to different studies (Sawyer, 2018; Heij, 2007), growth peak normally occurs
in boys around 13 years old and girls around 11 years old, although the age can vary by about
6 years. Nonetheless, there is still a residual craniofacial growth in humans after this period

during puberty. 7

Through puberty, there are multiple hormonal changes linked to the adrenal gland (in
which the activation of adrenal fatigue hormones starts between 6 and 9 years of age), the
growth spurt and the gonadarche. Besides, its beginning occurs since the activation of the
hypothalamic-pituitary-gonadal axis, which also means the biological landmark of

adolescence’s beginning. 178

Significant and appreciable craniofacial growth begins with fetal development and
continues from birth to adolescence. Through adolescence, the skeletal structure decreases
in relation to body volume until adulthood, while body mass may continue to increase. In fact,
several regions of the cranium reach adult dimensions throughout childhood at around 10
years of age. For example, the length of the cranium reaches approximately 90% of its full size
at nearly 5-7 years. 2°

In the early 1980s, Behrents et al. demonstrated that facial maturation continues into
adulthood. Some studies by Bjork, Skieller and Valletta reported that vertical changes of the
facial skeleton during adulthood are more significant than anteroposterior changes during this

period. Otherwise, transverse changes are less noticeable. %1

Therefore, the association between craniofacial growth and dentoalveolar changes in
the maxilla plays a fundamental role in the evolution of the facial skeleton, which remains a

controversial topic throughout the years in the scientific literature.?!

Indeed, according to more recent studies (Ely, 2014; Cocchetto, 2019; Jensen, 2019),
craniofacial and dentoalveolar growth never cease and the continuous physiological eruption
occurs throughout life, but decreases rapidly after adolescence, being residual and almost
imperceptible after the second decade of life. Along this period, a continuous tooth eruption
occurs, even after the occlusion has been established in the post-adolescence period, which
leads to an increase in the height of the alveolar process. Long-term studies highlighted an
annual vertical incisor eruption rate of 0,07-0,1mm in adults aged 20-40 years. Consequently,

facial height increases over this period. 1213

One should be aware that dentoalveolar dimensions are established when the teeth of

opposite jaws are in contact with each other and vary their development with the eruption of
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the teeth throughout the continuous development. Thus, craniofacial modifications are
observed in all facial dimensions, size and shape, so it appears to carry on the facial growth

pattern during maturation,1!

Furthermore, the gradual increase in the palatal vault into adulthood appears to be an

outcome of the continuous eruption of the teeth over time.

However and sadly, the absence of permanent teeth in the aesthetic zone (anterior
region of the maxilla) often occurs in children, adolescents and young adults, mostly as a

consequence of dental trauma or agenesis. *°

Generally, the treatment plan associated with these cases should also take into account
the individual's systemic condition, individual’s age, the stage of skeletal development, the jaw
growth pattern, facial and dental aesthetics, occlusion, the number of missing teeth and the
anatomy of hard and soft tissues. 1416

Moreover, all these factors influence the long-term aesthetic results, which are usually

another treatment’s objective in rehabilitation with implant supported crowns. 1416-1°

Commonly, orthodontic closure of spaces, self-transplants and prosthetic rehabilitation
can be considered as treatment possibilities for dental absences in the anterior region. Fixed
rehabilitation with implant supported crowns has particularly become an option in the last
decades avoiding adjacent tooth involvement, which serves as a support for the prosthesis in
these individuals during the growth phase. This treatment modality is increasingly used and
definitely considered a valid treatment option with high survival and success rate, as

demonstrated in some studies (Klinge, 2020; Fudalej, 2007).152°

One should keep in mind that implant placement in a development socket results in
disruption of local alveolar growth, while growth continues in adjacent areas. Consequently,
the vertical passive eruption of adjacent teeth along with dentoalveolar growth and the
implant’s absence of periodontal ligament unlike natural teeth causes the "ankylosis" of dental
implants. In fact, implants do not follow the movement of the surrounding structures, ultimately
leading to aesthetic compromises in rehabilitation with implant-supported crowns such as
submersion or infraocclusion. This phenomenon is more evident in the region of the upper
incisors, which is considered a critical area for implant placement in the aesthetic zone, and it

may impair psychosocial comfort, speech and chewing. &12:14-19

According to several authors, there is still no consensus in the literature on the ideal

timing and positioning of implant placement in individuals during growth, development and
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maturation periods in order to provide long-term clinical success. According to an implant
conference in 1995, it was established that it is preferable to postpone implant placement

beyond the end of craniofacial growth, especially in the presence of partial edentulism. 1617

Besides, the chronological age is not significant enough to indicate the terminus of the
growth owing to individual susceptibility. Nevertheless, some authors (Ely, 2014) found out that
the placement of implants at the age of 17 in boys and 14 in girls takes a biological and
aesthetic risk, which can extend for longer periods until the age of 25 according to the different

types of facial morphology. 8

As a result, treatment of the aesthetic zone becomes a clinical challenge in the field of
implant dentistry to select the appropriate treatment based on a clinical and radiographic
examination that should assess and include the degree or severity of the vertical discrepancy
of the equivalent contralateral tooth, the position of the incisal edge and the gingival margin of

the same tooth as a reference. 192122

Last but not least, some diagnostic methods through measurements (e.g. craniometry
and anthropometry) or experimental procedures may be used to perform growth prediction. 23

In addition, cephalometric study, analysis of standardized clinical photographs,
superimposition of digital images of dental cast models and scanning with I0S may be other
complementary diagnostic methods able to verify and quantify dentoalveolar and facial
modifications over time due to the dentofacial maturation and the continuous physiological
eruption. Our aim was to review these methods used to determine dentofacial variations of
positional changes and how they can be valued in the rehabilitation of the aesthetic zone in

adolescents and young adults.

10
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Analysis and superimposition of cephalometric radiographs

Cephalometric analysis has been a fundamental tool to detect and to quantify
dentofacial anomalies, and also to measure the degree of dentoskeletal disharmony in
orthodontic planning. It allows the tracing of teleradiographies at different development and
maturation stages of subjects, which provide a detailed description of their skeletal maturation,

facial growth and the possible effects of orthodontic treatment. 24.25:26

First, there are several indicators of skeletal growth, which aim to identify the periods
of acceleration and deceleration during the adolescents' skeletal maturation such as secondary
sexual maturation characteristics, height dimension, changes in upper and lower body
proportions and vertical changes of the continuous tooth eruption. One of the methods for
assessing craniofacial growth is based on the superimposition and analysis of cephalometric

tracings taken every 6 months until there are no growth changes for at least for one year. 82°

The "structural method", introduced in 1963 by Arne Bjork through research with
implants, uses anatomical planes and elements rather than arbitrarily determined points and
lines. This is the cephalometric method that currently has the greatest scientific validity, which
indicated as stable natural references: the anterior wall of the sella turcica (and its point of
intersection with the inferior contours of the clivus), the great wings of the sphenoid, the
crimped blade, the floor of the orbit and the cortex internal front. 24

Although Ba-Na or S-Na (recorded in “Sella” or “Nasion”) usually forms a reference line
for overlaps in the anterior base of the cranium, some studies (Planch, 2006) have shown that
the “Sella” and the “Nasion” or “Basion” are involved in local remodelling phenomena during
the growth period. Considering that growth influences the change in the position of “Basion”
and “Nasion”, both cephalometric points cannot be considered stable structures. On the other
hand, the superimposition of the maxilla is also conventionally performed according to the
ANS-PNS plane. However, this method tends to introduce significant distortions at the level of

vertical displacement of incisors and molars.

Moreover, radiation exposure and the long duration of this diagnostic method represent
some of the disadvantages. There are also problems related to its lack of reliability, which
leads to the difficulty at attributing scientific value to cephalometric analysis since several errors
can occur, including the magnification of some anatomical landmarks or linear and angular

dimensions’ identification. 827

11



Impact of dentofacial growth on dentoalveolar changes in adolescents and young adults

Otherwise, hand and wrist radiographs are mainly used to predict the adolescent

growth peak, but they are not considered ideal to assess the cessation of craniofacial growth.
13

Analysis and superimposition of clinical photographs

Currently, access to high-quality digital tools and the increasing use of social networks
have been changing photography sources and anthropological analysis in human
identification, mainly related to craniofacial analysis and dental superimposition methods. 28

The aesthetic analysis of a smile is performed based on aesthetic dental references of
dental morphology. To do this, it is possible to use digital guidelines as templates to help in the
diagnosis and aesthetic planning of orthodontic and integrated treatments. 28:2°

In order to take the photographic analysis, it's necessary to establish and define the
“natural position of the head” (NPH) to obtain standardized clinical photographs due to the
impossibility of finding reproducible reference points with the head in its resting position. NPH
is defined by the position of the head with the subject standing and looking straight ahead
parallel to the ground as established by Broca. However, there are different ways to reproduce
this position, so a cephalostat can also be used to find this position by taking standardized

clinical photography. 33t

At this point, criteria for standardization of clinical photographs should be established
to provide stability and analysis' reproducibility of all the details. A cephalostat attached to a
rotating chair, which is one meter in front of the background, and both could be rotated together
in order to take clinical photographs in many standard views. Also, the distance between the
camera and the subject should be kept in 1 meter and a 10 mm paper ruler should be
connected to different facial strategic points not only to focus the camera but also to adjust the

size of the image in Photoshop (1 mm ruler scale represented 1 mm of actual size). *

Other overlapping method described was based on several horizontal and vertical smile
lines, angles and a ratio between some of these lines in order to provide more reproducibility

and quantify the dentofacial dimensional changes by Photoshop's functions and analysis. 32

Besides, the dentoalveolar analysis is mostly performed with two-dimensional (2D)
images, which have a lower recognition rate than tridimensional (3D) images owing to their

minor content of information and precision. *

12
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Intraoral scanners analysis and superimposition of digital images of dental cast

models

The digital era of dental practitioners has been increasingly enhanced in recent years,
with CAD/CAM (computer-aided design and computer-aided manufacturing) technology
systems, introduced by Duret and Termoz in the 1970s, used in the area of Operative Dentistry
and Prosthetic Oral Rehabilitation. Later, MOormann and Brandestini developed the first digital
IOS as a complementary tool to the CEREC system (economic aesthetic ceramic restorations
in the office). 3*

At the same time, over the past few years, researchers have also been using softwares
intending to align 3D digital models of dental plaster models and measure tooth movement
over time. Superimpositions are made after selecting at least three landmarks as stable
reference points in each model. Hence, literature shows that medial and lateral points of the

third rugae area remain valuable reference points for superimposing dental cast models. 323

13
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Methodology

Search of literature

A literature review was carried out in order to select some of the most relevant and
recent articles focused on the elected methods (as mentioned before) that allow an evaluation
of dentoalveolar dimensional changes and their potential impact on prosthetic rehabilitation

with implants of the aesthetic zones.

First, a screening of the articles was aggregated based on the review of the titles and
abstracts for full-text reading. Only articles in English, French or Portuguese, published until

January 2021 were included.

The initial search was made in October and November 2020 and was updated in April
2021. It was also amplified with manual searches of full-text articles identified by the electronic
databases. Thus, this search included 103 relevant references after evaluating titles and
abstract and full-text analysis from different databases, as described in Table 5.

14
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Eligibility criteria

The inclusion and exclusion criteria for selection and extraction of data are described

in Table 1.

Table 1 - Inclusion and exclusion criteria

Inclusion criteria

Randomized controlled trials (RCTs) and controlled
clinical trials (CCTSs)

Systematic reviews
Cohort studies
Studies in adolescents and young adults

Studies reported dentoalveolar changes through
cephalometric landmarks/aesthetics evaluation
based on photographic analysis/digital scanning
and dental cast models’ superimposition

English, Portuguese or French abstract

Last 20 years (since 2001), full-text

Exclusion criteria

Non-clinical studies and all other research types
(for example, editorials, textbooks, and technical

reports)
Animal studies

Studies that included patients with craniofacial
anomalies, severe malocclusions,
temporomandibular dysfunction, previous history of
orthognathic surgery or undergoing orthodontic

treatment

Edentulous patients or missing teeth adjacent to
implant-supported crown

Studies with missing data

15
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Search strategies

The bibliographic search was assessed by the following electronic databases:
Cochrane Library, Embase, PubMed/MEDLINE, Scopus, and Web of Science.

Keywords used and searched in different databases of this study for each diagnostic

method are presented and summarised in Table 2, Table 3 and Table 4.

16



Table 2 - Search strategy for each database of cephalometry

Diagnostic Database Keywords Articles included
method
Cephalometry  Cochrane Library “Cephalometry”, “Dental implant”, “Growth and development”, “Young adult” 1

Embase “Cephalometry”, “Dental implant”, “Growth, development and aging”, “Skeletal maturity”, “Young adult” 5

Pubmed (Medline) “Cephalometry”, “Craniofacial growth”, “Dental implant”, “Growth and development”, “Young adult” 43

Scopus “Adolescents”, “Cephalometry”, “Dental implant”, “Growth and development”, “Young adults” 2

Web of Science “Adolescents”, “Cephalometry”, “Dental implants”, “Dentoalveolar changes”, “Growth and development’, “Young 2

adults”

Table 3 - Search strategy for each database of photogrammetry

Diagnostic Database Keywords Articles included
method
Photogrammetry  Cochrane Library “Dental implant”, “Growth and development”, “Photography”, “Young adult” 0

Embase “Dental implant”, “Growth, development and aging”, “Photography”, “Skeletal maturity”, “Young adult” 1

Pubmed (Medline) “Craniofacial growth”, “Dental implant”, “Growth and development”, “Photography”, “Young adult” 19

Scopus “Adolescents”, “Dental implant”, “Growth and development”, “Photography”, “Young adults” 0

Web of Science “Adolescents”, “Dental implants”, “Dentoalveolar changes”, “Growth and development”, “Photography”, “Young O

adults”

17



Impact of dentofacial growth on dentoalveolar changes in adolescents and young adults

Table 4 - Search strategy for each database of IOS and digitization of dental cast models

Diagnostic Database Keywords Articles included
method
10S and Cochrane Library “Dental implant”, “Growth and development”, “Intraoral scanners”, “Young adult” 0
digitization of
dental cast Embase “Dental implant”, “Growth, development and aging”, “Intraoral scanners”, “Skeletal maturity”, “Young adult” 2
models
Pubmed (Medline) “Craniofacial growth”, “Dental implant”, “Growth and development”, “Intraoral scanners”, “Young adult” 17
Scopus “Adolescents”, “Dental implant”, “Growth and development”, “Intraoral scanners”, “Young adults” 0

Web of Science

“Adolescents”, “Dental implants”, “Dentoalveolar changes”, “Growth and development”, “Intraoral scanners”, “Young 1

adults”

18



Objectives

This review aims to identify and value the dentofacial parameters used to determine
the significant deceleration of dentofacial growth and maturation, which results in dimensional
dentofacial changes and influence the rehabilitation of the aesthetic zone in adolescents and
young adults. Therefore, the objective remains to determine ways to measure these
dentofacial factors in: cephalometry, dentofacial photographs, digital and facial dental models’

superimposition.

Cephalometry

Cephalometry was introduced in Orthodontics in 1922 when Paccini published the first
paper about the cephalogram, a method of assessing the relationship of craniofacial and dental
structures on a radiograph, which are produced in a standardized manner. The first clinical
application of the cephalogram took place in 1948 by Downs. For Down’s clinical application
the patient is placed in a cephalostat, which positions the head of the patient oriented 90
degrees to the X-Ray beam 5 ft from the tube. The film is then placed 15 inches from the head.
These are standards under which all cephalometric radiographs are taken worldwide. °

According to Cervera et al., the cephalometric analysis or study is obtained by a series
of measurements from an individual to be compared with tabulated values that are considered
average (normal) in a population sample. It allows for an easier assessment of growth and the
effects of treatment. Once the film is produced it’s then traced and the necessary standard
landmarks, lines, both skeletal and dental horizontal and vertical measurements and angles of
dentofacial morphology are measured and recorded. These are then compared to the normal
standard tracing to see any modifications. Besides, dentoalveolar heights can be evaluated in
four measurements: upper anterior (UAFH), lower anterior (LAFH), upper posterior (UPFH),

and lower posterior (LPFH). 1011

Facial growth pattern may be defined by Bjork’s sum of the saddle angle (regarded as
the cranial base angle), gonial angle and articular angle. Also, two reference structures can be
determined: the Sella-Nasion line as the primary one due to its stability and the nasal line,
comprising the anterior nasal spine and the posterior nasal spine, as the secondary one. *
Later, Jarabak found another method based on Bjork’s research in order to calculate and to

compare linear and angular measurements in cephalometries. 243

19
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According to this method, the most relevant cephalometric points and planes are

mentioned in Table 5.

20



Table 5 - Cephalometric measurements of Jarabak’s analysis

Dimension

Definition

Linear dimensions (mm)

Anterior cranial base: S-N

Distance from Sella to Nasion

Posterior cranial base: S-Ar

Distance from Sella to Articulare

Ramus height: Ar-Go

Distance from Articulare to Gonion

Anterior facial height: N-Me

Distance from Nasion to Menton

Posterior facial height: S-
Go

Distance from Sella to Gonion

Mandibular body length:
Go-Me

Angular dimensions (°)

Distance from Gonion to Menton

Saddle angle: N-S-Ar

Angle between anterior and posterior cranial base

Articular angle: S-Ar-Go

Angle between posterior cranial base and ramus height

Gonial angle: Ar-Go-Me

Angle between ramus height and mandibular plane

Upper gonial angle: Ar-Go-
N

Angle between ramus height and Gonion-Nasion line

Lower gonial angle: N-Go-
Me

Angle between Gonion-Nasion line and mandibular plane

Jarabak sum

Sum of angles (Saddle angle, Articular angle and Gonial angle)

21



In conclusion, this analysis cannot be exclusively utilized as a diagnostic and treatment
method to plan decisions, but also to predict and assess craniofacial and skeletal changes

over time. %

Photogrammetry

We also take into account a review of measurement techniques applied to photographs
to facilitate the evaluation of the dentofacial changes on the smile.

First, the importance of use a cephalostat is shown as undoubtably as a fundamental
way to define the NPH of the head before taking standardized clinical photographs. 30313839

In fact, the cephalostat may be fixed and attached to a rotating chair that is always kept
in the same position in order to obtain a standardized technique of clinical photographs. This
system stabilizes the head's NPH and guarantees high reproducibility. The coronal facial plane
presented two stable reference points as support in the cephalostat and remained constant: in
the frontal and chin regions. The frontal support prevents the face from moving forward and
the chin support limits the anterior and inferior advance of the face. Moreover, the height of the
photographic cephalostat is maintained by a wheel connected to the vertical rod that connected
the cephalostat to the chair. The clinical photographs are taken in standard and parameterized
positions and under the same light and exposure conditions with each individual seated 1

meter away in front of a wall of the office and the camera 1 meter away from the chair. 338

Facially driven smile design tools such as Digital Smile Design (DSD), which helps to
plan orthodontic and prosthodontic cases before or even during therapy, can also be used.
The aesthetic analysis of the smile according to DSD is based, at least, on 5 images that must
be imported into a software (PowerPoint, Keynote or a similar program). Dental photographs
are required to evaluate the smile and its integration with the subject's face, including a full
smile (maximum display), a photograph in maximum intercuspation with the soft tissues apart,
and a photograph with the lips at rest. In addition, photographs with a half-open smile (close-
up) with lip retraction are needed in order to create the smile design for the final aesthetic
evaluation. 8 Furthermore, other similar techniques may also be used and can complement

the dentofacial dimensions’ evaluation, for example, FaceFlow and SmileCloud.

SmileCurves Template (SCT) is another digital smile tool of diagnostic. It's a digital
template with Diagrams of Dental Aesthetic References (DDAR), presented as a whole with

the six horizontal smile lines (upper lip line, cervical line, papillary line, line of contact points,

22
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incisal line and lower lip line). It enables the guidance of positions and proportions of teeth, but
also gingival contour and lips. This aesthetic smile analysis software benefits from its easy and
simple use and execution. It can be used with any 2D or 3D imaging software, being adapted
to a PNG (Portable Network Graphics) file. %

Also, clinical photographs may be managed with a 10 mm digital milimeter ruler
calibrated with a conventional ruler to focus the camera and to measure dental and facial
discrepancies of the smile in the aesthetic zone. Effectively, this electronic transparent ruler is
superimposed and it helps to obtain a 1:10 ratio (1 mm on the model is equal to 10 mm on the
photographs). It allows for the evaluation of several dentofacial measures in the aesthetic zone,
such as the actual width of the maxillary left central incisor. 12303640

Schwartz-Arad and Bichacho studied vertical dimension changes between the incisal
edge of an implant-supported crown replacing a central incisor and the adjacent central incisor
(natural tooth). This retrospective study *' assessed vertical discrepancies by a direct
measurement technique using the Image J software. They defined the mean submersion rate

as a mathematical expression in terms of percent of crown occlusal-gingival length per year.
41

In addition, another method (De Angelis, 2007) was based on two lines drawn: a
tangent line to the most occlusal points of the distal surface of both canines (line ) and another
line perpendicular to line g and tangent to the mesial profile of a central incisor tooth (line r).
Then, the contact points between line g and canines are identified as A and B and both lines
(g and r) are intersected at the point C. After that, ratio AB/AC measured between both width
segments represents an indicator of the variation of torsion. Furthermore, an angle a is created
by the intersection of a straight line from point A, tangential to a reference point, and line q,

which measures the extension in a smiling position. 32

Intraoral scanners and digitization of dental cast models

The use of IOS allows us to capture information about the dental arches and calculate
volumetric changes. The digital development of this tool allowed an assessment and
measurement of 3D surfaces. Then, standard tessellation language (STL) files store all the
digital data and allow the recognition of all the geometry of 3D objects by triangulation. Its
applicability extends from the planning of implant surgeries and orthodontic treatments, as well

as prosthetic rehabilitation planning as a whole. 213442
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3D digital dental models can be produced from digital images of teeth and soft tissues,
after the scanning of conventional impressions, intraoral digital impressions or scanning of
plaster cast models. In this last case, conventional dental plaster models are taken and
digitized with a surface scanner, similar to the one obtained intraorally. This analysis and
evaluation of study models depend on several parameters evaluated at different timepoints of
the treatment, such as the length of the crown measured from the gingival zenith to the incisal
edge, the distance between gingiva and mucosa, measured from neighbouring natural tooth
zenith to implant mucosa zenith, and incisal edge gap measured between lowest incisal edge
position of implant crown and adjacent teeth. The distance between zenith points aims to

identify modifications in the mucosal level. 84243

As stated by recent studies (Ghislanzoni, 2017; Kiliaridis, 2019), the plaster models
may be scanned with Trios of 3Shape, as used by those authors, stored in STL format, and
palate’s superimposition may be performed in 2 different ways among different time points
using Viewbox (dHAL Software, Kifissia, Greece). 1°4 However, we should first understand
how volumetric changes can be evaluated. One evaluation method is based on the
superimposition on the palatal vault in a region called the "mushroom area" - this region is
comprised of the palatine rugae to a posterior region along the palatine raphe in the hard
palate. Palatal rugae are anatomical references derived from hard connective tissue covered
by stratified epithelium into the anterior part of the palate. Their analysis is considered one of
the most reproducible and reliable methods for personal identification following well-preserved
soft tissues and has an additional advantage of their central localization in the oral cavity.
When a comparison is made by the superimposition of the silhouette of palatal rugae, the

percentage of accuracy is high and reaches 100%. 194345

Other superimposition’s method is performed along the occlusal surface of the
premolars and molars, that is, the functional occlusal plane. After the superimposition of both
models, an occlusal point and a gingival point of all maxillary teeth from the first molar to the
first molar is digitized and the vertical displacement of the tooth crown and the gingival height
is measured. Then, fourteen digitized points are obtained (one occlusal point and one gingival
point for each tooth) from each digital model that represented the gingival and occlusal limits
of the vestibular axis of the clinical crown. In this case, the method aims to calculate 3D

coordinates of all the points in order to measure the vertical discrepancy of the digitised points.

19,44

24



Impact of dentofacial growth on dentoalveolar changes in adolescents and young adults

Results

Analysis and superimposition of cephalometric radiographs

Some tooth eruption parameters, including dental and alveolar components of upper
incision eruption, described a significant increase after 20 years. Particularly, it was described

an increased growth of anterior and posterior facial height, mainly in the LAFH, was described.

46,47

The inter-gender difference was statistically significant for the distance between the

palatal plane and the incisal edge of the maxillary incisor. 8

Summary of findings for cephalometric studies in the anterior maxilla is presented in
Table 6.
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Table 6 - Results of analysis and superimposition of cephalometric radiographs

Study Type Mean age of Results Conclusions
publisher of subjects
study
Valletta, 2020  RCT 15.5 + 5.5 years For each increase of one degree in SN"GoGn occurred Dentoalveolar heights are dependent on the mandibular growth pattern.
an increase in UAFH by 0.8 mm.
Oualalou, RCT 13-17 years (follow- The vertical dimension value for S-Ena showed an Boys are associated to a greater reduction of the vertical dimension than
2016 up: 3.7 + 2.3 years) increase. ANB angle and Go-Gn-SN angle reduced. All  girls.
parameters related to the sagittal dimension, Ar-Pog, Ar-
Gn, Go-Gn, Co-Pog, Co-Gn, Pog-NB and Co-A,
increased significantly.
Poelmans, RCT 21.5 years (follow- The average eruption at incisors in the maxilla was 1.0 Making a comparison between measurements at the cusp or incisal level
2016 up: 20 years) mm. (dental factor) and measurements at the alveolar (alveolar factor), it was
concluded the increase was smaller for eruption measurements at the
alveolar level.
Aarts, 2015 Cohort  15.4 years (follow- At the end of the observation period, approximately 20% Facial type pattern and the timing of cessation of facial growth are not
up: 2, 5and 10 of the subjects were related to an increase in the anterior ~associated.
years) facial height (N-Me).
Davidovitch, RCT - Only lower anterior facial height was considered to have Bjork's structural method shows low unanimity.
2015 a significant effect with the age of subjects among all

Bjork indicators.
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Table 6 - Results of analysis and superimposition of cephalometric radiographs (continuation)

Study Type Mean age of Results Conclusions
publisher of subjects
study
Tavares, 2014 Review - Both males and females were associated with an The most reliable diagnostic method to evaluate the terminus of facial
increase in facial height (mainly in the lower face) and an  growth is superimposition of cephalometric radiographs with a minimal 6-
increase in mandibular length. month interval.
Heij, 2006 Review - The average eruption along the active growth phase was Timing of cessation of craniofacial growth and facial type can also be
1.2-1.5 mmly, and was reduced annually to 0.1-0.2 mm associated.
afterward, even after the age of 18.
Planché, 2006 Review - According to Bjork, the stable maxillary structure is the Bjork’s structural method can highlight the potential effects of a wide
anterior contour of the zygomatic process. variety of treatment strategies.
Bernard, 2004 Cohort  15.5-21 years Infraocclusion of dental implants was evidenced with an  No differences in vertical eruption changes of adjacent teeth and changes
(young adults) average value of 0,7 mm (range: 0.1-1.9 mm) related to  of implant position.
(Follow-up: 4.2 maxillary incisors adjacent to implants in a sample of
years) adults (mean age of 43.6 years) for an average period of
4 years.
Kokich, 2004 RCT - No vertical facial height changes (Nasion to Menton) A second cephalometry should be performed after 6 months to a year to

after superimposition of cephalometric radiographs.
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Analysis and superimposition of clinical photographs

The direct measurement technique based on submersion rate measurement
(Schwartz-Arad, 2015) assessed and quantified vertical discrepancies using the Image

J software. However, this software showed a lack of uniformity and scale in the photos.
41

SCT, another direct measurement method, involves some characteristics of the
smile, such as the tooth axes, symmetry, gingival contour, incisal edges, interproximal
contacts and dental proportions, which helps to transfer the design of the dental and
gingival lines in order to compare and measure different clinical photographs. This results

in a such useful tool into an aesthetic pattern of dentofacial analysis. %

Summary of findings for photographic analysis and evaluation of dentofacial

changes is presented in Table 7.
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Table 7 - Results of analysis and superimposition of clinical photographs

Study publisher  Type of Mean age  Results Conclusions
study of
subjects
Whiteman, 2020 Review - DSD procedure is completed with the retracted close-up image The two-dimensional evaluation of the DSD does not allow the
before the teeth outline can be converted to smile images (both evaluation of teeth pro-inclination, malocclusion, the plane of
close-up and portrait). occlusion, open bite and the anteroposterior dimension of the
teeth.
Camara, 2019 Article - The width of the upper central incisors should coincide on frontal SCT facilitated the visualization and interpretation of the data
smile or intraoral image, and it should be assessed by the use of obtained and allowed the transformation of subjective
DDAR references and the six horizontal smile lines. concepts into objective information.
Cocchetto, 2019 RCT Older than Infraposition or submersion of implants was verified in 21 cases out Infraocclusion is expected to have a high incidence in adults
20 years of 44 in the young/adult group (<30 years). Otherwise, 23 out of 44 treated with implants in the aesthetic zone in the maxilla.
(follow-up:  were related to the mature/adult group (>30 years).
minimal of
5 years)
Mahn, 2019 RCT 18-32 83.7% of patients showed papilla or more for posed smiles, as well Women showed a higher rate of gingival display than men for
years it was an increase to 97.9% for spontaneous smiles. both posed and spontaneous smiles.
Schwartz-Arad, RCT 29.2 + The amount of eruption was more than three times in the younger No vertical discrepancies of anterior maxillary teeth adjacent
2015 10.09 age group (<30 years) than in the older age group, yielding to a single implant in young and mature adults, as well in
years submersion rates of 1.02 and 0.27% 24 per year, respectively. males and females.
(follow-up:  Although, there were no statistical differences between the second
7.4 + 45 and third or between the fourth and fifth decades of life.
years)
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Table 7 - Results of analysis and superimposition of clinical photographs (continuation)

Study publisher  Type of Mean age  Results Conclusions
study of
subjects
Han, 2010 RCT 20-29 No significant statistical variations of the validation's analysis of the The repeatability of the technique described based on
years standardized photography (e.g., the repeatability of photographs standardized clinical photography was very high.
obtained was excellent).
De Angelis, 2007  Experimental - The correct correspondence cast a score higher than the index of This method ensures a cheap and quick technique, unlike
study correspondence 50, which was attributed in all the cases other more frequent methods that are not applicable.
described.
Usumez, 2001 RCT 18-24 Method errors of 0.7° (SD, 0.8) and 0.6° (SD, 1.0) and correlation The cephalostat with the inclinometer device show to have
years coefficients of 0.977 and 0.984 were detected by sets of films, high repeatability and reproducibility.

respectively.
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Intraoral scanners analysis and superimposition of dental images from

dental cast models

Teeth that suffered the most eruption alterations were the central and lateral
incisors. In this study, wide inter-individual variability was also observed, in which some
subjects showed no changes in the eruption, while others presented a significant
eruption (greater than 1.0 mm). *°

87% and 78% percent of the central incisor measured in the test group moved
more than 0.25 mm vertically and 0.25 mm horizontally, respectively, compared with the

control group after 5 years.

Summary of the findings for analysis of dental images from IOS and scanning of

dental cast models is presented in Table 8.
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Table 8 - Results of intraoral scanners analysis and superimposition of dental images from dental cast models

Study publisher Type Mean age  Results Conclusions
of of
study subjects
Wiedemann, RCT 20-79 Vertical changes in the continuous eruption were 0.33 + 0.3 mm Functional, periodontal and aesthetics long-term outcomes
2021 years during a 16-year study period, which means an average of 0.021 can be compromised due to the increase in continuous
(follow-up:  mmly. eruption, although it does not affect each patient to the same
16 years) degree.
Wittneben, 2021 RCT 23-79 Vertical eruption of the incisal edge-to-edge landmarks was always Vertical tooth eruption adjacent to a single dental implant
years observed over the 36 months of the study period. crown was continuously observed in adults.
(follow-up:
3 years)
Henninger, 2019 RCT 22.1-35.7 The smaller the reference area chosen, the higher the risk of A tendency was observed between the decrease of effects
years artifacts in the detected tooth movements. described in this study and the increase of the reference area
(follow-up: used for overlapping.
15.1
months)
Jensen, 2019 Review - The interruption of skeletal growth should not be considered the The risk of infraocclusion of implants may be minimized while
only predictor factor of implant submersion. skeletal growth documented by two body height dimensions
is ensured, at least 1 year apart, with ideal interocclusal
contact.
Kiliaridis, 2019 RCT - The mean vertical displacement of anterior teeth neighboring to  The continuous tooth eruption of the maxillary incisors was

single implants was recorded to be about 0.7 mm over a period of

1-3 years.
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Table 8 - Results of intraoral scanners analysis and superimposition of dental images from dental cast models (continuation)

Study publisher Type Mean age  Results Conclusions
of of
study subjects
Brahem, 2017 RCT 29.7+10 87% and 78% percent of the central incisors measured in the test Small large amounts of defects in the plaster models caused
years group moved more than 0.25 mm vertically and 0.25 mm the exclusion of 1% of the teeth.
(follow-up:  horizontally, respectively, compared with the control group after 5
7+1 years.
years)
Ghislanzoni, RCT 33-58 Vertical changes in the maxilla after 10 years associated with an  Although the results presented, the actual discrepancy of
2017 years average eruption of 0.3 mm in the aesthetic zone. teeth next to an implant crown may be bigger, due to some
(follow-up: vertical remodelling that can happen with the palatal
10 years) reference plane used in the study.
Wittneben, 2016 RCT - Supraimplant emergence profile modifications highlighted a mean At the moment, precision analysis for volumetric soft tissue

extension of 41.9 + 20.3 mm3 and 25.8 + 10.4 mm3 for central and

for laterals incisors, respectively.
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changes by the use of IOS devices has not been exhaustively
tested with high accuracy.



There is very low-quality evidence for continued development in the alveolar bone
of the anterior maxilla and dentofacial maturation, even after skeletal growth is

considered residual in adolescents and young adults.

Furthermore, there is low evidence regarding the methods of assessment and

analysis of the identified parameters of craniofacial growth evaluation.
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Discussion

Ideally, the treatment of choice should be the least invasive option that satisfies
the expected aesthetic and functional goals. Bonded bridges, removable dentures,
Maryland bridges or orthodontic treatment are some reliable therapies that could be
selected for replacing a missing tooth until the cessation of residual growth and

dentofacial maturation. The patient's psychosocial factors must be considered. *’

First, the development rate of the maxilla decreases and stagnates throughout
life, while dentofacial and dentoalveolar dimensions achieve non-valuable short-term
measurements due to very small variations. This demonstrates how residual growth

occurs, mainly during the skeletal maturation phase along adulthood. 1%/

Whereas post pubertal craniofacial changes affect the maxilla, incisors can erupt
6 mm incisal and 2.5 mm forward, while molars have the potential to erupt 8 mm occlusal
and 3 mm forward, from the age of 9 to 25. It explains the development of the facial
skeleton and continuous eruption of adjacent anterior teeth that continues after puberty,
leading to a significant risk of aesthetic and/or functional changes in adolescents and
young adults. Simultaneously, the amount of growth gradually decreases throughout life
and seems to be clinically insignificant and residual after the second decade of life. 174149

At this point, we should take in account that the analysis of the angular variables
also reported a posterior rotation of the mandible and an uprighting of the maxillary
incisors with a greater incidence in women according to some studies (Kritzler, 2015;
Kritzler, 2017). Also, the anterior face height increased 1.60 mm on average, which
highlights an eruptive movement of teeth and a vertical growth of their surrounded

tissues. 417

We should always be aware of an increasing daily challenge in clinical practice
in achieving satisfactory aesthetic and functional long-term outcomes owing to the
increase in patients’ expectations and in particular to the rehabilitation with insertion of
dental implants. From this point of view, although implants’ submersion is continuous
throughout life, this phenomenon is more evident during the second and third decades
of life compared to older ages and men have a lower risk of submersion. Even so, this

aesthetic outcome is rarely detected within the first 5 years after implant placement.

12,17,21,41

At the Consensus Conference “Oral Implants in Young Patients” it was
established that implants should not be placed until the end of growth or almost complete

development of the individual. In fact, its placement in the aesthetic zone should be
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postponed after the age of 25 years as a consequence of the continuous changes in

anterior face height and posterior rotation of the mandible, mainly in women. 2250

Also, even mature adults, older than 40 years of age, may present implant
submersion of, at least, 1.5 mm when assessed 5-18 years after the baseline of its
placement according to some studies (Schwartz-Arad, 2015; Jensen, 2019). Thus,
skeletal and dental maturation of the craniofacial complex should be taken as a deciding
factor in the timing of implants’ placement instead of chronological age in order to avoid

their infraocclusion. 1317

Analysis and superimposition of cephalometric radiographs

The determination of vertical dimensions in a specific patient can be made from
superimposed cephalometric radiographs at 6-month or 1-year intervals. One of the main
disadvantages of this method is that the continuous natural eruption of teeth in adults
occurs slowly over decades, rather than being rapid as it happens in children.
Consequently, cephalometric analysis shows difficulty in quantifying and measuring
dentoalveolar modifications from the second and third decades of life, when dentofacial

maturation is considered residual. 46:51

Besides, the positive correlation of LAFH with increasing age is consistent with

the increase in anterior facial height reported in previous studies (Davidovitch, 2016). 23

Analysis and superimposition of clinical photographs

There are many technigues and study protocols to take standardized clinical
photographs, which are able to assess the dimensional modifications throughout

different timelines.

Some disadvantages are associated with DSD. Actually, it's a two-dimensional
method of photographic analysis, which makes it impossible to evaluate the teeth pro-
inclination, malocclusion, the plane of occlusion, open bite and anterior-posterior
dimension of the teeth. Otherwise, the main advantage of this aesthetic dental

assessment tool is the ease of communication between professional and patient. 8

The validation of the standardization of a clinical photography technique with the

use of cephalostat and the setup of the standard NHP reported that the repeatability of
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the standardized photographs of this method showed statistical significance. In fact, it
seems to be the most reproducible and accurate method to perform in order to obtain

standardized clinical photographs and to measure dimensional changes. *°

SCT may be used in many clinical cases, for instance, in 3D planning software
programs. Therefore, this tool can be clinically useful to support dental planning of
aesthetic evaluation of the maxillary anterior teeth. However, its efficiency shall be better

studied in future studies. 28

Intraoral scanners analysis and superimposition of digital images of dental
cast models

Dentoalveolar dimensional changes can also be measured by superimposition of

dental images from intraoral scanners and dental cast models.

The potential application of 3D superimposition of plaster dental models for dental
identification is determined in several studies (Mou, 2020; Gibelli, 2018; Brahem, 2017).
Actually, some authors reported that the majority of the subjects with the cast
superimposition method showed a small amount (<0.5 mm) of tooth discrepancy in the
vertical and horizontal plane. Also, the authors concluded that radiographic photographs
alone are not accurate enough, so they recommended a more active investigation of

digital techniques. 33354

Besides, findings in a study with cast analysis among all-time points detected
vertical eruption discrepancies in anterior maxillary teeth adjacent to single-implant-

supported crowns after 3 years of follow-up. °

In addition, vertical discrepancies and the pattern of continuous eruption at the
level of the maxillary teeth were assessed, from the first molar to the first molar, through
the superimposition of 3D digital models in a stable area - the palatal rugae. This region,
described as the “mushroom area”, shows a relatively low accuracy due to some vertical

remodelling. 144

Most studies (Wittneben, 2016; Tomita, 2018; Henninger, 2019) mention the high
precision of 10S, while plaster models do not differ significantly. Summing up, 10S
becomes an easy and fast tool to use, a risk-free scanning process that avoids the use
of radiation and non-invasive. Both methods, 10S analysis and digital models’ analysis,

incrare associated with some disadvantages like the high cost of equipment and the long
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chair time during digitization. However, the accuracy of measuring soft tissue volumetric
parameters using 10S devices has not been extensively tested and needs further

studies. 213443

Thus, it seems advisable to incorporate more than one digital technique due to
the difficulty to quantify dentoalveolar changes on cephalograms, such as with the
analysis of standardized clinical photographs and/or with the superimposition of digital

images of dental cast models with I10S.
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Conclusions

To summarise, the craniofacial growth and dentoalveolar modifications in
adolescents and young adults along the continuous physiological eruption can be

accurately assessed using different standardized techniques described in this review.

Especially from the second and third decades of life onwards, an increase growth

of the LAFH remains, while dentofacial maturation is considered residual.

On the one hand, cephalometry establishes the most accentuated growth after
puberty with several significant changes until the end of the second decade of life. After
this period, dentoalveolar changes seem to be more difficult to quantify by cephalometric

techniques.

Nevertheless, features of this review highlight the lack of prospective studies with
a study protocol, a well-defined and a calibrated investigation technique to improve the
scientific knowledge. Therefore, new prospective study designs are needed to validate
each evaluation’s method of dentoalveolar changes and to understand the impact of
adult craniofacial growth on the long-term clinical outcomes of implant-retained
restorations in the aesthetic area.
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